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(57) ABSTRACT

A display device according to an exemplary embodiment
includes: a substrate; a thin film transistor; a pixel electrode;
a common electrode; an insulation layer disposed between
the pixel electrode and the common electrode; a roof layer
spaced apart from the pixel electrode with a plurality of
microcavities disposed therebetween; and a liquid crystal
layer disposed in the microcavities; wherein the pixel elec-
trode includes n branch electrodes that extend parallel with
each other, a first connection electrode that connects a first
end of a first branch electrode and a first end of a second
branch electrode, and a second connection electrode that
connects second ends of the n branch electrodes, where the
n branch electrodes each has a shape that is bent at least once
on a plan view, and the first branch electrode includes a first
sub-branch electrode and a second sub-branch that are
spaced apart from each other.
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DISPLAY DEVICE

RELATED APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2016-0053948 filed in
the Korean Intellectual Property Office on May 2, 2016, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

1. Field

[0002] The described technology relates generally to a
display device.

2. Description of the Related Art

[0003] As one of most commonly used flat display
devices, a liquid crystal display device includes two display
panels where field generating electrodes such as a pixel
electrode, a common electrode, and the like are formed, and
a liquid crystal layer provided between the two display
panels, wherein the liquid crystal display device generates
an electric field in the liquid crystal layer by applying a
voltage to the field generating electrodes, determines a
direction of liquid crystal molecules of the liquid crystal
layer by the electric field, and controls polarization of
incident light to thereby display an image.

[0004] The two display panels configuring the liquid crys-
tal display may include a thin film transistor array panel and
an opposing display panel. In the thin film transistor array
panel, a gate line transferring a gate signal and a data line
transferring a data signal are formed to cross each other, and
a thin film transistor connected with the gate line and the
data line, a pixel electrode connected with the thin film
transistor, and the like may be formed. In the opposing
display panel, a light blocking member, a color filter, a
common electrode, and the like may be formed. In some
cases, the light blocking member, the color filter, and the
common electrode may be formed on the thin film transistor
array panel.

[0005] However, in a liquid crystal display in the related
art, two substrates are necessarily used, and respective
constituent elements are formed on the two substrates, and
as a result, there are problems in that the display device is
heavy and thick, has a high cost, and has a long processing
time.

[0006] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology and therefore it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0007] Exemplary embodiments have been made in an
effort to provide a display device manufactured using one
substrate to thereby reduce weight, thickness, expense, and
processing time thereof.

[0008] When the display device is manufactured by using
one substrate, a plurality of microcavities that are covered by
a roof layer are formed. The plurality of microcavities are
disposed apart from each other by column portions of the
roof layer.
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[0009] A pixel electrode may have a shape that is bent
once, and accordingly, a data line may also have a shape that
is bent in parallel with the pixel electrode. In addition, the
column portions of the roof layer may also have a shape that
is bent in parallel with the pixel electrode on a plane. In this
case, light leakage may occur at the periphery of the column
portion of the roof layer.

[0010] In order to solve such a problem, the present
inventive concept provides a display device that can prevent
light leakage.

[0011] A display device according to an exemplary
embodiment includes: a substrate; a thin film transistor
disposed on the substrate; a pixel electrode that is connected
to the thin film transistor; a common electrode configured to
overlap the pixel electrode; an insulation layer disposed
between the pixel electrode and the common electrode; a
roof layer spaced apart from the pixel electrode with a
plurality of microcavities disposed therebetween; and a
liquid crystal layer disposed in the microcavities; wherein
the pixel electrode includes n branch electrodes that include
a first branch electrode, a second branch electrode, and an
n-th branch electrode that extend parallel with each other, a
first connection electrode that connects a first end of the first
branch electrode and a first end of the second branch
electrode, and a second connection electrode that connects
second ends of the n branch electrodes, where n is a natural
number that is greater than or equal to 3, the n branch
electrodes each has a shape that is bent at least once on a
plan view, and the first branch electrode includes a first
sub-branch electrode and a second sub-branch that are
spaced apart from each other.

[0012] The display device according to the exemplary
embodiment may further include a gate line and a data line
that are connected to the thin film transistor, wherein the gate
line may extend in a first direction, the data line may extend
in a second direction that crosses the first direction, and the
n branch electrodes may extend in two directions that form
a predetermined angle with respect to the second direction.

[0013] The extension direction of the n branch electrodes
and the second direction may form an angle between 5
degrees to 10 degrees.

[0014] The first direction may be a vertical direction, the
second direction is a horizontal direction, and the first
direction and the second direction may perpendicularly cross
each other.

[0015] The n branch electrodes may be symmetrical to
each other with reference to an imaginary line.

[0016] The imaginary line may be parallel with the first
direction.

[0017] The n branch electrodes may be bent on the imagi-
nary line.

[0018] The first sub-branch electrode and the second sub-
branch electrode may be disposed apart from each other on
the imaginary line.

[0019] The roof layer may include a column portion that
covers sides of each microcavity, and the column portion
may extend in the second direction on a plane.

[0020] The n branch electrodes may further include a third
branch electrode, a fourth branch electrode, a fifth branch
electrode, a sixth branch electrode, a seventh branch elec-
trode, and an eighth branch electrode, and first ends of the
third branch electrode, the fourth branch electrode, the fifth
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branch electrode, the sixth branch electrode, the seventh
branch electrode, and the eighth branch electrode are not
connected with each other.

[0021] The n branch electrodes may substantially extend
in a same direction as date lines extend, and each of the n
branch electrodes may have a bent portion at a center except
a branch electrode which has a shortest distance from an
adjacent data line.

[0022] The branch electrode which has a shortest distance
from an adjacent data line may be the first branch electrode.
[0023] The first sub-branch electrode and the second sub-
branch may be spaced apart from each other at the center.
[0024] According to the exemplary embodiments, the
pixel electrode has a shape that is bent at least once, and the
data line and the column portion of the roof layer are formed
in parallel with each other along one direction such that
occurrence of light leakage at the periphery of the column
portion of the roof layer can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a top plan view of a display device
according to an exemplary embodiment.

[0026] FIG. 2 is a top plan view of a pixel in the display
device according to the exemplary embodiment.

[0027] FIG. 3 is a cross-sectional view of FIG. 2, taken
along the line HI-III.

[0028] FIG. 4 is a cross-sectional view of FIG. 2, taken
along the line IV-IV.

[0029] FIG. 5is a top plan view of a pixel electrode of the
display device according to the exemplary embodiment.

DETAILED DESCRIPTION

[0030] The present inventive concept will be described
more fully hereinafter with reference to the accompanying
drawings, in which exemplary embodiments of the inventive
concept are shown. As those skilled in the art would realize,
the described embodiments may be modified in various
different ways, all without departing from the spirit or scope
of the present inventive concept.

[0031] The drawings and description are to be regarded as
illustrative in nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion.

[0032] In addition, the size and thickness of each configu-
ration shown in the drawings are arbitrarily shown for better
understanding and ease of description, but the present inven-
tive concept is not limited thereto. In the drawings, the
thickness of layers, films, panels, regions, etc., are exagger-
ated for clarity.

[0033] 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
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another
element, there are no intervening elements present.
Throughout the specification, the word “on” means posi-
tioning on or below the object portion, but does not essen-
tially mean positioning on the upper side of the object
portion based on a gravitational direction.

[0034] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
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prises” or “comprising” will be understood to imply the
inclusion of stated elements but not the exclusion of any
other elements.

[0035] In this specification, the phrase “a plan view”
means a target portion viewed from the top, and the phrase
“a cross-section” means a cross-section formed by vertically
cutting a target portion and viewed from the side.

[0036] Referring to FIG. 1, a display device according to
an exemplary embodiment will be schematically described.
[0037] FIG. 1 is a top plan view of a display device
according to an exemplary embodiment.

[0038] As shown in FIG. 1, a display device according to
an exemplary embodiment includes a substrate 110 that is
made of a material such as glass or plastic.

[0039] A microcavity 305 that is covered by a roof layer
360 is provided on the substrate 110. The roof layer 360
extends in a first direction D1, and a plurality of microcavi-
ties 305 are formed under a single roof layer 360. The first
direction D1 may be a vertical direction.

[0040] The plurality of microcavities 305 may be arranged
in a matrix format, and a first area V1 is provided between
microcavities 305 that are adjacent to each other in a second
direction D2 and a second area V2 is provided between
microcavities 305 that are adjacent to each other in the first
direction D1. The second direction D2 may cross the first
direction D1, and may be a horizontal direction. The first
direction D1 and the second direction D2 may perpendicu-
larly cross each other.

[0041] The first areas V1 are respectively provided
between the plurality of roof layers 360. A side of each
microcavity 305 may not be covered by the roof layer 360
in a portion corresponding to the first area V1. The sides that
are not covered by the roof layer 360 are called injection
holes 3074 and 307b.

[0042] The injection holes 307a and 3075 are provided at
opposite edges of each microcavity 305. The injection holes
307a and 3075 include a first injection hole 307a and a
second injection hole 3075, and the first injection hole 3074
exposes a side of a first edge of the microcavity 305 and the
second injection hole 307b exposes a second edge of the
microcavity 305. The side of the first edge and the side of the
second edge of the microcavity 305 face each other.
[0043] Each rooflayer 360 is formed to be distanced from
the substrate 110 between adjacent second areas V2 such
that the microcavities 305 are formed. The roof layers 360
cover the sides of the microcavities 305 in the second areas
V2. Each roof layer 360 includes a column portion 365, and
adjacent microcavities 305 are separated from each other by
the column portion 365.

[0044] A structure of the display device is exemplarily
described in the above exemplary embodiment, but this is
not restrictive. The structure of the display device can be
variously modified. For example, the alignment of the
microcavities 305, the first areas V1, and the second areas
V2 can be modified, the plurality of roof layers 360 can be
connected with each other in the first area V1, and a part of
each roof layer 360 may be formed to be distanced from the
substrate 110 in the second area V2 such that adjacent
microcavities 305 may be connected with each other.
[0045] Hereinafter, a structure of a pixel in the display
device according to the exemplary embodiment will be
described with reference to FIG. 2 to FIG. 5.

[0046] FIG. 2 is a top plan view of a pixel of the display
device according to the exemplary embodiment, FIG. 3 is a
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cross-sectional view of FIG. 2, taken along the line II1-ITI,
FIG. 4 is a cross-sectional view of FIG. 2, taken along the
line TV-IV, and FIG. 5 is a top plan view of a pixel electrode
of the display device according to the exemplary embodi-
ment.

[0047] Referring to FIG. 2 to FIG. 4, a gate line 121 and
a gate electrode 124 that protrudes from the gate line 121 are
provided on an insulation substrate 110 that is made of
transparent glass or plastic.

[0048] The substrate 110 may be made of a transparent
and bendable material. In this case, the substrate 110 is bent
after a plurality of constituent elements are formed on the
substrate 110 such that a curved display device can be
formed.

[0049] The gate line 121 transmits a gate signal, and may
substantially extend in the first direction D1. The gate line
121 may be provided between microcavities 305 that are
adjacent to each other in the second direction D2. That is, the
gate line 121 is provided in the first area V1.

[0050] A gate insulating layer 140 is provided on the gate
line 121 and the gate electrode 124. The gate insulating layer
140 may be made of an inorganic insulating material such as
a silicon nitride (SiNx), a silicon oxide (SiOx), and the like.
In addition, the gate insulating layer 140 may be provided as
a single layer or a multilayer.

[0051] A semiconductor 154 is provided on the gate
insulating layer 140. The semiconductor 154 may overlap
the gate electrode 124. The semiconductor 154 may further
be provided below a data line 171 as necessary. The semi-
conductor 154 may be made of amorphous silicon, poly-
crystalline silicon, a metal oxide, and the like.

[0052] An ohmic contact (not shown) may be further
provided on the semiconductor 154. The ohmic contact may
be made of a material such as n+ hydrogenated amorphous
silicon in which an n-type impurity is doped at a high
concentration. When the semiconductor 154 is made of the
metal oxide, the ohmic contact may be omitted.

[0053] The data line 171 and a drain electrode 175 that is
distanced from the data line 171 are provided on the semi-
conductor 154 and the gate insulating layer 140. The data
line 171 includes a source electrode 173, and the source
electrode 173 and the drain electrode 175 are disposed to
face each other.

[0054] The data line 171 transmits a data signal, and
mainly extends in the second direction D2 such that it
crosses the gate line 121. The data line 171 is provided
between microcavities 305 that are adjacent to each other in
the first direction D1. That is, the data line 171 is provided
in the second area V2. The data line 171 may be provided as
a straight line and thus is not bent.

[0055] As shown in FIG. 2, the source electrode 173 may
be placed on the same line as the data line 171 rather than
being protruded from the data line 171. The drain electrode
175 may include a bar-shaped portion that substantially
extends in parallel with the source electrode 173, and an
expansion portion 177 that is provided at the opposite side
of the bar-shaped portion.

[0056] The gate electrode 124, the source electrode 173,
and the drain electrode 175 form one thin film transistor
together with the semiconductor 154. The thin film transistor
may serve as a switch SW that transmits a data voltage of the
data line 171. In this case, a channel of the switch SW is
provided in the semiconductor 154 that is provided between
the source electrode 173 and the drain electrode 175.
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[0057] A passivation layer 180 is provided on the data line
171, the source electrode 173, the drain electrode 175, and
an exposed portion of the semiconductor 154. The passiva-
tion layer 180 may be made of an organic insulating material
or an inorganic insulating material, and may be provided as
a single layer or a multilayer.

[0058] A color filter 230 is provided in each pixel PX on
the passivation layer 180.

[0059] Each color filter 230 may display one of three
primary colors of red, green, and blue. The color filter 230
may also display cyan, magenta, yellow, a white-based
color, and the like. The color filter 230 may not be provided
in the first area V1 and/or the second area V2.

[0060] A light blocking member 220 is provided between
every neighboring color filter 230. The light blocking mem-
ber 220 is provided on a boundary between pixels PX and
the switch SW to prevent light leakage. That is, the light
blocking member 220 may be provided in the first areas V1
and the second areas V2. However, the present inventive
concept is not limited thereto, and the light blocking member
220 may be provided only in the first areas V1 and not in the
second areas V2. In this case, the color filters 30 in the
adjacent pixels PX may overlap each other in the second
area V2 such that light leakage can be prevented. The color
filter 230 and the light blocking member 220 may overlap
each other in some areas.

[0061] A firstinsulation layer 240 may be further provided
on the color filter 230 and the light blocking member 220.
The first insulation layer 240 may be made of an organic
insulating material, and may serve to planarize upper sutr-
faces of the color filter 230 and the light blocking member
220. The first insulation layer 240 may be provided as a
double layer that is formed of a layer made of an organic
insulating material and a layer made of an inorganic insu-
lating material. Alternatively, the first insulation layer 240
may be omitted as necessary.

[0062] A common electrode 270 is provided on the first
insulation layer 240. Common electrodes 270 provided in
the plurality of pixels PX are connected with each other
through a connection bridge 276 and the like such that they
can transmit substantially the same voltage. The common
electrode 270 provided in each pixel PX may have a planar
shape. The common electrode 270 may be provided as a
transparent metal oxide such as indium-tin oxide (ITO),
indium-zinc-oxide (IZ0), and the like.

[0063] The common electrode 270 may receive a common
voltage. The common voltage may be a constant voltage.

[0064] A second insulation layer 250 is provided on the
common electrode 270. The second insulation layer 250 may
be provided as an inorganic insulating layer such as a silicon
nitride (SiNx), a silicon oxide (SiOx), and the like.

[0065] A contact hole 185a that exposes a part of the drain
electrode 175, for example, the expansion portion 177, is
provided in the passivation layer 180, the light blocking
member 220, the first insulation layer 240, and the second
insulation layer 250.

[0066] A pixel electrode 191 is provided on the second
insulation layer 250. The pixel electrode 191 may be made
of a transparent metal oxide such as indium tin oxide (ITO),
indium zinc oxide (IZO), and the like. The pixel electrode
191 overlaps The common electrode 270. The pixel elec-
trode 191 and the common electrode 270 are separated from
each other by the second insulation layer 250. The second
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insulation layer 250 insulates the pixel electrode 191 and the
common electrode 270 from each other.

[0067] The pixel electrode 191 includes a plurality of
branch electrodes 193, first and second connection elec-
trodes 197 and 198 that connect the plurality of branch
electrodes 193, and an expansion portion 195 that is
expanded from the second connection electrode 198 and
overlaps the switch SW. The pixel electrode 191 is illus-
trated in FIG. 5.

[0068] The plurality of branch electrodes 193 extend in
parallel with each other. The plurality of branch electrodes
193 extend in two directions that are similar to the second
direction while forming a predetermined angle with respect
to the second direction D2. The extension directions of the
plurality of branch electrodes 193 and the second direction
D2 form an angle of about 5 to 10 degrees. The plurality of
branch electrodes 193 are substantially symmetrical to each
other with reference to an imaginary line IL. The imaginary
line IL. may be parallel with the first direction D1, and may
be formed in the center of the pixels PX. The plurality of
branch electrodes 193 are bent on the imaginary line IL. As
shown in FIG. 2 and FIG. 5, the plurality of branch elec-
trodes 193 may be bent once more at opposite end of the
branch electrodes 193 that are far off the imaginary line IL.
[0069] Referring to FIG. 5, the plurality of branch elec-
trodes 193 may include a first branch electrode 1934, a
second branch electrode 1935, a third branch electrode 193¢,
a fourth branch electrode 1934, a fifth branch electrode
193¢, a sixth branch electrode 193/, a seventh branch
electrode 193g, and an eighth branch electrode 193/%. In FIG.
2 and FIG. 5, the pixel electrode 191 includes 8 branch
electrodes 193, but the present inventive concept is not
restrictive. The pixel electrode 191 may include 8 or fewer
branch electrodes 193 or may include 8 or more branch
electrodes.

[0070] The first branch electrode 1934 includes a first
sub-branch electrode 19341 and a second sub-branch elec-
trode 193a2. The first sub-branch electrode 19341 and the
second sub-branch electrode 19342 are spaced apart from
each other on the imaginary line IL.

[0071] The first connection electrode 197 connects the first
branch electrode 1934 and the second branch electrode 1935
to each other. Particularly, the first connection electrode 197
may connect a first end of the first branch electrode 193a and
a first end of the second branch electrode 1935 to each other.
In this case, the first end may be a left end. The first
connection electrode 197 connects a first sub-branch elec-
trode 19341 and a second branch electrode 1936 to each
other. Ends of the third branch electrode 193¢, the fourth
branch electrode 1934, the fifth branch electrode 193¢, the
sixth branch electrode 193/ the seventh branch electrode
193g, and the eighth branch electrode 193/ may not be
respectively connected to each other at the first end of the
third branch electrode 193¢, the fourth branch electrode
1934, the fifth branch electrode 193¢, the sixth branch
electrode 193/, the seventh branch electrode 193g, and the
eighth branch electrode 1937.

[0072] The second connection electrode 198 connects the
plurality of branch electrodes 193. Particularly, the second
connection electrode 198 may connect second ends of the
plurality of branch electrodes 193 to each other. In this case,
the second end may be a right end. The second connection
electrode 198 connects the second sub-branch electrode
19342, the second branch electrode 1935, the third branch

Nov. 2, 2017

electrode 193¢, the fourth branch electrode 193d, the fifth
branch electrode 193¢, the sixth branch electrode 193/, the
seventh branch electrode 193¢, and the eighth branch elec-
trode 193/ to each other.

[0073] The expansion portion 195 is connected with the
second connection electrode 198, and overlaps the drain
electrode 175. Particularly, the expansion portion 195 of the
pixel electrode 191 may overlap the expansion portion 177
of the drain electrode 175. The expansion portion 195 of the
pixel electrode 191 is physically and electrically connected
with the drain electrode 195 through the contact hole 185a
and thus receives a voltage from the drain electrode 175.
[0074] A data voltage is applied to the pixel electrode 191.
The data voltage is transmitted to the pixel electrode 191
through the data line 171 when the switch SW is in the
turn-on state.

[0075] The layout form of the pixel, the structure of the
thin film transistor, the shape of the pixel electrode, and the
location and the shape of the common electrode described
above are just exemplified, and the present inventive con-
cept is not limited thereto and may be variously modified. In
addition, stacking sequences of the pixel electrode 191 and
the common electrode 270 may be changed with each other.
That is, in the above description, the second insulation layer
250 is provided on the common electrode 270 and the pixel
electrode 191 is provided on the second insulation layer 250,
but on the contrary, the insulation layer may be provided on
the pixel electrode and the common electrode may be
provided on the insulation layer. In addition, the pixel
electrode 191 may have a planar shape and the common
electrode 270 may include branch electrodes.

[0076] The microcavities 305 that are covered by the roof
layers 360 are provided on the pixel electrodes 191. The
microcavities 305 are surrounded by the pixel electrodes 191
and the roof layers 360. The plurality of microcavities 305
are provided on the substrate 110 and one microcavity 305
corresponds to one pixel in the drawing. However, the
present inventive concept is not limited thereto. A single
microcavity 305 may correspond to a plurality of pixels or
may correspond to a part of the pixel. A size of the
microcavity 305 may be variously modified depending on a
size and a resolution of the display device.

[0077] The roof layer 360 may be made of an organic
material. The roof layer 360 extends in the first direction D1
in a plan view, and is provided on the microcavity 305 and
the second area V2. The roof layer 360 covers an upper
surface and a part of side of the microcavity 305. The roof
layer 360 is hardened through a curing process so that it can
maintain the shape of the microcavity 305. The roof layer
360 is spaced apart from the pixel electrode 191, interposing
the microcavity 305 therebetween.

[0078] The roof layer 360 includes a column portion 365,
and the column portion 365 covers a part of the side of the
microcavity 305. The microcavities 305 that are adjacent to
each other along the first direction D1 are separated from
each other by the column portion 365. The column portion
365 extends along the second direction D2 in a plan view.
The column portion 365 overlaps the data line 171, and
extends in a direction that is parallel with the data line 171.
Like the data line 171, the column portion 365 is provided
as a straight line in a plan view and is not bent.

[0079] In the present exemplary embodiment, the pixel
electrode 191 is bent at least once, and the data line 171, the
roof layer 360, and the column portion 365 are provided as
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straight lines. Since the column portion 365 of the roof layer
360 is provided as a straight line, the planar shape of the
microcavity 305 may have an approximate quadrangular
shape. When the column portion 365 of the roof layer 360
has a bent portion on a plane, light leakage may occur. In the
present exemplary embodiment, the column portion 365 of
the roof layer 360 is provided as a straight line, and therefore
occurrence of light leakage at the periphery of the column
portion 365 of the roof layer 360 can be prevented.

[0080] In the present exemplary embodiment, the pixel
electrode 191 has a bent shape and the data line 171 has a
straight line shape. When the first sub-branch electrode
19341 and the second sub-branch electrode 19342 of the first
branch electrode 193¢ of the pixel electrode 191 at the
imaginary line IL are comnected to each other, the first
branch electrode 193a may overlap the data line 171.
Accordingly, a pixel PX that is adjacent to the first branch
electrode 193¢ may be electrically affected by the data
voltage applied to the first branch electrode 1934. In the
present exemplary embodiment, the first sub-branch elec-
trode 19341 and the second sub-branch electrode 19342 of
the first branch electrode 193a are set to be spaced apart
from each other so as to prevent the first branch electrode
1934 from overlapping the pixel electrode 191. Accordingly,
the adjacent pixel PX can be prevented from being electri-
cally affected.

[0081] In this case, second ends of the second sub-branch
electrode 193a2 of the first branch electrode 193a, the
second branch electrode 1934 the third branch electrode
193¢, the fourth branch electrode 1934, the fifth branch
electrode 193¢, the sixth branch electrode 193, the seventh
branch electrode 193g, and the eighth branch electrode 193%
are connected to each other by the second connection
electrode 198, and the second connection electrode 198 is
connected with the expansion portion 195 and thus the
second connection electrode 198 can receive the data volt-
age from the drain electrode 175.

[0082] The first sub-branch electrode 193al and the sec-
ond sub-branch electrode 19342 of the first branch electrode
193a are not connected with each other. The first sub-branch
electrode 193al is connected with the second branch elec-
trode 1935 by the first connection electrode 197 and thus
receives the data voltage from the drain electrode 175.
[0083] The roof layer 360 does not cover a part of each of
edge sides of the microcavity 305, and portions that are not
covered by the roof layer 360 are called injection holes 3074
and 3075. The injection holes 307a and 3075 include a first
injection hole 307a that exposes a first edge side of the
microcavity 305 and a second injection hole 3075 that
exposes a second edge side of the microcavity 305. The first
edge and the second edge face each other, and for example,
the first edge may be the left edge of the microcavity 305 and
the second edge may be the right edge of the microcavity in
the top plan view of FIG. 1. In a manufacturing process of
the display device, the injection holes 307a and 3075 are
exposed, and accordingly, an aligning agent or a liquid
crystal material can be injected into the microcavity 305
through the injection holes 3074 and 3075b.

[0084] Alignment layers 11 and 21 are respectively pro-
vided above the pixel electrode 191 and below the roof layer
360.

[0085] 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
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be provided as horizontal alignment layers, and may be
made of an aligning material such as polyamic acid, poly-
siloxane, polyimide, and the like. The first and second
alignment layers 11 and 21 may be connected with each
other at a side wall of the microcavity 305.

[0086] The first alignment layer 11 is provided above the
pixel electrode 191. The first alignment layer 11 may be
provided above the second insulating layer 240, which is not
covered by the pixel electrode 191. Further, the first align-
ment layer 11 may be provided in the first area V1.

[0087] The second alignment layer 21 is provided below
the roof layer 360 such that it faces the first alignment layer
11.

[0088] A liquid crystal layer formed of liquid crystal
molecules 310 is provided in the microcavity 305 provided
between the pixel electrode 191 and the roof layer 360. The
liquid crystal molecules 310 may have negative dielectric
anisotropy or positive dielectric anisotropy. A long-axis
direction of the liquid crystal molecules 310 of the liquid
crystal layer 3 are disposed in parallel to the substrate 110
while the electric field is not applied. That is, the liquid
crystal molecules 310 may be horizontally aligned.

[0089] The pixel electrode 191 supplied with the data
voltage through the switch SW generates an electric field
together with the common electrode 270 that is supplied
with a common voltage such that an alignment direction of
the liquid crystal molecules 310 of the liquid crystal layer 3
in the microcavity 305 can be determined. Particularly, the
branch electrode 193 of the pixel electrode 191 forms a
fringe field in the liquid crystal layer together with the
common electrode 270 such that the alignment direction of
the liquid crystal molecules 310 can be determined. Lumi-
nance of light passing through the liquid crystal layer is
changed depending on the determined alignment direction of
the liquid crystal molecules 310 such that an image is
displayed on a screen.

[0090] A third insulation layer 350 may further be pro-
vided under the roof layer 360. The third insulation layer 350
is provided between the second alignment layer 21 and the
roof layer 360. The third insulation layer 350 may be made
of an inorganic insulating material such as a silicon nitride
(SiNx), a silicon oxide (SiOx), and the like. The third
insulation layer 350 may be omitted as necessary.

[0091] A fourth insulation layer 370 may be further pro-
vided on the roof layer 360. The fourth insulation layer 370
may be made of an inorganic insulating material such as a
silicon nitride (SiNXx), a silicon oxide (SiOx), and the like.
The fourth insulation layer 370 may cover an upper surface
and/or side surfaces of the roof layer 360. The fourth
insulation layer 370 serves to protect the roof layer 360 that
is made of an organic material. The fourth insulation layer
370 may be omitted as necessary.

[0092] An encapsulation layer 390 is provided on the
fourth insulation layer 370. The encapsulation layer 390
covers the injection holes 307a and 3075 through which the
microcavity 305 is partially exposed to the outside. That is,
the encapsulation layer 390 seals the microcavity 305 to
prevent the liquid crystal molecules 310 in the microcavity
305 from being discharged to the outside. The encapsulation
layer 390 contacts the liquid crystal molecules 310, and
therefore it is preferably to be made of a material that does
not react with the liquid crystal molecules 310. For example,
the encapsulation layer 390 may be made of parylene.
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[0093] The encapsulation layer 390 may be provided as a
multilayer such as double layer and a triple layer. The double
layer is configured by two layers made of different materials.
The triple layer is configured by three layers, and materials
of adjacent layers are different from each other. For example,
the encapsulation layer 390 may include a layer made of an
organic insulating material and a layer made of an inorganic
insulating material.
[0094] Although not illustrated, polarizers may be further
formed on upper and lower surfaces of the display device.
The polarizers may be constituted by a first polarizer and a
second polarizer. The first polarizer may be attached to the
lower surface of the substrate 110, and the second polarizer
may be attached to the encapsulation layer 390.
[0095] While this disclosure has been described in con-
nection with what is presently considered to be practical
example embodiments, it is to be understood that the inven-
tive concept is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifica-
tions 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 pixel electrode connected to the thin film transistor;
a common electrode configured to overlap the pixel
electrode;
an insulation layer disposed between the pixel electrode
and the common electrode;
a roof layer spaced apart from the pixel electrode with a
plurality of microcavities disposed therebetween; and
a liquid crystal layer disposed in the microcavities,
wherein the pixel electrode comprises:
n branch electrodes that include a first branch electrode,
a second branch electrode, and an n-th branch electrode
that extend parallel with each other, a first connection
electrode that connects a first end of the first branch
electrode and a first end of the second branch electrode,
and
a second connection electrode that connects second ends
of the n branch electrodes,
where n is a natural number that is greater than or equal
to 3,
the n branch electrodes each has a shape that is bent at
least once on a plan view, and
the first branch electrode comprises a first sub-branch
electrode and a second sub-branch that are spaced apart
from each other.
2. The display device of claim 1, further comprising a gate
line and a data line that are connected to the thin film
transistor,
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wherein the gate line extends in a first direction,

the data line extends in a second direction that crosses the

first direction, and

the n branch electrodes extend in two directions that form

a predetermined angle with respect to the second direc-
tion.

3. The display device of claim 2, wherein the extension
direction of the n branch electrodes and the second direction
form an angle between 5 degrees to 10 degrees.

4. The display device of claim 2, wherein the first direc-
tion is a vertical direction, the second direction is a hori-
zontal direction, and the first direction and the second
direction perpendicularly cross each other.

5. The display device of claim 2, wherein the n branch
electrodes are symmetrical to each other with reference to an
imaginary line.

6. The display device of claim 5, wherein the imaginary
line is parallel with the first direction.

7. The display device of claim 6, wherein the n branch
electrodes are bent on the imaginary line.

8. The display device of claim 6, wherein the first sub-
branch electrode and the second sub-branch electrode are
disposed apart from each other on the imaginary line.

9. The display device of claim 2, wherein the roof layer
comprises a column portion that covers sides of each micro-
cavity, and the column portion extends in the second direc-
tion on a plane.

10. The display device of claim 1, wherein the n branch
electrodes further comprise a third branch electrode, a fourth
branch electrode, a fifth branch electrode, a sixth branch
electrode, a seventh branch electrode, and an eighth branch
electrode, and first ends of the third branch electrode, the
fourth branch electrode, the fifth branch electrode, the sixth
branch electrode, the seventh branch electrode, and the
eighth branch electrode are not connected with each other at
the first end.

11. The display device of claim 1, wherein the n branch
electrodes substantially extend in a same direction as date
lines extend, and

wherein each of the n branch electrodes has a bent portion

at a center except a branch electrode which has a
shortest distance from an adjacent data line.

12. The display device of claim 11, wherein the branch
electrode which has a shortest distance from an adjacent data
line is the first branch electrode.

13. The display device of claim 12, wherein the first
sub-branch electrode and the second sub-branch are spaced
apart from each other at the center.
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