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A display device is provided. The display device includes a
substrate including a plurality of pixel areas; a thin film tran-
sistor disposed on the substrate; a first insulating layer dis-
posed on the thin film transistor; a pixel electrode connected
to the thin film transistor and disposed on the first insulating
layer; a common electrode separated from the pixel electrode
with a microcavity interposed therebetween; a second insu-
lating layer disposed on the common electrode; a roof layer
disposed on the second insulating layer; a hydrophobic layer
disposed on the roof layer and including a plurality of pro-
trusions; an injection hole disposed in the common electrode,
the second insulating layer, and the roof layer, the injection
hole exposing a portion of the microcavity; a liquid crystal
layer for filling the microcavity; and an overcoat formed on
the rooflayer and covering the injection hole, so as to seal the
microcavity.
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DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0142250 filed in the
Korean Intellectual Property Office on Nov. 21, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND
[0002] (a) Technical Field
[0003] The present disclosure relates to a display device

and a manufacturing method thereof.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display, which is presently one of
the most widely used flat panel displays, typically includes
two substrates with field generating electrodes (such as a
pixel electrode and a common electrode) and a liquid crystal
layer interposed therebetween. An image is displayed by con-
trolling an amount of transmitted light in the liquid crystal
display. The amount of transmitted light is controlled based
on an alignment of the liquid crystal molecules in the liquid
crystal layer under the influence of an electric field (generated
by applying a voltage to the field generating electrodes).
[0006] Typically, two sheets of display panels may be used
as the substrates of the liquid crystal display. The two sheets
may include a thin film transistor array panel and an opposing
display panel. The thin film transistor array panel may include
a gate line for transferring a gate signal and a data line for
transferring a data signal, whereby the gate line and the data
line are formed crossing each other. The thin film transistor
array panel may further include a thin film transistor con-
nected with the gate line and the data line, and a pixel elec-
trode connected with the thin film transistor. The opposing
display panel may include a light blocking member, a color
filter, and a common electrode. In some particular instances,
the light blocking member, the color filter, and the common
electrode may be formed on the thin film transistor array
panel instead of the opposing display panel.

[0007] As mentioned above, two sheets of display panels
(i.e.two substrates) are typically used in a conventional liquid
crystal display, with the constituent elements of the liquid
crystal display formed on the respective substrate sheet.
Accordingly, the conventional liquid crystal display may be
heavy and have a thick form factor. Furthermore, the cost of a
conventional liquid crystal display may be high since more
materials are being used (and also longer processing time
since the two substrates have be to processed separately).
[0008] In manufacturing a conventional liquid crystal dis-
play, liquid crystal is typically applied at a liquid crystal
injection hole and injected into a microcavity after formation
of a roof layer. In some instances, some of the liquid crystal
may remain on the roof layer, thereby causing light leakage.
[0009] To reduce the light leakage, a hydrophobic treat-
ment may be applied to a top surface of the roof layer, and the
remaining liquid crystal may then be removed using, for
example, an air blowing method. However, in some instances,
the liquid crystal injection hole may be inadvertently subject
to the hydrophobic treatment, causing the liquid crystal injec-
tion hole to be hydrophobic, which subsequently interferes
with the injection of the liquid crystal into the microcavity.
Furthermore, in some instances, the hydrophobic chemical
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surface treatment on the roof layer surface may cause defects
in the alignment layer of the microcavity.

SUMMARY

[0010] The present disclosure is directed to address at least
the above issues relating to display device form factor, light
leakage, and the hydrophobic treatment of roof layers.
[0011] According to some embodiments of the inventive
concept, a display device is provided. The display device
includes a substrate including a plurality of pixel areas; a thin
film transistor disposed on the substrate; a first insulating
layer disposed on the thin film transistor; a pixel electrode
connected to the thin film transistor and disposed on the first
insulating layer; a common electrode separated from the pixel
electrode with a microcavity interposed therebetween; a sec-
ond insulating layer disposed on the common electrode; a
roof layer disposed on the second insulating layer; a hydro-
phobic layer disposed on the roof layer and including a plu-
rality of protrusions; an injection hole disposed in the com-
mon electrode, the second insulating layer, and the roof layer,
the injection hole exposing a portion of the microcavity; a
liquid crystal layer for filling the microcavity; and an overcoat
formed on the rooflayer and covering the injection hole, so as
to seal the microcavity.

[0012] Insomeembodiments, the protrusions may render a
surface of the hydrophobic layer hydrophobic.

[0013] Insomeembodiments, an angle between the protru-
sions and a top surface of the roof layer may be substantially
greater than about 70 degrees.

[0014] Insome embodiments, a surface of the microcavity
may be hydrophilic.

[0015] In some embodiments, the protrusions may form a
predetermined nanopattern.

[0016] Insomeembodiments, the protrusions and the over-
coat may be formed of a same material.

[0017] Insomeembodiments, a material of the protrusions
may include an imprint resin.

[0018] In some embodiments, the second insulating layer
may include at least one of silicon nitride, silicon oxide, and
silicon oxynitride.

[0019] Insome embodiments, the display device may fur-
ther include athird insulating layer disposed on the roof layer.
[0020] In some embodiments, the third insulating layer
may include at least one of silicon nitride, silicon oxide, and
silicon oxynitride.

[0021] According to some other embodiments of the inven-
tive concept, a method for manufacturing a display device is
provided. The method includes forming a thin film transistor
on a substrate; forming a first insulating layer on the thin film
transistor; forming a pixel electrode connected to the thin film
transistor on the first insulating layer; forming a sacrificial
layer on the pixel electrode; forming a common electrode on
the sacrificial layer; forming a second insulating layer on the
common electrode; forming a roof layer by applying an
organic material to the second insulating layer; forming a
hydrophobic layer including a plurality of protrusions on the
roof layer; patterning the roof layer and the hydrophobic
layer, and etching and exposing the sacrificial layer with
respect to the patterned roof layer and the hydrophobic layer;
forming a microcavity between the pixel electrode and the
common electrode by removing the exposed sacrificial layer;
forming a liquid crystal layer by injecting a liquid crystal
material into the microcavity; and sealing the microcavity by
forming an overcoat on the roof layer.



US 2015/0138469 A1

[0022] In some embodiments, the hydrophobic layer may
be formed by a nanoimprint process.

[0023] Insomeembodiments, an angle between the protru-
sions and a top surface of the roof layer may be substantially
greater than about 70 degrees, and the protrusions may render
a surface of the hydrophobic layer hydrophobic.

[0024] In some embodiments, the nano imprint process
may further include applying a resin to the roof layer by using
a nanoimprint mold, and hardening the applied resin.

[0025] Insome embodiments, the hardening of the applied
resin may include heat hardening or UV hardening.

[0026] In some embodiments, the protrusions may form a
predetermined nanopattern.

[0027] Insomeembodiments, the protrusions and the over-
coat may be formed of a same material.

[0028] In some embodiments, the second insulating layer
may include at least one of silicon nitride, silicon oxide, and
silicon oxynitride.

[0029] In some embodiments, the method may further
include forming a third insulating layer on the roof layer.
[0030] In some embodiments, the third insulating layer
may include at least one of silicon nitride, silicon oxide, and
silicon oxynitride.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 shows a top plan view of a display device
according to an exemplary embodiment of the inventive con-
cept.

[0032] FIG. 2 shows a top plan view of a pixel of a display
device according to an exemplary embodiment of the inven-
tive concept.

[0033] FIG. 3 shows a cross-sectional view of the display
device along line III-11I of FIG. 1.

[0034] FIG. 4 shows a cross-sectional view of the display
device along line TV-IV of FIG. 1.

[0035] FIGS. 5 to 9 show cross-sectional views of the dis-
play device along line ITI-IIT of FIG. 1 at different stages of
fabrication according to an exemplary method of manufac-
turing the display device.

[0036] FIGS. 10 to 12 are images of the protrusions of a
hydrophobic layer according to an exemplary embodiment of
the inventive concept.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0037] The present inventive concept will be described
more fully herein with reference to the accompanying draw-
ings, in which exemplary embodiments of the inventive con-
cept are shown. As those skilled in the art would realize, the
described embodiments may be modified in various different
ways without departing from the spirit or scope of the present
disclosure.

[0038] In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. 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 disposed directly on the other
element or with one or more intervening elements being
present. In contrast, when an element is referred to as being
“directly on” another element, there are no intervening ele-
ments present.
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[0039] FIG. 1 shows a top plan view of a display device
according to an exemplary embodiment of the inventive con-
cept.

[0040] The display device includes a substrate 110 formed
of glass or plastic. The substrate 110 includes a plurality of
pixel areas (PX). The pixel areas (PX) may be disposed as a
matrix including a plurality of pixel rows and a plurality of
pixel columns. Each pixel area (PX) may include a first sub-
pixel area (PXa) and a second sub-pixel area (PXb). As shown
in FIG. 1, the first sub-pixel area (PXa) and the second sub-
pixel area (PXb) may be disposed on the substrate 110 from
top to bottom.

[0041] A first valley (V1) is disposed between the first
sub-pixel area (PXa) and the second sub-pixel area (PXb) in
the pixel row direction, and a second valley (V2) is disposed
between the pixel columns.

[0042] Ttshould be noted that the above-described configu-
ration of the display device is merely exemplary and can be
modified in various ways. For example, the locations of the
pixel areas (PX), the first valley (V1), and the second valley
(V2) may be modified accordingly by those skilled in the art.
In some embodiments, common electrodes 270 (that are dis-
posed on different pixel rows) can be connected at a point
where the first valley (V1) and the second valley (V2) cross.
[0043] Next, a pixel of a display device according to an
exemplary embodiment of the inventive concept will be
described with reference to FIGS. 1 to 4.

[0044] FIG. 2 shows a top plan view of a pixel of a display
device according to an exemplary embodiment of the inven-
tive concept. FIG. 3 shows a cross-sectional view of the
display device along line III-11I of FIG. 1. FIG. 4 shows a
cross-sectional view of the display device along line IV-IV of
FIG. 1.

[0045] Referring to FIG. 2, a plurality of gate conductors
including a plurality of gate lines 121, a plurality of step-
down gate lines 123, and a plurality of storage electrode lines
131 are formed on the substrate 110.

[0046] The gate line 121 and the step-down gate line 123
transmit a gate signal and extend primarily in a horizontal
direction. The gate conductors further include a first gate
electrode 124/ and a second gate electrode 124/ protruding
upward and downward respectively from the gate line 121,
and a third gate electrode 124¢ protruding upward from the
step-down gate line 123. The first gate electrode 1244 and the
second gate electrode 124/ are connected to each other to
form a protrusion. It should be noted that the protrusions of
the first, second, and third gate electrodes 1244, 124/, and
124¢ can be changed having different shapes.

[0047] The storage electrode line 131 transmits a predeter-
mined voltage (such as the common voltage (Vcom)) and
extends primarily in a horizontal direction. The storage elec-
trode line 131 includes a storage electrode 129 protruding
upward and downward from the storage electrode line 131, a
pair of vertical units 134 extending substantially perpendicu-
lar to the gate line 121, and a horizontal unit 127 connecting
the ends of the vertical units 134. The horizontal unit 127
includes a capacitor electrode 137 extending downward from
the horizontal unit 127.

[0048] Referring to FIGS. 2-4, a gate insulating layer 140 is
formed on the gate conductors 121, 123, 1244, 124/, 124c,
and 131. The gate insulating layer 140 may be formed of an
inorganic insulating material (such as silicon nitride (SiNx),
silicon oxide (S10,), or silicon oxynitride (310, N, )). Further-
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more, the gate insulating layer 140 may be formed as a single
layer, or as a multi-layered structure comprising multiple
layers.

[0049] A first semiconductor 1544, a second semiconduc-
tor 154/, and a third semiconductor 154¢ are formed on the
gate insulating layer 140. The first semiconductor 154/ may
be formed on the first gate electrode 1244, the second semi-
conductor 154/ may be formed on the second gate electrode
124/, and the third semiconductor 154¢ may be formed on the
third gate electrode 124¢. The first semiconductor 1542 may
be connected to the second semiconductor 154/, and the sec-
ond semiconductor 154/ may be connected to the third semi-
conductor 154¢. Also, the first semiconductor 154~ may
extend to a bottom part of a data line 171. The first to third
semiconductors 1544, 154/, and 154¢ may be formed of
amorphous silicon, polycrystalline silicon, or a metal oxide.
[0050] An ohmic contact (not shown) can be formed on
each of the first to third semiconductors 154/, 154/, and 154c¢.
The ohmic contact can be formed of a material such as n+
hydrogenated amorphous silicon doped with silicide ora high
concentration of an n-type impurity.

[0051] A plurality of data conductors are formed on the first
to third semiconductors 154/, 154/, and 154¢. The data con-
ductors include the data line 171, a first source electrode
1734, a second source electrode 173/, a third source electrode
173c, a first drain electrode 175k, a second drain electrode
175!, and a third drain electrode 175¢.

[0052] The data line 171 transmits a data signal, and
extends primarily in a vertical direction crossing the gate line
121 and the step-down gate line 123. The data line 171
includes the first source electrode 173/ and the second source
electrode 173/ extending toward the first gate electrode 124/
and the second gate electrode 124/, respectively, and the first
source electrode 1734 and the second source electrode 173/
are connected to each other.

[0053] Each of the first drain electrode 1754, second drain
electrode 175/, and third drain electrode 175¢ includes a wide
first end portion and a bar-type second end portion. The
bar-type second end portions of the first drain electrode 175%
and the second drain electrode 175/ are partially surrounded
by the first source electrode 173% and the second source
electrode 173/. The wide first end portion of the second drain
electrode 175/ extends to form the U-shaped third source
electrode 173¢. A wide end portion 177¢ of the third drain
electrode 175¢ overlaps the capacitor electrode 137 to form a
step-down capacitor (Cstd), and the bar-type end portion of
the third drain electrode 175¢ is partially surrounded by the
third source electrode 173¢.

[0054] The first gate electrode 124k, the first source elec-
trode 1734, and the first drain electrode 1754k, together with
the first semiconductor 1544, collectively constitute a first
thin film transistor (Qh). The second gate electrode 124/, the
second source electrode 173/, and the second drain electrode
1751, together with the second semiconductor 154/, collec-
tively constitute a second thin film transistor (Ql). The third
gate electrode 124c, the third source electrode 173¢, and the
third drain electrode 175 cm, together with the third semicon-
ductor 154¢, collectively constitute a third thin film transistor
Qo).

[0055] The first semiconductor 1544, the second semicon-
ductor 154/, and the third semiconductor 154¢ can be con-
nected to each other to form a linear shape. In particular, the
first semiconductor 1544, the second semiconductor 154/,
and the third semiconductor 154¢ may be formed having
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substantially a same planar shape as the data conductors 171,
1734, 173/, 173¢, 175k, 175/, and 175¢ and the ohmic con-
tacts below the data conductors (except at a channel region
between the source electrodes 173/, 173/, and 173¢ and the
drain electrodes 175k, 1751, and 175¢).

[0056] A portion of the first semiconductor 154/ is not
covered by the first source electrode 173/ and the first drain
electrode 175k (i.e. a portion of the first semiconductor 154/
is exposed between the first source electrode 1737 and the
first drain electrode 175%). Similarly, a portion of the second
semiconductor 154/ is not covered by the second source elec-
trode 173/ and the second drain electrode 175/ (i.e. a portion
of the second semiconductor 154/ is exposed between the
second source electrode 173/ and the second drain electrode
175]). Likewise, a portion of the third semiconductor 154c¢ is
not covered by the third source electrode 173¢ and the third
drain electrode 175¢ (i.e. a portion of the third semiconductor
154¢ 1s exposed between the third source electrode 173¢ and
the third drain electrode 175¢).

[0057] Referring to FIGS. 2-4, a passivation layer 180 is
formed on the data conductors 171, 1734, 173/, 173¢, 175h,
1751, and 175¢, and on the exposed portions of the semicon-
ductors 1545, 154/, and 154¢ between the source electrodes
173%,173/, and 173 ¢ and the drain electrodes 1754, 175/, and
175¢. The passivation layer 180 may be formed of an organic
insulating material or an inorganic insulating material. The
passivation layer 180 may be formed as a single layer, orasa
multi-layered structure comprising multiple layers.

[0058] A color filter 230 15 formed in the pixel area (PX) on
the passivation layer 180. Each color filter 230 is capable of
displaying one of primary colors (such as red, green, or blue).
However, the color filter 230 is not limited to the three pri-
mary colors red, green, and blue. In some embodiments, the
color filter 230 can also display cyan, magenta, yellow, and
white-based colors. In some embodiments (not shown), the
color filter 230 can extend in the column direction along the
neighboring data lines 171.

[0059] A light blocking member 220 is formed in a region
between neighboring color filters 230. The light blocking
member 220 is formed on a boundary of the pixel area (PX)
and the thin film transistor so as to prevent light leakage. The
light blocking member 220 extends along the gate line 121
and upward and downward from the step-down gate line 123.
The light blocking member 220 includes a horizontal light
blocking member 220a covering a region in which the first
thin film transistor (Qh), the second thin film transistor (Ql),
and the third thin film transistor (Qc) are disposed. The light
blocking member 220 further includes a vertical light block-
ing member 2205 extending along the data line 171. That is,
the horizontal light blocking member 2204 may be formed in
the first valley (V1), and the vertical light blocking member
220 may be formed in the second valley (V2). The color filter
230 may overlap the light blocking member 220 in a prede-
termined region.

[0060] A first insulating layer 240 may be formed on the
color filter 230 and the light blocking member 220. The first
insulating layer 240 may be formed of an inorganic insulating
material (such as silicon nitride (SiNx), silicon oxide (SiO,),
or silicon oxynitride (SiO,N, )). The first insulating layer 240
serves to protect the color filter 230 and the light blocking
member 220. In some particular embodiments, the first insu-
lating layer 240 may be omitted.

[0061] A plurality of first contact holes 185/ and second
contactholes 185/ are formed on the first insulating layer 240,
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the light blocking member 220, and the passivation layer 180.
The first contact holes 185/ expose a wide end portion of the
first drain electrode 175%, and the second contact holes 185/
expose a wide end portion of the second drain electrode 175/.

[0062] A pixel electrode 191 is formed on the first insulat-
ing layer 240. The pixel electrode 191 can be formed of a
transparent metallic material (such as indium-tin oxide (ITO)
or indium-zinc oxide (1Z0)).

[0063] The pixel electrode 191 includes a first sub-pixel
electrode 191/ and a second sub-pixel electrode 191/ sepa-
rated from each other with the gate line 121 and the step-down
gate line 123 interposed therebetween. The first sub-pixel
electrode 191/ and the second sub-pixel electrode 191/ are
disposed at a top and a bottom of the pixel area PX with
respect to the gate line 121 and the step-down gate line 123,
and neighbor each other in the column direction. That is, the
first sub-pixel electrode 191% is separated from the second
sub-pixel electrode 191/ with the first valley (V1) disposed
therebetween, the first sub-pixel electrode 191/ is disposed in
the first sub-pixel area (PXa), and the second sub-pixel elec-
trode 191/ is disposed in the second sub-pixel area (PXb).

[0064] The first sub-pixel electrode 191/ and the second
sub-pixel electrode 191/ are connected to the first drain elec-
trode 175k and the second drain electrode 175/ through the
first contact hole 185/ and the second contact hole 185/,
respectively. As such, when the first thin film transistor (Qh)
and the second thin film transistor (Ql) are turned on, they
receive a data voltage from the first drain electrode 175/ and
the second drain electrode 175/, respectively.

[0065] The first sub-pixel electrode 191/ and the second
sub-pixel electrode 191/ have a quadrangular shape. The first
sub-pixel electrode 191/ and the second sub-pixel electrode
191/ include a cross stem having horizontal stems 193/ and
193/ and vertical stems 192/ and 192/ crossing the horizontal
stems 193/ and 193/. The first sub-pixel electrode 191/ and
the second sub-pixel electrode 191/ also include a plurality of
minute branches 194/ and 194/ and protrusions 197k and
197/ protruding upward or downward from the edges of the
sub-pixel electrodes 191/ and 191/

[0066] The pixel electrode 191 is divided into four sub-
regions by the horizontal stems 193% and 193/ and the vertical
stems 192/ and 192/. The minute branches 194/ and 194/
extend obliquely from the horizontal stems 1934 and 193/ and
the vertical stems 192% and 192/, at an angle of about 45
degrees or about 135 degrees with respect to the gate line 121
or the horizontal stems 1934 and 193/. In some embodiments,
the minute branches 194/ and 194/ of two neighboring sub-
regions may be arranged orthogonal to each other.

[0067] The first sub-pixel electrode 191/ further includes
an outer stem surrounding an outer part of the first sub-pixel
electrode 191/4. The second sub-pixel electrode 191/ further
includes a horizontal unit disposed at an upper end and a
lower end of the second sub-pixel electrode 191/, and a left/
right vertical unit 198 disposed at the left and right of the first
sub-pixel electrode 191/%. The left/right vertical unit 198 can
prevent capacitive coupling between the data line 171 and the
first sub-pixel electrode 1914.

[0068] It should be noted that the structure of the thin film
transistor and the shape of the pixel electrode described above
are merely exemplary, and that the inventive concept is not
limited thereto. One of ordinary skill in the art would appre-
ciate that the above-described embodiments and configura-
tions may be modified in various ways.

May 21,2015

[0069] A common electrode 270 is formed on the pixel
electrode 191, and spaced apart from the pixel electrode 191
by a predetermined distance. A microcavity 305 is formed
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. It should be
noted that a width and an area of the microcavity 305 may be
modified accordingly depending on a required resolution of
the display device.

[0070] The common electrode 270 may be formed of a
transparent metal material (such as indium tin oxide (ITO) or
indium zinc oxide (IZ0)). A predetermined voltage may be
applied to the common electrode 270, and an electric field
may be generated between the pixel electrode 191 and the
commor electrode 270.

[0071] The common electrode 270 is formed directly in
contact with the first insulating layer 240 at the second valley
(V2), and may be formed covering a left side and a right side
of the microcavity 305. That is, the common electrodes 270
are connected to each other along the plurality of pixel rows.
Since the microcavity 305 is formed above a portion of the
common electrode 270 disposed at the second valley (V2), a
height of the portion of the common electrode 270 disposed at
the second valley (V2) may be less than a height of another
portion of the common electrode 270 disposed in the pixel
area (PX).

[0072] Insomeembodiments, the common electrode 270 is
not formed in a partial region of the first valley (V1). That is,
the common electrode 270 does not cover a portion of the
upper side and the lower side of the pixel area (PX), and thus
aportion of the microcavity 305 is exposed to the outside. The
portion where the microcavity 305 is exposed to the outside is
called a liquid crystal injection hole 307. The liquid crystal
injection hole 307 is formed at the first valley (V1), and a
liquid crystal material is injected into the microcavity 307
through the liquid crystal injection hole 307.

[0073] As mentioned above, the common electrode 270
covers the left side and the right side of the microcavity 305,
but does not cover at least a portion of the upper side and the
lower side of the pixel area (PX). However, the inventive
concept is not limited to the above-described embodiment. In
some embodiments, the common electrode 270 may be
formed covering another side of the microcavity 305. For
example, the common electrode 270 may be formed covering
the upper side and the lower side of the microcavity 305, but
does not cover aportion of the left side and the right side of the
pixel area (PX). In this case, the liquid crystal injection hole
307 may be formed at the second valley (V2).

[0074] Aliquid crystal layer comprising liquid crystal mol-
ecules 310 is formed in the microcavity 305 disposed between
the pixel electrode 191 and the common electrode 270. The
liquid crystal molecules 310 have negative dielectric anisot-
ropy, and may align in a direction perpendicular to a surface
of'the substrate 110 in the absence of an electric field. That is,
vertical alignment of the liquid crystal molecules 310 may be
performed when an electric field is not applied.

[0075] A first alignment layer 11 is formed on the pixel
electrode 191. The first alignment layer 11 may also be
formed on a portion of the first insulating layer 240 that is not
covered by the pixel electrode 191.

[0076] A second alignment layer 21 is formed below the
common electrode 270 facing the first alignment layer 11.
[0077] The first alignment layer 11 and the second align-
ment layer 21 may correspond to vertical alignment layers,



US 2015/0138469 A1

and may be formed of materials such as polyamic acid, pol-
ysiloxane, or polyimide. The first and second alignment lay-
ers 11 and 21 may be connected to each other at the edge of the
pixel area (PX).

[0078] An electric field is generated by the first subpixel
electrode 191/ and the second subpixel electrode 1917 (to
which the data voltages are applied) and the common elec-
trode 270. The electric field controls the directions of the
liquid crystal molecules 310 disposed in the microcavity 305
between the two electrodes 191 and 270.

[0079] Consequently, the luminance of light passing
through the liquid crystal layer can vary according to the
directions of the liquid crystal molecules 310.

[0080] A second insulating layer 350 may be formed on the
common electrode 270. The second insulating layer 350 may
be formed of an inorganic insulating material (such as silicon
nitride (SiNx), silicon oxide (Si0,), or silicon oxynitride
(5i0,N,)). Insome particular instances, the second insulating
layer 350 may be omitted.

[0081] A rooflayer 360 is formed on the second insulating
layer 350. The roof layer 360 may be formed of an organic
material. The microcavity 305 is formed below the roof layer
360, and a shape of the microcavity 305 may be maintained by
the roof layer 360.

[0082] Similarto the common electrode 270, therooflayers
360 are connected to each other along the plurality of pixel
rows. The liquid crystal injection hole 307 is formed along the
first valley (V1) in the roof layer 360 and thus a portion of the
microcavity 305 is exposed to the outside.

[0083] In manufacturing a conventional liquid crystal dis-
play, liquid crystal is typically applied at a liquid crystal
injection hole and injected into the microcavity after the
formation of the roof layer. In some instances, some of the
liquid crystal may remain on the roof layer, thereby causing
light leakage.

[0084] To reduce the light leakage, a hydrophobic treat-
ment is applied to a top surface of the roof layer, and the
remaining liquid crystal is then removed using an air blowing
method. However, in some instances, the liquid crystal injec-
tion hole may be inadvertently subject to the hydrophobic
treatment, causing the liquid crystal injection hole to be
hydrophobic, which subsequently interferes with the injec-
tion of the liquid crystal into the microcavity. Furthermore, in
some instances, the hydrophobic chemical surface treatment
on the roof layer surface may cause defects in the alignment
layer of the microcavity.

[0085] The inventive concept can overcome the above
issues relating to existing hydrophobic treatments, by provid-
ing a hydrophobic layer 380 including a plurality of protru-
sions 384 on the roof layer 360.

[0086] The protrusions 384 of the hydrophobic layer 380
are formed by a nanoimprint process. In some embodiments,
a single protrusion 384 is formed having a size ranging from
about several hundred nanometers to about several microme-
ters. Further, as shown in FIGS. 3 and 4, the protrusions 384
can be formed in series as a single protrusion body. In this
instance, the protrusions 384 can form a nanopattern having a
constant size and pitch.

[0087] Each protrusion 384 has a constant height with
respect to a top surface of the roof layer 360 and forms a
predetermined angle with the top surface of the roof layer
360. In some embodiments, an angle between one side of the
protrusion 384 and the top surface of the roof layer 360 may
be substantially greater than 70 degrees. In some other
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embodiments, an angle between one side of the protrusion
384 and the top surface of the roof layer 360 may be substan-
tially greater than 100 degrees. When the liquid crystal is
applied to the top surface of the roof layer 360 and a contact
angle is greater than 70 degrees, the remaining liquid crystal
can then be easily removed from the top surface of the roof
layer 360. As such, the protrusions 384 allow the remaining
liquid crystal to be easily removed.

[0088] Since the inventive concept does not require pet-
forming a hydrophobic chemical surface treatment, only the
top surface of the hydrophobic layer 380 is hydrophobic,
whereas the surfaces in the microcavity 305 and the liquid
crystal injection hole 307 are hydrophilic. Accordingly, the
liquid crystal can be injected smoothly into the microcavity
305 (due to the hydrophilic surfaces). Also, the integrity of the
alignment layers 11 and 21 is maintained since the alignment
layers are not subject to any hydrophobic chemical surface
treatment.

[0089] As described above, the protrusions 384 can be
formed through a nanoimprint process. Nevertheless, those
skilled in the art would readily appreciate that any other
appropriate methods can be used to form the hydrophobic
protrusions 384.

[0090] In forming a plurality of protrusions 384 through an
imprint process, the hydrophobic layer 380 may include an
imprint resin (such as polymethyl methacrylate (PMMA), an
acryl-based resin, or an acrylate-based resin). In some other
embodiments, the hydrophobic layer 380 may include a same
material as an overcoat 390. When the hydrophobic layer 380
1s formed of the same material as the overcoat 390, the adhe-
sion between the hydrophobic layer 380 and the overcoat 390
can be improved.

[0091] A third insulating layer 370 may be formed on the
hydrophobic layer 380. The third insulating layer 370 may be
formed of an inorganic insulating material (such as silicon
nitride (SiNx), silicon oxide (Si0,), or silicon oxynitride
(8iO,N,)). The third insulating layer 370 may be formed
covering the upper side and the lateral sides of the roof layer
360. The third insulating layer 370 serves to protect the roof
layer 360. In some particular embodiments, the third insulat-
ing layer 370 may be omitted.

[0092] The overcoat 390 may be formed on the third insu-
lating layer 370. The overcoat 390 is formed covering the
liquid crystal injection hole 307 (where a portion of the
microcavity 305 is exposed to the outside). That is, the over-
coat 390 may seal the microcavity 305 such that the liquid
crystal molecules 310 formed in the microcavity 305 are not
discharged to the outside. Since the overcoat 390 comes into
contact with the liquid crystal molecules 310, the overcoat
390 may be formed of a material that does not react with the
liquid crystal molecules 310. For example, the overcoat 390
may be formed of parylene or other similar materials.

[0093] The overcoat 390 may be formed as a multilayer
structure (such as a double layer or a triple layer structure).
The double layer structure includes two layers formed of
different materials. The triple layer structure includes three
layers, and the materials in adjacent layers are different from
each other. For example, the overcoat 390 may include a layer
formed of an organic insulating material or a layer formed of
an inorganic insulating material.

[0094] Although not illustrated, polarizers may be formed
on the upper and lower surfaces of the display device. The
polarizers may include a first polarizer and a second polarizer.
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The first polarizer may be attached onto the lower side of the
substrate 110, and the second polarizer may be attached onto
the overcoat 390.

[0095] Next, a method for manufacturing a display device
according to an exemplary embodiment of the inventive con-
cept will be described with reference to FIGS. 5 to 9.

[0096] Specifically, FIGS. 5 to 9 show cross-sectional
views of the display device along line III-IIT of FIG. 1 at
different stages of fabrication.

[0097] First, a gate line 121 and a step-down gate line 123
are formed extending in a first direction on a substrate 110.
The substrate 110 may be formed of glass or plastic. A first
gate electrode 124/, a second gate electrode 124/, and a third
gate electrode 124c¢ protruding from the gate line 121 are also
formed on the substrate 110.

[0098] A storage electrode line 131 may be formed on the
substrate 110, such that the storage electrode line 131 is
spaced apart from the gate line 121, the step-down gate line
123, and the first to third gate electrodes 124%,124/, and 124c.
[0099] Next, a gate insulating layer 140 is formed over the
entire surface of the substrate 110 (i.e. onthe gate line 121, the
step-down gate line 123, the first to third gate electrodes 1247,
124/, and 124c, and the storage electrode line 131). The gate
insulating layer 140 may be formed of an inorganic insulating
material (such as silicon oxide (SiOx), silicon nitride (SiNx),
or silicon oxynitride (SiO,N )). The gate insulating layer 140
may be formed as a single layer, or as a multi-layered struc-
ture comprising multiple layers.

[0100] Next, afirst semiconductor 1544, a second semicon-
ductor 154/, and a third semiconductor 154¢ are formed on
the gate insulating layer 140, The first, second, and third
semiconductors 1545, 154/, and 154¢ may be formed by
depositing a semiconductor material (such as amorphous sili-
con, polycrystalline silicon, or a metal oxide) and subse-
quently patterning the semiconductor material. The first
semiconductor 1544 may be disposed on the first gate elec-
trode 124/, the second semiconductor 154/ may be disposed
on the second gate electrode 124/, and the third semiconduc-
tor 154¢ may be disposed on the third gate electrode 124c¢.
[0101] A data line 171 is formed extending in a second
direction on the gate insulating layer 140. The data line 171
may be formed by depositing a metallic material and subse-
quently patterning the metallic material. The metallic mate-
rial may be formed as a single layer, or as a multi-layered
structure comprising multiple layers.

[0102] Next, a first source electrode 1734 protruding above
the first gate electrode 1244 from the data line 171 and a first
drain electrode 175/ spaced apart from the first source elec-
trode 173/ are formed together. A second source electrode
173/ connected with the first source electrode 173% and a
second drain electrode 175/ spaced apart from the second
source electrode 173/ are formed together. A third source
electrode 173¢ extending from the second drain electrode
175/ and a third drain electrode 175¢ spaced apart from the
third source electrode 173¢ are formed together.

[0103] The first to third semiconductors 1544, 154/, and
154c¢, the data line 171, the first to third source electrodes
173%, 173/, and 173¢, and the first to third drain electrodes
175k, 1751, and 175¢ may be formed by sequentially depos-
iting a semiconductor material and a metallic material, and
then patterning the semiconductor material and the metallic
material at the same time. In this case, the first semiconductor
154/ may be formed extending to the lower portion of the data
line 171.
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[0104] The first gate electrode 1244, the first source elec-
trode 1734, and the first drain electrode 1754k, together with
the first semiconductor 1544, collectively constitute a first
thin film transistor (Qh). The second gate electrode 124/, the
second source electrode 173/, and the second drain electrode
1751, together with the second semiconductor 154/, collec-
tively constitute a second thin film transistor (Ql). The third
gate electrode 124c, the third source electrode 173¢, and the
third drain electrode 175 cm, together with the third semicon-
ductor 154¢, collectively constitute a third thin film transistor
Qo).

[0105] A passivation layer 180 is formed on the data line
171, the first to third source electrodes 1734, 173/, and 173c¢,
the first to third drain electrodes 175/, 175/, and 175¢, and on
the exposed portions of the semiconductors 154/, 154/, and
154¢ between the source electrodes 173/4/173//173¢ and the
drain electrodes 175/4/175//175¢. The passivation layer 180
may be formed of an organic insulating material or an inot-
ganic insulating material. The passivation layer 180 may be
formed as a single layer, or as a multi-layered structure com-
prising multiple layers. A color filter 230 is formed on the
passivation layer 180 in each pixel area PX.

[0106] The color filters 230 having a same color may be
formed in a column direction of the plurality of pixel areas
(PXs). When forming color filters 230 having three colors, a
first colored color filter 230 may be formed and a second
colored color filter 230 may be subsequently formed by shift-
ing a mask. Similarly, a third colored color filter 230 may be
formed by shifting a mask after forming the second colored
color filter 230.

[0107] Alight blocking member 220 is formed on a bound-
ary of each pixel area PX on the passivation layer 180 and the
thin film transistor.

[0108] As described above, the light blocking member 220
is formed after forming the color filters 230, but the inventive
concept is not limited thereto. In some embodiments, the light
blocking member 220 may be formed before forming the
color filters 230.

[0109] A first insulating layer 240 is formed on the color
filter 230 and the light blocking member 220. The first insu-
lating layer 240 may be formed of an inorganic insulating
material (such as silicon nitride (SiNx), silicon oxide (3i0,),
ot silicon oxynitride (SiO, N, )).

[0110] A first contact hole 185/ and a second contact hole
185/ are formed by etching the passivation layer 180, the light
blocking member 220, and the first insulating layer 240, so as
to expose a portion of each of the first drain electrode 175k
and the second drain electrode 175/.

[0111] A first subpixel electrode 1917 is formed in the first
subpixel area PXa and a second subpixel electrode 191/ is
formed in the second subpixel area PXb. The first subpixel
electrode 191/ and the second subpixel electrode 191/ are
formed by depositing and patterning a transparent metal
material (such as indium tin oxide (ITO) or indium zinc oxide
(IZ0)) on the first insulating layer 240. The first subpixel
electrode 191/ and the second subpixel electrode 191/ are
separated from each other with the first valley (V1) interposed
therebetween. The first subpixel electrode 1914 is connected
with the first drain electrode 175/ through the first contact
hole 185/, and the second subpixel electrode 191/ is con-
nected with the second drain electrode 175/ through the sec-
ond contact hole 185/.

[0112] Horizontal stems 193/ and 193/, and vertical stems
192/ and 192/ crossing the horizontal stems 1934 and 193/,
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are formed in the first subpixel electrode 191/ and the second
subpixel electrode 191/, respectively. Further, a plurality of
minute branches 194k and 194/ are formed extending
obliquely from the horizontal stems 193/ and 193/ and the
vertical stems 192/ and 192/.

[0113] As shown in FIG. 6, a sacrificial layer 300 1s formed
by coating a photosensitive organic material on the pixel
electrode 191 and patterning the photosensitive organic mate-
rial through a photolithography process.

[0114] The sacrificial layers 300 are connected to each
other along the plurality of pixel columns. That is, a sacrificial
layer 300 is formed covering each pixel area (PX) and the first
valley (V1) disposed between the first subpixel area (PXa)
and the second subpixel area (PXb).

[0115] A common electrode 270 is formed by depositing a
transparent metal material (such as indium tin oxide (ITO) or
indium zinc oxide (IZ0)) on the sacrificial layer 300.

[0116] A second insulating layer 350 may be formed on the
common electrode 270. The second insulating layer 350 may
be formed of an inorganic insulating material (such as silicon
oxide, silicon nitride, or silicon oxynitride). A roof layer 360
is formed on the second insulating layer 350. The roof layer
360 may be formed of an organic material.

[0117] AsshowninFIG.7,ahydrophobic layer 380 includ-
ing a plurality of protrusions 384 is formed on the top surface
of the roof layer 360.

[0118] As previously mentioned, in manufacturing a con-
ventional liquid crystal display, liquid crystal is applied at the
liquid crystal injection hole and injected into the microcavity
after the formation of the roof layer. However, in some
instances, some of the liquid crystal may remain on the roof
layer and cause light leakage.

[0119] To reduce the light leakage, a hydrophobic treat-
ment may be applied to a top surface of the roof layer, and the
remaining liquid crystal may then be removed using an air
blowing method. However, in some instances, the liquid crys-
tal injection hole may be inadvertently subject to the hydro-
phobic treatment, causing the surface of the liquid crystal
injection hole to be hydrophobic, which then interferes with
the injection of the liquid crystal into the microcavity. Fur-
thermore, in some instances, the hydrophobic chemical sur-
face treatment on the roof layer may cause defects in the
alignment layers in the microcavity.

[0120] The inventive concept can overcome the above
issues relating to existing hydrophobic treatments, by form-
ing the hydrophobic layer 380 including a plurality of protru-
sions 384 on the surface of the roof layer 360.

[0121] The protrusions 384 may be formed by a nanoim-
print process. In some embodiments, a single protrusion 384
may be formed having a size ranging from about several
hundred nanometers to about several micrometers.

[0122] The nanoimprint process includes applying a resin
to an imprint mold, and printing the molded resin on the top
surface of therooflayer 360. The printed/molded resin is then
cured by heat hardening or UV hardening, so as to yield the
protrusions profile shown in FIG. 7.

[0123] As shown in FIG. 7, a plurality of protrusions 384
can be formed in series as a single protrusion body. In this
instance, the protrusions 384 can form a nanopattern having a
constant size and pitch.

[0124] As described above, the protrusions 384 can be
formed through a nanoimprint process. Nevertheless, those
skilled in the art would readily appreciate that any other
appropriate methods can be used to form the protrusions 384.
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[0125] The protrusions 384 have a constant height with
respect to the top surface of the roof layer 360. Each protru-
sion 384 forms a predetermined angle with the top surface of
the roof layer 360. In some embodiments, an angle between
one side of the protrusion 384 and the top surface of the roof
layer 360 may be substantially greater than 70 degrees. In
some other embodiments, an angle between one side of the
protrusion 384 and the top surface of the roof layer 360 may
be substantially greater than 100 degrees. When the liquid
crystal is applied to the top surface of the roof layer 360 and
a contact angle is greater than 70 degrees, the remaining
liquid crystal can then be easily removed from the top surface
of the roof layer 360. Accordingly, the protrusions 384 allow
the remaining liquid crystal to be easily removed.

[0126] Since the inventive concept does not require pet-
forming a hydrophobic chemical surface treatment, only the
top surface of the hydrophobic layer 380 is hydrophobic,
whereas the surfaces of the microcavity 305 and the liquid
crystal injection hole 307 are hydrophilic. Accordingly, the
liquid crystal can be injected smoothly into the microcavity
305 (due to the hydrophilic surfaces). Also, the integrity of the
alignment layers 11 and 21 is maintained since the alignment
layers are not subject to a hydrophobic chemical surface
treatment.

[0127] In forming a plurality of protrusions 384 through an
imprint process, the hydrophobic layer 380 may include an
imprint resin (such as polymethyl methacrylate (PMMA), an
acryl-based resin, or an acrylate-based resin). In some other
embodiments, the hydrophobic layer 380 may include a same
material as an overcoat 390. When the hydrophobic layer 380
is formed of the same material as the overcoat 390, the adhe-
sion between the hydrophobic layer 380 and the overcoat 390
can be improved.

[0128] As shown in FIG. 8, the hydrophobic layer 380
including the plurality of protrusions 384 and the roof layer
360 are patterned, so as to expose a portion of the second
insulating layer 350.

[0129] Referring to FIG. 9, the second insulating layer 350
and the common electrode 270 are patterned with respect to
the patterned roof layer 360 and the hydrophobic layer 380,
thereby exposing the sacrificial layer 300 (below the removed
portion of the common electrode 270).

[0130] The sacrificial layer 300 is then removed by apply-
ing a developer on the region of the substrate 110 where the
sacrificial layer 300 is exposed. Alternatively, in some
embodiments, the sacrificial layer 300 may be removed by an
ashing process.

[0131] When the sacrificial layer 300 is removed, the
microcavity 305 is formed in the space (where the sacrificial
layer 300 was originally disposed).

[0132] The pixel electrode 191 and the common electrode
270 are spaced apart from each other with the microcavity
305 interposed therebetween, and the pixel electrode 191 and
the roof layer 360 are spaced apart from each other with the
microcavity 305 interposed therebetween. The common elec-
trode 270 and the roof layer 360 are formed covering the top
and lateral sides of the microcavity 360.

[0133] The microcavity 305 is exposed to the outside at a
portion where the roof layer 360 and the common electrode
270 are removed (i.e. at the liquid crystal injection hole 307).
The liquid crystal injection hole 307 is formed at the first
valley (V1). In some embodiments, the liquid crystal injec-
tion hole 307 may be formed at the second valley (V2) instead
of the first valley (V1).
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[0134] The roof layer 360 is cured by applying heat to the
substrate 110. The shape of the microcavity 305 is maintained
by the cured roof layer 360.

[0135] When an aligning agent containing an alignment
material is applied on the substrate 110 by a spin coating
method or an inkjet method, the aligning agent is injected into
the microcavity 305 through the liquid crystal injection hole
307. A curing process is then performed to evaporate a solu-
tion component of the aligning agent, such that the alignment
material remains on an inner wall of the microcavity 305.

[0136] Accordingly, a first alignment layer 11 may be
formed on the pixel electrode 191, and a second alignment
layer 21 may be formed below the common electrode 270.
The first alignment layer 11 and the second alignment layer
21 face each other with the microcavity 305 interposed ther-
ebetween, and are connected to each other at the edge of the
pixel area (PX).

[0137] Inthis case, the first and second alignment layers 11
and 21 may be aligned in a direction perpendicular to the first
substrate 110 (vertical alignment) except at the side of the
microcavity 305. In some embodiments, a process of irradi-
ating UV light to the first and second alignment layers 11 and
21 is performed, and as a result, the first and second alignment
layers 11 and 21 may be aligned in a direction parallel to the
surface of the substrate 110 (horizontal alignment).

[0138] When the liquid crystal material comprising the lig-
uid crystal molecules 310 is applied on the substrate 110 by an
inkjet method or a dispensing method, the liquid crystal mate-
rial is injected into the microcavity 305 through the liquid
crystal injection hole 307. In some embodiments, the liquid
crystal material may be applied at the liquid crystal injection
holes 307 formed along the odd-numbered first valleys (V1),
and is not applied in the liquid crystal injection holes 307
formed along the even-numbered first valleys (V1). In some
other embodiments, the liquid crystal material may be applied
in the liquid crystal injection holes 307 formed along the
even-numbered first valleys (V1), and is not applied in the
liquid crystal injection holes 307 formed along the odd-num-
bered first valleys (V1).

[0139] When the liquid crystal material is applied in the
liquid crystal injection holes 307 formed along the odd-num-
bered first valleys V1, the liquid crystal material flows
through the liquid crystal injection holes 307 by capillary
force into the microcavity 305. In this case, air is discharged
from the microcavity 305 through the liquid crystal injection
holes 307 formed along the even-numbered first valleys (V1).

[0140] Insome other embodiments, the liquid crystal mate-
rial may be applied in all the liquid crystal injection holes 307.
That is, the liquid crystal material may be applied in the liquid
crystal injection holes 307 formed along the odd-numbered
first valleys (V1) and the liquid crystal injection holes 307
formed along the even-numbered first valleys (V1).

[0141] Referring back to FIG. 3, a third insulating layer 370
is formed on the hydrophobic layer 380, and an overcoat 390
is formed on the third insulating layer 370. The overcoat 390
is formed of a material that does not react with the liquid
crystal molecules 310 on the third insulating layer 370. The
overcoat 390 is formed covering the liquid crystal injection
hole 307 so as to seal the microcavity 305.

[0142] Although not illustrated in the drawings, polarizers
may be formed on the upper and lower sides of the display
device. The polarizers may include a first polarizer and a
second polarizer. The first polarizer may be attached onto the

May 21,2015

lower side of the substrate 110, and the second polarizer may
be attached onto the overcoat 390.

[0143] FIGS. 10 to 12 are images of the protrusions on a
hydrophobic layer according to an exemplary embodiment of
the inventive concept. The protrusions may be formed using a
nanoimprint process. As shown in FIGS. 10 to 12, a single
protrusion may range from about several hundred nanometers
to about several micrometers. In some embodiments, the
angle of a protrusion with respect to the surface of the roof
layer may be greater than about 70 degrees, so as to prevent
liquid crystal from remaining on the hydrophobic layer.
[0144] According to the inventive concept, an exemplary
roof layer including the hydrophobic protrusions can prevent
liquid crystal from remaining on the roof layer, thereby pre-
venting light leakage. The inventive concept also eliminates
the need to apply a chemical hydrophobic treatment to the
surface of the roof layer. As a result, the flow of the liquid
crystal through the liquid crystal injection hole into the
microcavity is improved, and also the integrity of the align-
ment layers can be maintained.

[0145] Inaddition, the inventive concept allows the weight,
form factor, and processing time and costs of the display
device to be reduced, since the exemplary display device is
fabricated on a single substrate.

[0146] While the inventive concept has been described in
connection with what is presently considered to be practical
exemplary 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 modifications and
equivalent arrangements included within the spirit and scope
of the present disclosure.

What is claimed is:

1. A display device comprising:

a substrate including a plurality of pixel areas;

a thin film transistor disposed on the substrate;

a first insulating layer disposed on the thin film transistor;

a pixel electrode connected to the thin film transistor and

disposed on the first insulating layer;

a common electrode separated from the pixel electrode

with a microcavity interposed therebetween;

a second insulating layer disposed on the common elec-

trode;

a roof layer disposed on the second insulating layer;

a hydrophobic layer disposed on the roof layer and includ-

ing a plurality of protrusions;

an injection hole disposed in the common electrode, the

second insulating layer, and the roof layer, the injection
hole exposing a portion of the microcavity;

a liquid crystal layer for filling the microcavity; and

an overcoat formed on the roof layer and covering the

injection hole, so as to seal the microcavity.

2. The display device of claim 1, wherein the protrusions
render a surface of the hydrophobic layer hydrophobic.

3. The display device of claim 1, wherein an angle between
the protrusions and a top surface of the roof layer is substan-
tially greater than about 70 degrees.

4. The display device of claim 2, wherein a surface of the
microcavity is hydrophilic.

5. The display device of claim 1, wherein the protrusions
form a predetermined nanopattern.

6. The display device of claim 1, wherein the protrusions
and the overcoat are formed of a same material.

7. The display device of claim 1, wherein a material of the
protrusions includes an imprint resin.
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8. The display device of claim 1, wherein the second insu-
lating layer includes at least one of silicon nitride, silicon
oxide, and silicon oxynitride.

9. The display device of claim 1, further including a third
insulating layer disposed on the roof layer.

10. The display device of claim 9, wherein the third insu-
lating layer includes at least one of silicon nitride, silicon
oxide, and silicon oxynitride.

11. A method for manufacturing a display device, compris-
ing:

forming a thin film transistor on a substrate;

forming a first insulating layer on the thin film transistor;

forming a pixel electrode connected to the thin film tran-

sistor on the first insulating layer;

forming a sacrificial layer on the pixel electrode;

forming a common electrode on the sacrificial layer;

forming a second insulating layer on the common elec-

trode;

forming a roof layer by applying an organic material to the

second insulating layer;

forming a hydrophobic layer including a plurality of pro-

trusions on the roof layer;
patterning the roof layer and the hydrophobic layer, and
etching and exposing the sacrificial layer with respect to
the patterned roof layer and the hydrophobic layer;

forming a microcavity between the pixel electrode and the
common electrode by removing the exposed sacrificial
layer;

forming a liquid crystal layer by injecting a liquid crystal

material into the microcavity; and
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sealing the microcavity by forming an overcoat on the roof

layer.

12. The method of claim 11, wherein the hydrophobic layer
is formed by a nanoimprint process.

13. The method of claim 12, wherein an angle between the
protrusions and a top surface of the rooflayer is substantially
greater than about 70 degrees, and the protrusions render a
surface of the hydrophobic layer hydrophobic.

14. The method of claim 12, wherein the nanoimprint
process further includes:

applying a resin to the roof layer using a nanoimprint mold;

and

hardening the applied resin.

15. The method of claim 14, wherein the hardening of the
applied resin includes heat hardening or UV hardening.

16. The method of claim 11, wherein the protrusions form
a predetermined nanopattern.

17. The method of claim 14, wherein the protrusions and
the overcoat are formed of a same material.

18. The method of claim 11, wherein the second insulating
layer includes at least one of silicon nitride, silicon oxide, and
silicon oxynitride.

19. The method of claim 11, further including:

forming a third insulating layer on the roof layer.

20. The method of claim 19, wherein the third insulating
layer includes at least one of silicon nitride, silicon oxide, and
silicon oxynitride.
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