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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to, and the benefit
of, Korean Patent Application No. 10-2013-0139976 filed in
the Korean Intellectual Property Office on Nov. 18, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to a display device
capable of improving horizontal crosstalk and an aperture
ratio.

[0004] 2. Description of the Related Technology

[0005] A liquid crystal display is a widely used flat panel
display, includes two display panels on which field generating
electrodes, such as a pixel electrode and a common electrode,
are formed and a liquid crystal layer interposed therebetween,
and displays an image by applying a voltage to the field
generating electrodes to generate an electric field on the lig-
uid crystal layer, determining alignment of liquid crystal mol-
ecules of the liquid crystal layer through the generated elec-
tric field, and controlling polarization of incident light.
[0006] The two display panels 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 to the
gate line and the data line, a pixel electrode connected to the
thin film transistor, and the like may be formed. A light block,
acolor filter, a common electrode, and the like may be formed
in the opposing display panel. If necessary, the light block, the
color filter, and the common electrode may be formed in the
thin film transistor array panel. The light block is configured
to block light from passing through it.

[0007] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0008] The present disclosure has been made in an effort to
provide a display device of which weight, a thickness, a cost,
and a process time may be decreased by manufacturing the
display device by using one substrate.

[0009] Further, the present disclosure has been made in an
effort to provide a display device capable of improving hori-
zontal crosstalk and an aperture ratio.

[0010] Further, the present disclosure has been made in an
effortto provide a display device capable of preventing a short
circuit between a pixel electrode and a common electrode.
[0011] Oneembodiment provides a display device, includ-
ing: a substrate; a gate line and a data line formed on the
substrate; a thin film transistor connected to the gate line and
the data line; a pixel electrode connected to the thin film
transistor; a light block overlapping the thin film transistor on
the pixel electrode; a light block passivation layer overlap-
ping the thin film transistor and the data line on the light
block; a common electrode formed on the pixel electrode,
spaced apart from the pixel electrode with a plurality of
microcavities interposed therebetween; a roof layer formed
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on the common electrode; an injection hole exposing a part of
each of the plurality of microcavities; a liquid crystal layer
filling the plurality of microcavities; and an encapsulation
layer formed on the roof layer covering the injection hole to
seal the microcavity.

[0012] The pixel electrode may overlap the data line.
[0013] The data line may include a first data line and a
second data line, the pixel electrode may include a first sub
pixel electrode and a second sub pixel electrode, and the first
sub pixel electrode and the second sub pixel electrode may
overlap the first data line and the second data line.

[0014] Different data voltages may be applied to the first
data line and the second data line.

[0015] A data voltage applied to the first data line may be
higher than a data voltage applied to the second data line.
[0016] The data line may be positioned between two adja-
cent microcavities.

[0017] The data line may be positioned between two adja-
cent microcavities in a row direction.

[0018] The gate line may be positioned between two adja-
cent microcavities in a column direction.

[0019] The light block and the light block passivation layer
may further overlap the gate line.

[0020] The gate line and the data line may cross each other.
[0021] Thedisplay device ac may further include a storage
electrode line formed in parallel with the gate line, and over-
lapping one side edge of the pixel electrode.

[0022] The storage electrode line may not be formed in
parallel to the data line.

[0023] The display device may further include a spacer
overlapping the data line.

[0024] The spacer may be formed on the pixel electrode,
and is formed under the light block passivation layer.

[0025] The spacer may be formed on the same layer as that
of the light block.

[0026] The spacer may include the same material as that of
the light block.
[0027] The light block passivation layer may be formed on

the pixel electrode, and may be formed under the common
electrode.

[0028] The light block passivation layer may include an
inorganic insulating material including silicon nitride and
silicon oxide.

[0029] According to embodiments of the present invention,
the display device is manufactured by using one substrate,
thereby decreasing weight, a thickness, a cost, and a process
time of the display device.

[0030] Further, the data line overlap the pixel electrode, so
that it is possible to improve horizontal crosstalk and an
aperture ratio.

[0031] Further, the spacer and/or the light block passivation
layer are formed so as to overlap the data line, so that it is
possible to prevent a short circuit between the pixel electrode
and the common electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1isatop planview illustrating a display device
according to an embodiment.

[0033] FIG. 2is an equivalent circuit diagram of one pixel
of the display device according to an embodiment.

[0034] FIG. 3 is a layout view illustrating a part of the
display device according to an embodiment.

[0035] FIG. 4is a cross-sectional view ofthe display device
according to an embodiment taken along line IV-IV.
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[0036] FIG. 5 is a cross-sectional view illustrating the dis-
play device according an embodiment taken long line V-V.
[0037] FIG. 6 is a layout view illustrating a part of the
display device according an embodiment.

[0038] FIG. 7 is a cross-sectional view illustrating the dis-
play device according to an embodiment taken long line VII-
VIL

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0039] Hereinafter, the present disclosure will be described
more fully hereinafter with reference to the accompanying
drawings, in which certain embodiments of the invention are
shown. As those skilled in the art would realize, the described
embodiments may be modified in various ways, without
departing from the spirit or scope of the present invention.
[0040] In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. Like refer-
ence numerals generally designate like elements throughout
the specification. 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.

[0041] In a conventional liquid crystal display, two sub-
strates are essentially used and constituent elements are
formed on the two substrates, so that there are problems in
that the display device is heavy and thick, a cost thereof is
high, and a process time is long.

[0042] First, a display device according to an embodiment
will be schematically described below with reference to FIG.
1.

[0043] FIG. 1 is a top plan view illustrating the display
device according to an embodiment.

[0044] The display device includes a substrate 110 includ-
ing a material, such as glass or plastic.

[0045] Microcavities 305 covered by a roof layer 360 are
formed on the substrate 110. The roof layer 360 is extended in
a row direction, and the plurality of microcavities 305 is
formed under one roof layer 360.

[0046] The microcavities 305 may be arranged in a matrix
form, and a first valley V1 is positioned between the vertically
adjacent microcavities 305, and a second valley V2 is posi-
tioned between the horizontally adjacent microcavities 305.
[0047] The plurality of roof layers 360 may be separated
from each other with the first valley V1 interposed therebe-
tween. The microcavities 305 may not be covered by the roof
layer 360 but may be exposed to the outside at portions which
are in contact with the first valley V1. They are referred to as
injection holes 307a and 3075.

[0048] The injection holes 3074 and 3075 are formed at
both edges of the microcavity 305. The injection holes 3074
and 3075 include a first injection hole 3074 and a second
injection hole 3075, and the first injection hole 3074 is formed
s0 as to expose a lateral surface of a first edge of the micro-
cavity 305, and the second injection hole 3075 is formed so as
to expose a lateral surface of'a second edge of the microcavity
305. The lateral surface of the first edge and the lateral surface
of the second edge of the microcavity 305 face each other.
[0049] Each roof layer 360 is formed to be spaced apart
from the substrate 110 between the adjacent second valleys
V2 to form the microcavity 305. The roof layer 360 is formed
so as to cover the remaining lateral surfaces, except for the
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lateral surfaces of the first edge and the second edge in which
the injection holes 307a and 3075 are formed.

[0050] The aforementioned structure of the display device
is just an example, and various modifications are feasible. For
example, a disposition form of the microcavity 305, the first
valley V1, and the second valley V2 may be changed, the
plurality of rooflayers 360 may be connected to each other in
the first valley V1, and a portion of each roof layer 360 may be
formed to be spaced apart from the substrate 110 in the second
valley V2 to connect the adjacent microcavities 305 to each
other.

[0051] Hereinafter, one pixel of the display device will be
schematically described with reference to FIG. 2.

[0052] FIG. 2is an equivalent circuit diagram of one pixel
of the display device according to an embodiment.

[0053] The display device includes a plurality of signal
lines 121, 1714, and 171/, and a plurality of pixels PX con-
nected to the plurality of signal lines 121, 171/, and 171/. The
plurality of pixels PX may be arranged in a matrix form
including a plurality of pixel rows and a plurality of pixel
columns.

[0054] Each pixel PX may include a first sub pixel PXa and
a second sub pixel PXb. The first sub pixel PXa and the
second sub pixel PXb may be vertically disposed. In this case,
the first valley V1 may be positioned in a direction of a pixel
row between the first sub pixel PXa and the second sub pixel
PXb, and the second valley V2 may be positioned between the
plurality of pixel columns.

[0055] The signal lines 121, 1714, and 171/ include a gate
line 121 for transmitting a gate signal, and a first data line
1714 and a second data line 171/ for transmitting different
data voltages.

[0056] The display device includes a first switch Qh con-
nected to the gate line 121 and the first data line 1714, and a
second switch QI connected to the gate line 121 and the
second data line 171/.

[0057] A first liquid crystal capacitor Clch connected with
the first switch Qh is formed in the first sub pixel PXa, and a
second liquid crystal capacitor Clcl connected with the sec-
ond switch Q1 is formed in the second sub pixel PXb.
[0058] A first terminal of the first switch Qh is connected
with the gate line 121, a second terminal thereof is connected
with the first data line 171/, and a third terminal thereof is
connected to the first liquid crystal capacitor Clch.

[0059] A firstterminal of the second switch Ql is connected
with the gate line 121, a second terminal thereof is connected
with the second data line 171/, and a third terminal thereof is
connected to the second liquid crystal capacitor Clcl.

[0060] An operation of the liquid crystal display will be
described. When a gate-on voltage is applied to the gate line
121, the first switch Qh and the second switch QI connected to
the gate line 121 become a turn-on state, and the first and
second liquid crystal capacitors Clch and Clel are charged by
different data voltages transmitted through the first and sec-
ond data lines 171% and 171/. The data voltage transmitted by
the second data line 171/ is lower than the data voltage trans-
mitted by the first data line 171%. Accordingly, the second
liquid crystal capacitor Clel is charged with a voltage lower
than that of the first liquid crystal capacitor Clch, thereby
improving side visibility.

[0061] Hereinafter, a structure of one pixel of the liquid
crystal display will be described with reference to FIGS. 3 to
5.
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[0062] FIG. 3 is a layout view illustrating a part of the
display device according to an embodiment, FIG. 4 is a cross-
sectional view of the display device according to an embodi-
ment taken along line IV-IV, and FIG. 5 is a cross-sectional
view illustrating the display device according to an embodi-
ment taken long line V-V.

[0063] Referring to FIGS.3to 5, the gateline 121 and a first
gate electrode 124/ and a second gate electrode 124/ protrud-
ing from the gate line 121 are formed on the substrate 110.
[0064] The gate line 121 mainly extends in a horizontal
direction, and transmits a gate signal. The gate line 121 is
positioned between the two microcavities 305 which are adja-
cent in a column direction. The first gate electrode 124% and
the second gate electrode 124/ upwardly protrude from the
gate line 121. The first gate electrode 124/ and the second
gate electrode 124/ are connected to each other to form one
protrusion. However, embodiments are not limited thereto,
and the protruding form of the first gate electrode 124/ and
the second gate electrode 124/ may be variously modified.
[0065] A storage electrode line 131 and a storage electrode
135 protruding from the storage electrode line 131 may be
further formed on the substrate 110.

[0066] The storage electrode line 131 extends ina direction
parallel to the gate line 121, and is formed to be spaced apart
from the gate line 121. A predetermined voltage may be
applied to the storage electrode line 131. The storage elec-
trode 135 downwardly protrudes from the storage electrode
line 131, and is formed so as to be adjacent to the first gate
electrode 124/ and the second gate electrode 124/,

[0067] The storage electrode line 131 is not formed in the
direction parallel to the data line 171. The storage electrode
line 131 and the storage electrode 135 are not formed at edges
of the pixels PX adjacent to both sides of the data line 171,
thereby improving an aperture ratio.

[0068] In the general display device, the storage electrode
line 131 is formed at the edges of the pixels PX adjacent to the
both sides of the data line 171, and an area, in which the data
line 171 overlaps the storage electrode line 131, may be
different due to misalignment of a mask. Accordingly, a
deviation of capacitance between the data line 171 and the
storage electrode line 131 may be generated. In an embodi-
ment of the present invention, the storage electrode line 131
and the storage electrode 135 are not formed at the edges of
the pixels PX adjacent to the both sides of the data line 171, so
that it is possible to prevent the deviation from being gener-
ated.

[0069] A gateinsulating layer 140 is formed on the gate line
121, the first gate electrode 1244, the second gate electrode
124], the storage electrode line 131, and the storage electrode
135. The gate insulating layer 140 may include an inorganic
insulating material, such as, for example, silicon nitride
(SiNx) or silicon oxide (SiOx). Further, the gate insulating
layer 140 may include a single layer or a multilayer.

[0070] A first semiconductor 1544 and a second semicon-
ductor 154/ are formed on the gate insulating layer 140. The
first semiconductor 154/ may be positioned on the first gate
electrode 124/, and the second semiconductor 154/ may be
positioned on the second gate electrode 124/, The first semi-
conductor 154/ may be elongated to a lower portion of the
first data line 171/, and the second semiconductor 154/ may
be elongated to a lower portion of the second data line 171/,
The first semiconductor 154/ and the second semiconductor
154/ may include, for example, amorphous silicon, polycrys-
talline silicon, metal oxide, or the like.
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[0071] An ohmic contact member (not illustrated) may be
formed on each of the first semiconductor 1544 and the sec-
ond semiconductor 154/ The ohmic contact members may be
made of, for example, silicide or a material such as n+ hydro-
genated amorphous silicon on which an n-type impurity is
doped at a high concentration.

[0072] The first data line 1714, the second data line 171/, a
first source electrode 1734, a first drain electrode 1754, a
second source electrode 173/, and a second drain electrode
175/ are formed on the first semiconductor 154/, the second
semiconductor 154/, and the gate insulating layer 140.
[0073] The first data line 171/ and the second data line 171/
transfer a data signal, and mainly extend in a vertical direction
to cross the gate line 121 and the storage electrode 131. The
data line 171 is positioned between the two microcavities 305
which are adjacent in the row direction.

[0074] The first data line 171/ and the second data line 171/
transmit different data voltages. The data voltage transmitted
by the second data line 1711 is lower than the data voltage
transmitted by the first data line 171%.

[0075] The first source electrode 173/ is formed so as to
upwardly protrude from the first gate electrode 124/ from the
first data line 171/, and the second source electrode 173/ is
formed to upwardly protrude from the second gate electrode
124/ from the second data line 171/. Each of the first drain
electrode 175/ and the second drain electrode 175/ has one
wide end portion and a rod-shaped end portion. The wide end
portions of the first drain electrode 175/ and the second drain
electrode 175/ overlap the storage electrode 135 downwardly
protruding from the storage electrode line 131. Each of the
rod-shaped end portions of the first drain electrode 175/ and
the second drain electrode 175/ is partially surrounded by the
first source electrode 173/ and the second source electrode
1731

[0076] The first and second gate electrodes 124/ and 124,
the first and second source electrodes 1734 and 173/, and the
first and second drain electrodes 175/ and 175/ form first and
second thin film transistors (TFT) Qh and Q1 together with the
first and second semiconductors 154/ and 154/, and channels
of the thin film transistors are formed in the semiconductors
154/ and 154/ between the source electrodes 1734 and 173/
and the drain electrodes 1754 and 175/, respectively.

[0077] A passivation layer 180 is formed on the first semi-
conductor 1544 and the second semiconductor 154/. The first
semiconductor 154/ is exposed between the first data line
1715, the second data line 171/, the first source electrode 173/
and the first drain electrode 175%. The second semiconductor
154/ is exposed between the first data line 171%, the second
data line 171/, the second source electrode 173/ and the
second drain electrode 175/ The passivation layer 180 may
include an organic insulating material or an inorganic insu-
lating material, and may include a single layer or a multilayer.
[0078] A color filter 230 is formed in each pixel PX on the
passivation layer 180. Each color filter 230 may display any
one of primary colors, such as, for example, three primary
colors of red, green, and blue. The color filter 230 is not
limited to the three primary colors of red, green and blue, and
may display, for example, cyan, magenta, yellow, and white-
based colors.

[0079] A first insulating layer 240 may be further formed
on the color filter 230. The first insulating layer 240 may
include an organic insulating material, and may serve to pla-
narize the color filters 230. The first insulating layer 240 may
be formed in a structure in which a layer including an organic
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insulating material and a layer including an inorganic insu-
lating material are stacked, and may be omitted if necessary.
[0080] A first contact hole 1814, through which the wide
end portion of the first drain electrode 175/ is exposed, and a
second contact hole 181/, through which the wide end portion
of the second drain electrode 175/ is exposed, are formed in
the passivation layer 180, the color filter 230, and the first
insulating layer 240.

[0081] A pixel electrode 191 is formed on the first insulat-
ing layer 240. The pixel electrode 191 may include a trans-
parent metal material, such as, for example, indium-tin oxide
(ITO) and indium-zinc oxide (170).

[0082] The pixel electrode 191 includes a first sub pixel
electrode 191/ and a second sub pixel electrode 191/ which
are separated from each other by the gate line 121 and the
storage electrode line 131 interposed therebetween, and dis-
posed on and under the pixel PX based on the gate line 121
and the storage electrode line 131 to be adjacent to each other
in the column direction. The first sub pixel electrode 191% and
the second sub pixel electrode 191/ are separated from each
other with the first valley V1 interposed therebetween, and the
first sub pixel electrode 191/ is positioned in the first sub
pixel PXa and the second sub pixel electrode 191/ is posi-
tioned in the second sub pixel PXb.

[0083] The pixel electrode 191 is formed so as to overlap
the data line 171. The pixel electrode 191 is formed to extend
to a portion in which the data line 171 is formed, thereby
improving an aperture ratio.

[0084] In the general display device, an area in which the
pixel electrode 191 overlaps the data line 171 may be different
due to misalignment of the mask. Accordingly, a deviation of
capacitance between the pixel electrode 191 and the data line
171 may be generated. In an embodiment of the present
invention, the pixel electrode 191 is formed to completely
overlap the data line 171 to prevent the deviation from being
generated.

[0085] The first sub pixel electrode 191/ is connected to the
first drain electrode 1754 through the first contact hole 1817,
and the second sub pixel electrode 191/ is connected to the
second drain electrode 175/ through the second contact hole
181/. Accordingly, when the first thin film transistor Qh and
the second thin film transistor QI are in an on-state, the first
sub pixel electrode 191/ and the second sub pixel electrode
191/ receive different data voltages from the first drain elec-
trode 175/ and the second drain electrode 175/, respectively.
An electric field may be formed between the pixel electrode
191 and the common electrode 270.

[0086] A general shape of each of the first sub pixel elec-
trode 191/ and the second sub pixel electrode 191/ is a quad-
rangle, and the first sub pixel electrode 191/ and the second
sub pixel electrode 191/ include cross-shaped stem portions
formed by horizontal stem portions 193% and 193/ and verti-
cal stem portions 1924 and 192/ crossing the horizontal stem
portions 193/ and 193/ Further, each of the first sub pixel
electrode 1914 and the second sub pixel electrode 191/
includes a plurality of micro branch portions 194/ and 194/.
[0087] The pixel electrode 191 is divided into four sub
regions by the horizontal stem portions 193/% and 193/ and the
vertical stem portions 192/ and 192/. The micro branch por-
tions 194% and 194/ obliquely extend from the horizontal
stem portions 1934/ and 193/ and the vertical stem portions
192/ and 192/, and the extension direction may form an angle
of approximately 45° or 135° with the gate line 121 or the
horizontal stem portions 193% and 193/. Further, the direc-
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tions in which the micro branch portions 1944 and 194/ in the
adjacent two sub regions extend may be orthogonal to each
other.

[0088] In one embodiment, the first sub pixel electrode
1914 and the second sub pixel electrode 191/ may further
include outer stem portions surrounding outer sides of the
first sub pixel PXa and the second sub pixel PXb, respectively.

[0089] Thedisposition form of the pixel, the structure of the
thin film transistor, and the shape of the pixel electrode
described above are one example, and the present invention is
not limited thereto, and various modifications are feasible.

[0090] Alight block 225 and a spacer 227 are formed on the
pixel electrode 191 and the first insulating layer 240.

[0091] The light block 225 is positioned in the first valley
V1. The thin film transistors Qh and QI are positioned in the
firstvalley V1, and the light block 225 is formed to overlap the
thin film transistors Qh and Ql. Further, the light block 225
may be formed to additionally overlap the gate line 121 and
the storage electrode line 131. Particularly, the light block 225
is formed to cover the first contact hole 181/ and the second
contact hole 181/ formed for the connection between the thin
film transistors Qh and Ql and the pixel electrode 191 to serve
to prevent light leakage.

[0092] The spacer 227 is positioned in the second valley
V2.Thespacer 227 is formed to overlap the dataline 171. The
data line 171 overlaps the edge of the pixel electrode 191, and
the spacer 227 also overlaps the edge of the pixel electrode
191. The spacer 227 serves to prevent light leakage, and
serves to prevent a short circuit between the common elec-
trode 270 and the pixel electrode 191 to be described below.
Further, it is possible to decrease capacitance between the
common electrode 270 and the data line 171 by increasing a
distance between the common electrode 270 and the data line
171.

[0093] The light block 225 and the spacer 227 are formed
on the same layer. The light block 225 and the spacer 227 may
include the same material, and include a material capable of
blocking light. The light block 225 and the spacer 227 may be
formed by the same process. The light block 225 and the
spacer 227 may be formed to have different heights, and may
be formed by using a slit mask or a halftone mask in the same
process.

[0094] A light block passivation layer 229 is formed on the
light block 225 and the spacer 227. The light block passiva-
tion layer 229 is positioned in the first valley V1 and the
second valley V2. The light block passivation layer 229 is
formed so as to overlap the thin film transistors Qhand Ql, the
gate line 121, and the data line 171. The light block passiva-
tion layer 229 may include an inorganic insulating material,
such as, for example, silicon nitride (SiNx) and silicon oxide
(810x), and serves to protect the light block 225 and the
spacer 227. Further, the light block passivation layer 229
serves to prevent a short circuit between the common elec-
trode 270 and the pixel electrode 191 similar to the spacer
227.

[0095] The common electrode 270 is formed on the pixel
electrode 191 so as to be spaced apart from the pixel electrode
191 by a predetermined distance. The microcavity 305 is
formed between the pixel electrode 191 and the common
electrode 270. The microcavity 305 is surrounded by the pixel
electrode 191 and the common electrode 270. A width and an
area of the microcavity 305 may be variously modified
according to a size and resolution of the display device.
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[0096] The common electrode 270 may include a transpar-
ent metal material such as, for example, indium-tin oxide
(ITO) and indium-zinc oxide (1Z0). A predetermined voltage
may be applied to the common electrode 270, and an electric
field may be formed between the pixel electrode 191 and the
common electrode 270.

[0097] The common electrode 270 is formed in the second
valley V2 as well as in the pixel PX. The common electrode
270 in the second valley V2 is formed on the light block
passivation layer 229.

[0098] The common electrode 270 may be short-circuited
with the pixel electrode 191 in a structure in which the pixel
electrode 191 is extended so as to overlap the data line.
Particularly, the common electrode 270 may be short-cir-
cuited with the pixel electrode 191 in the second valley V2 in
which the microcavity 305 is not formed. In an embodiment
of the present invention, the spacer 227 and the light block
passivation layer 229 are formed between the pixel electrode
191 and the common electrode 270. The spacer 227 and the
light block passivation layer 229 are formed so as to overlap
the data line 171 in the second valley V2, so that it is possible
to prevent the short circuit between the pixel electrode 191
and the common electrode 270.

[0099] In this case, the spacer 227 may be formed with
substantially the same height as that of the microcavity 305.
In the drawings, it is illustrated that the spacer 227 is slightly
lower than the microcavity 305, but the spacer 227 may be
formed to have the same height as that of or to be slightly
higher than the microcavity 305. The height of the spacer 227
corresponds to the height of the microcavity 305 as described
above, so that a height of the common electrode 270 formed
on the microcavity 305 and the spacer 227 is uniform.
Accordingly, it is possible to prevent a disconnection of the
common electrode 270.

[0100] A first alignment layer 11 is formed on the pixel
electrode 191. The first alignment layer 11 may also be
formed right on the first insulating layer 240 which is not
covered by the pixel electrode 191.

[0101] A second alignment layer 12 is formed under the
common electrode 270 so as to face the first alignment layer
11.

[0102] The first alignment layer 11 and the second align-
ment layer 12 may be formed by a vertical alignment layer,
and may include an alignment material, such as, for example,
polyamic acid, polysiloxane, polyimide, or the like. The first
and second alignment layers 11 and 12 may be connected on
a side wall of the edge of the microcavity 305.

[0103] A liquid crystal layer including liquid crystal mol-
ecules 310 is formed in the microcavity 305 positioned
between the pixel electrode 191 and the common electrode
270. The liquid crystal molecules 310 have negative dielectric
anisotropy, and may be erected in a vertical direction on the
substrate 110 in a state where an electric field is not applied.
That is, vertical alignment may be implemented.

[0104] Thefirstsub pixel electrode 191/% and the second sub
pixel electrode 191/, to which the data voltage is applied,
generate an electric field together with the common electrode
270 to determine a direction of the liquid crystal molecules
310 positioned in the microcavity 305 between the two elec-
trodes 191 and 270. Luminance of light passing through the
liquid crystal layer is changed according to the thusly deter-
mined direction of the liquid crystal molecules 310.

[0105] A second insulating layer 350 may be further
formed on the common electrode 270. The second insulating
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layer 350 may include an inorganic insulating material, such
as, for example, silicon nitride (SiNx) and silicon oxide
(S8i0x), and may be omitted if necessary.

[0106] The rooflayer 360 is formed on the second insulat-
ing layer 350. The roof layer 360 may include an organic
material. The microcavity 305 is formed under the roof layer
360, and the roof layer 360 may be hardened by a hardening
process to maintain the shape of the microcavity 305. The
roof layer 360 is formed to be spaced apart from the pixel
electrode 191 with the microcavity 305 interposed therebe-
tween.

[0107] The roof layer 360 is formed in each pixel PX and
the second valley V2 along the pixel row, and is not formed in
the first valley V1. The roof layer 360 is not formed between
the first sub pixel PXa and the second sub pixel PXb. In each
of the first sub pixel PXa and the second sub pixel PXb, the
microcavity 305 is formed under each roof layer 360. The
microcavity 305 is not formed under the rooflayer 360 in the
second valley V2, but the spacer 227 is formed in the second
valley V2 instead of the microcavity 305.

[0108] The injection holes 307a and 3075, through which
parts of the microcavities 305 are exposed, are formed in the
roof layer 360. The injection holes 3074 and 3075 include a
first injection hole 3074, through which a lateral surface of a
first edge of the microcavity 305 is exposed, and a second
injection hole 3075, through which a lateral surface of a
second edge of the microcavity 305 is exposed. The first
injection hole 307a of one microcavity 305 among the adja-
cent two microcavities 305 and the second injection hole
3075 of the other microcavity 305 face each other with the
first valley V1 interposed therebetween. The microcavities
305 are exposed by the injection holes 307a and 3075, so that
an alignment solution, a liquid crystal material, or the like
may be injected into the microcavities 305 through the injec-
tion holes 3074 and 3075.

[0109] The aforementioned light block 225 and light block
passivation layer 229 may be formed so as to partially overlap
the injection holes 307a and 3075.

[0110] A third insulating layer 370 may be further formed
on the roof layer 360. The third insulating layer 370 may
include an inorganic insulating material, such as, for
example, silicon nitride (SiNx) or silicon oxide (8iOx). The
third insulating layer 370 may be formed to cover an upper
surface and a lateral surface of the roof layer 360. The third
insulating layer 370 serves to protect the roof layer 360
including the organic material, and may be omitted if neces-
sary.

[0111] An encapsulation layer 390 may be formed on the
third insulating layer 370. The encapsulation layer 390 is
formed so as to cover the injection holes 3074 and 307b
through which parts of the microcavities 305 are exposed to
the outside. The encapsulation layer 390 may seal the micro-
cavity 305 so that the liquid crystal molecules 310 formed in
the microcavity 305 are not discharged to the outside. Since
the encapsulation layer 390 is in contact with the liquid crys-
tal molecules 310, the encapsulation layer 390 may include a
material that does not react with the liquid crystal molecules
310. For example, the encapsulation layer 390 may include
parylene or the like.

[0112] The encapsulation layer 390 may include multiple
layers such as for example a double layer or a triple layer. The
double layer includes two layers formed of different materi-
als. The triple layer includes three layers, and materials of the
adjacentlayers are different from each other. For example, the
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encapsulation layer 390 may include a layer including an
organic insulating material and a layer including an inorganic
insulating material.
[0113] Although not illustrated in the drawings, a polarizer
may be further formed on upper and lower surfaces of the
display device. The polarizer may include a first polarizer and
a second polarizer. The first polarizer may be attached to a
lower surface of the substrate 110, and the second polarizer
may be attached onto the encapsulation layer 390.
[0114] Next, a display device according to an embodiment
of the present invention will be described below with refer-
ence to FIGS. 6 and 7.
[0115] Constituent elements of the display device illus-
trated in FIGS. 6 and 7 are considerably the same as those of
the display device illustrated in FIGS. 1to 5, so descriptions
thereof will be omitted. The embodiment of FIGS. 6 and 7 is
different from the aforementioned embodiment in that a
spacer is omitted, and will be described below in more detail.
[0116] FIG. 6 is a layout view illustrating a part of the
display device according to an embodiment, and FIG. 7 is a
cross-sectional view illustrating the display device taken long
line VII-VIL
[0117] Inthe display device,apixel electrode 191 is formed
on a substrate 110, and a common electrode 270 is formed
with the pixel electrode 191 and a microcavity 305 interposed
therebetween. The pixel electrode 191 is formed so as to
overlap a data line 171.
[0118] Similar to the aforementioned embodiment, a light
block 225 is formed in a first valley V1, but contrary to the
aforementioned embodiment, the spacer 227 is not formed in
a second valley V2.
[0119] A light block passivation layer 229 is formed on the
light block 225. The light block passivation layer 229 is
positioned in the first valley V1 and the second valley V2. The
light block passivation layer 229 is formed so as to overlap
thin film transistors Qh and Ql, a gate line 121, and a data line
171. The light block passivation layer 229 may include an
inorganic insulating material, such as, for example, silicon
nitride (SiNXx) or silicon oxide (Si0x), and serves to prevent
the light block 225. Further, the light block passivation layer
229 serves to prevent a short circuit between the common
electrode 270 and the pixel electrode 191.
[0120] A position at which the light block passivation layer
229 is formed is the same as that in the aforementioned
embodiment, but the spacer 227 is not formed under the light
block passivation layer 229. Even though the spacer 227 is not
formed, the light block passivation layer 229 includes an
insulating material, so that it is possible to prevent a short
circuit between the pixel electrode 191 and the common
electrode 270.
[0121] While this invention has been described in connec-
tion with certain embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. A display device, comprising:

a substrate;

a gate line and a data line formed on the substrate;

athin film transistor connected to the gate line and the data

line;
a pixel electrode connected to the thin film transistor;
a light block overlapping the thin film transistor on the
pixel electrode;
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a light block passivation layer overlapping the thin film
transistor and the data line on the light block;

a common electrode formed on the pixel electrode, spaced
apart from the pixel electrode with a plurality of micro-
cavities interposed therebetween;

a roof layer formed on the common electrode;

an injection hole exposing a part of each of the plurality of
microcavities;

a liquid crystal layer filling the plurality of microcavities;
and

an encapsulation layer formed on the roof layer covering
the injection hole to seal the microcavity.

2. The display device of claim 1, wherein:

the pixel electrode overlaps the data line.

3. The display device of claim 2, wherein:

the data line includes a first data line and a second data line,

the pixel electrode includes a first sub pixel electrode and a
second sub pixel electrode, and

the first sub pixel electrode and the second sub pixel elec-
trode overlap the first data line and the second data line.

4. The display device of claim 3, wherein:

different data voltages are applied to the first data line and
the second data line.

5. The display device of claim 4, wherein:

a data voltage applied to the first data line is higher than a
data voltage applied to the second data line.

6. The display device of claim 2, wherein:

the data line is positioned between two adjacent microcavi-
ties.

7. The display device of claim 6, wherein:

the data line is positioned between two adjacent microcavi-
ties in a row direction.

8. The display device of claim 7, wherein:

the gate line is positioned between two adjacent microcavi-
ties in a column direction.

9. The display device of claim 8, wherein:

the light block and the light block passivation layer overlap
the gate line.

10. The display device of claim 9, wherein:

the gate line and the data line cross each other.

11. The display device of claim 10, further comprising:

a storage electrode line formed in parallel with the gate
line, and overlapping one side edge of the pixel elec-
trode.

12. The display device of claim 11, wherein:

the storage electrode line is not formed in parallel to the
data line.

13. The display device of claim 6, further comprising:

a spacer overlapping the data line.

14. The display device of claim 13, wherein:

the spacer is formed on the pixel electrode, and is formed
under the light block passivation layer.

15. The display device of claim 14, wherein:

the spacer is formed on the same layer as that of the light
block.

16. The display device of claim 15, wherein:

the spacer comprises a same material as that of the light
block.

17. The display device of claim 6, wherein:

the light block passivation layer is formed on the pixel
electrode, and is formed under the common electrode.

18. The display device of claim 17, wherein:

the light block passivation layer comprises an inorganic
insulating material including silicon nitride and silicon
oxide.



EREHEE) EREE

K (BE)S US20150138479A1 K (nE)R
RiES US14/273034 RiEHR
FRIBB(EFROAF) ZEETERAXF

RIB(ERR)AGE) =EDISPLAY CO., LTD.

LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.

patsnap

2015-05-21

2014-05-08

[#R] &% BB A LEE SUN HWA

JUNG KWANG CHUL

SONG SE YOUNG

JUNG MEE HYE

HWANG IN JAE
KA LEE, SUN HWA

JUNG, KWANG-CHUL

SONG, SE YOUNG

JUNG, MEE HYE

HWANG, IN-JAE
IPCH %5 G02F1/1368 G0O2F1/1362
CPCH¥%E G02F1/1368 G02F1/136209 G02F1/136286 G02F1/133377 G02F1/1341
5 1020130139976 2013-11-18 KR
H N FF 3Tk US9488888
SNEBEEEE Espacenet  USPTO
HE(R)

EREEREKTEMMARL , HEHE | ERWHRENBIELERE
iR SRR A EEEIMHRA MBIEL SR ERERI SRR EE,
SGBRERINSRSAEEBN AT AERECESEEAGKEN X 1
RENBIFLER, NHBREREGRER L, EREBRET , 24
EEARE,ELALBREFERTEZALL , BHSNMHERHESN
ey — B0 ER SRR REE KR ERE LB REEREAA
R,

229 227 229
S\l

171h— R

198hT)
[17th
L1711

1} N
1921 101l


https://share-analytics.zhihuiya.com/view/205888bd-ce7f-4e49-9a3b-09d3211184a3
https://worldwide.espacenet.com/patent/search/family/053172970/publication/US2015138479A1?q=US2015138479A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150138479%22.PGNR.&OS=DN/20150138479&RS=DN/20150138479

