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(57) ABSTRACT

A display device includes: a display part including a plurality
of pixel areas formed on a substrate; and a non-display part
positioned outside and proximate to the display part. The
display part includes: a pixel electrode formed in at least one
ofthe pixel areas; a rooflayer formed on the pixel electrode so
as to be spaced apart from the pixel electrode with a cavity
interposed therebetween; a liquid crystal positioned within
the cavity; an injection hole formed in the roof layer; and an
overcoat formed on the roof layer so as to cover the injection
hole and seal the cavity. The non-display part includes a step
compensation part configured to compensate for a difference
in elevation between an upper surface of the display part and
an upper surface of the non-display part, the step compensa-
tion part including a material of the roof layer.
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FIG. 3
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FIG. 5
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DISPLAY DEVICE HAVING IMPROVED
LIFTING CHARACTERISTICS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to, and the benefit
of, Korean Patent Application No. 10-2014-0173324 filed in
the Korean Intellectual Property Office on Dec. 4, 2014, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] (a) Field

[0003] Embodiments of the present invention relate gener-
ally to flat panel display devices. More specifically, embodi-
ments of the present invention relate to display devices having
improved lifting characteristics.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display device, which is a widely
used type of flat panel display device, includes two display
panels on which electric field generating electrodes such as a
pixel electrode, a common electrode, and the like, are formed.
A liquid crystal layer is interposed between the two display
panels, and generates an electric field in the liquid crystal
layer by applying a voltage to the electric field generating
electrode, thereby determining alignment of liquid crystal
molecules of the liquid crystal layer and controlling polariza-
tion of incident light, thus displaying an image.

[0006] The two display panels of the liquid crystal display
device may be a thin film transistor display panel and a
counter display panel. Gate lines transmitting gate signals and
data lines transmitting data signals may be formed on the thin
film transistor display panel so as to intersect with each other,
and thin film transistors connected to the gate lines and the
data lines, pixel electrodes connected to the thin film transis-
tors, and the like may be formed on the thin film transistor
display panel. A light blocking member, a color filter, a com-
mon electrode, and the like may be formed on the counter
display panel. In some cases, the light blocking member, the
color filter, the common electrode, and the like may also be
formed on the thin film transistor display panel.

[0007] However, in conventional liquid crystal display pan-
els, two substrates are necessarily used, and the respective
components are formed on the two substrates. Therefore, the
liquid crystal display device is heavy and thick, manufactut-
ing the liquid crystal display device entails significant
expense, and requires a long process time.

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

SUMMARY

[0009] Embodiments of the present invention provide a
display device and a manufacturing method therefor having
advantages of decreased weight, thickness, cost, and process
time by manufacturing the display device using a single sub-
strate.

[0010] Further, embodiments of the present invention pro-
vide a display device having a flatter overcoat due to reduc-
tion in height difference between a display part and its adja-
cent non-display part.
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[0011] An exemplary embodiment of the present invention
provides a display device including: a display part including
a plurality of pixel areas formed on a substrate; and a non-
display part positioned outside and proximate to the display
part. The display part includes: a pixel electrode formed in at
least one of the pixel areas; a roof layer formed on the pixel
electrode so as to be spaced apart from the pixel electrode
with a cavity interposed therebetween; a liquid crystal posi-
tioned within the cavity; an injection hole formed in the roof
layer; and an overcoat formed on the roof layer so as to cover
the injection hole and seal the cavity. The non-display part
includes a step compensation part configured to compensate
for a difference in elevation between an upper surface of the
display part and an upper surface of the non-display part, the
step compensation part including a material of the roof layer.
[0012] The step compensation part may further include one
or more materials of the display part.

[0013] The display part may have a common electrode
formed therein so as to be electrically insulated from the pixel
electrode.

[0014] Thedisplay device may further include a color filter
stacked below the pixel electrode.

[0015] The roof layer may be formed so as to cover the
display part and to extend into the non-display part.

[0016] The cavity may be formed by applying a sacrifice
layer onto the pixel electrode, patterning the sacrifice layer,
forming the roof layer on the sacrifice layer, and removing the
sacrifice layer.

[0017] The step compensation part may include at least one
color filter layer.

[0018] The step compensation part may include material of
the sacrifice layer.

[0019] The color filter and the pixel electrode may have a
first insulating layer formed therebetween.

[0020] The step compensation part may include the first
insulating layer.

[0021] The step compensation part may have a width of
approximately 0.01 to 5 pm.

[0022] The step compensation part may have a height of
approximately 1 to 30 um.

[0023] The step compensation part may be formed so as to
substantially surround four outer edges of the display part.
[0024] The step compensation part may be formed so as to
be proximate to less than every outer edge of the display part.
[0025] The display device may further include a polarizer
attached to the overcoat.

[0026] Thepolarizer may be substantially entirely attached
to an upper portion of the step compensation part.

[0027] The display device and the manufacturing method
therefor according to an exemplary embodiment of the
present invention as described above have the following
effects.

[0028] With the display device and the manufacturing
method therefor according to an exemplary embodiment of
the present invention, the display device is manufactured
using a single substrate, thereby making it possible to
decrease weight, thickness, cost, and process time of the
display device.

[0029] In addition, in the display device according to an
exemplary embodiment of the present invention, some of the
materials configuring the display part are stacked outside the
display part to form a step compensation part, thereby reduc-
ing unevenness of the overcoat caused by a step difference in
height between the display part and the non-display part.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG.1isaplanview ofadisplay device according to
an exemplary embodiment of the present invention.

[0031] FIG. 2 is a schematic cross-sectional view of the
display device taken along line II-1I of FIG. 1.

[0032] FIG. 3 is a plan view showing one pixel of the
display device according to an exemplary embodiment of the
present invention.

[0033] FIG.4isapartial cross-sectional view of the display
device according to an exemplary embodiment of the present
invention taken along line IV-1V of FIG. 1.

[0034] FIG.S5isapartial cross-sectional view of the display
device according to an exemplary embodiment of the present
invention taken along line V-V of FIG. 1.

[0035] FIG. 6is a view showing a cross section of a display
device according to a Comparative Example of the present
invention that is substantially the same as a cross section of
FIG. 2.

[0036] FIGS. 7 to 10 are views showing materials config-
uring a step compensation part according to another exem-
plary embodiment of the present invention.

[0037] FIG. 11 is a graph showing a thickness of an over-
coat in the display device according to a Comparative
Example.

[0038] FIG. 12 is an image of a polarizer attached to an
overcoat of the display device according to a Comparative
Example.

[0039] FIGS. 13A to 13 D are graphs obtained by simulat-
ing an overcoat planarization effect by compensation of a
lower step.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0040] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

[0041] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. The various
Figures are thus not to scale. Like reference numerals desig-
nate 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. All numerical values are approximate, and
may vary. All examples of specific materials and composi-
tions areto be taken as nonlimiting and exemplary only. Other
suitable materials and compositions may be used instead.
[0042] Hereinafter, a display device according to an exem-
plary embodiment of the present invention will be schemati-
cally described below.

[0043] FIG.1isaplanview ofa display device according to
an exemplary embodiment of the present invention. For con-
venience, only some components are shown in FIG. 1.
[0044] The display device according to an exemplary
embodiment of the present invention includes a substrate 110
made of a material such as glass, plastic, or the like, and a roof
layer 360 formed on the substrate 110.
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[0045] The substrate 110 includes a plurality of pixel areas
PX. The pixel areas PX are disposed in a matrix form includ-
ing a plurality of pixel rows and a plurality of pixel columns.
Each pixel area PX may include a first sub-pixel area PXa and
asecond sub-pixel area PXb. The first sub-pixel area PXa and
the second sub-pixel area PXb may be disposed at upper and
lower portions of their pixel PX. That is, the sub-pixels PXa
and PXb may be arranged in a vertical column.

[0046] A first valley V1 is positioned in a pixel row direc-
tion between the first sub-pixel area PXa and the second
sub-pixel area PXb, and a second valley V2 is positioned
between adjacent pixel columns.

[0047] The roof layer 360 is formed in the pixel row direc-
tion. Here, the roof layer 360 is removed in the first valley V1,
such that an injection hole 307 is formed, and components
positioned below the roof layer 360 may be thereby exposed
to the outside.

[0048] Therespective roof layers 360 are formed so as to be
spaced apart from the substrate 110 between adjacent second
valleys V2, such thata microcavity 305 is formed. In addition,
the respective roof layers 360 are formed so as to be attached
to the substrate 110 in the second valleys V2, thereby cover-
ing both sides of the microcavity 305.

[0049] Although the roof layer 360 is shown in FIG. 1 as
being formed in the display area DA, the roof layer 360
actually extends beyond and outside of the display area DA in
an exemplary embodiment of the present invention. For
example, the roof layer 360 may be extended out to a step
compensation part 700. In addition, although not shown in
FIG. 1, an overcoat formed on the roof layer may also be
extended up to the area of the step compensation part.
[0050] Referring to FIG. 1, the display device according to
an exemplary embodiment of the present invention may
include the step compensation part 700 formed along an outer
edge of the display area DA.

[0051] FIG. 2 is a schematic cross-sectional view of the
display device taken along line II-1I of FIG. 1. Referring to
FIG. 2, the step compensation part 700 of the display device
according to an exemplary embodiment of the present inven-
tion may be made of some of the same materials as those used
for pixel Px. That is, as described below, one or more of a
color filter 230, a first insulating layer 240, a sacrifice layer
300, and the roof layer 360 configuring the pixel Px may be
stacked to form the step compensation part 700.

[0052] The step compensation part 700 compensates for a
step difference in height or elevation between the display area
DA and its neighboring non-display area, to allow the over-
coat 390 to be flatly formed, or formed with a flatter upper
surface. In the case in which the step compensation part 700
is not present, a groove is formed at an edge of the overcoat
390 due to a step change in height at the edge of the display
area DA, and due to surface tension of a material of the
overcoat 390. This groove subsequently causes a problem that
a polarizer or the like may not be uniformly attached, which
hinders a bezel from being minimized.

[0053] However, in the display device according to an
exemplary embodiment of the present invention, the step
compensation part 700 compensating for the step is formed at
the outer side of the display part DA to allow an upper portion
of the overcoat 390 to be more flatly formed. Further details
are described below.

[0054] Although the step compensation part 700 is shaped
to enclose the four edges of the display part (DA) in FIG. 1,
the step compensation parts 700 may alternatively be formed
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as four bars separated from each other and positioned on the
four edges of the display part, respectively. In addition, the
step compensation parts 700 may also be formed at only some
of the four edges of the display part DA.

[0055] In addition, the structure of the display device
according to this exemplary embodiment of the present inven-
tionis only an example, and may be modified in various ways.
For example, the shapes and configurations of the pixel area
PX, the first valley V1, and the second valley V2 may be
changed, the plurality of roof layers 360 may also be con-
nected to each other in the first valley V1, and some of the
respective roof layers 360 may also be formed so as to be
spaced apart from the substrate 110 in the second valley V2,
such that adjacent microcavities 305 may be connected to
each other.

[0056] Next, one pixel of the display device according to an
exemplary embodiment of the present invention will be
described with reference to FIGS. 1 to 5.

[0057] FIG. 3 is a plan view showing one pixel of the
display device according to an exemplary embodiment of the
present invention; FIG. 4 is a partial cross-sectional view
taken along line IV-IV of FIG. 1; and FIG. 5 is a partial
cross-sectional view of the display device taken along line
V-V of FIG. 1.

[0058] Referring to FIGS. 1 to 5, a plurality of gate con-
ductors including a plurality of gate lines 121, a plurality of
step-down gate lines 123, and a plurality of sustain electrode
lines 131 are formed on the substrate 110.

[0059] The gate lines 121 and the step-down gate lines 123
mainly extend in a horizontal direction, and transfer gate
signals. The gate conductors further include first and second
gate electrodes 124/ and 124/ protruding both upward and
downward from the gate line 121 and a third gate electrode
124¢ protruding upward from the step-down gate line 123.
The first and second gate electrodes 124/ and 124/ are con-
nected to each other to form one protrusion part. Here, the
first, second, and third gate electrodes 124/, 124/, and 124¢
and their protrusions may take on various shapes as desired.
[0060] The sustain electrode lines 131 mainly extend in the
horizontal direction and transfer a predetermined voltage,
such as a common voltage Vcom or the like. The sustain
electrode line 131 includes sustain electrodes 129 protruding
upward and downward from the line 131, a pair of vertical
parts 134 extended downward so as to be substantially per-
pendicular to the gate line 121, and a horizontal part 127
connecting ends of the pair of vertical parts 134 to each other.
The horizontal part 127 includes a capacitor electrode 137
extended downward.

[0061] A gate insulating layer 140 is formed on the gate
conductors 121, 123, 124%, 124/, 124¢, and 131. The gate
insulating layer 140 may be made of an inorganic insulating
material such as a silicon nitride (SiNx), a silicon oxide
(SiOx), or the like. In addition, the gate insulating layer 140
may be formed as a single layer or a multilayer.

[0062] A first semiconductor 154/, a second semiconduc-
tor 154/, and a third semiconductor 154¢ are formed on the
gate insulating layer 140. The first semiconductor 154/ may
be positioned on the first gate electrode 1244, the second
semiconductor 154/ may be positioned on the second gate
electrode 124/, and the third semiconductor 154¢ may be
positioned on the third gate electrode 124¢. The first semi-
conductor 1544 and the second semiconductor 154/ may be
connected to each other, and the second semiconductor 154/
and the third semiconductor 154¢ may also be connected to
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each other. Inaddition, the first semiconductor 154/ may also
extend below a data line 171. The first to third semiconductors
1547, 1541, and 154¢ may be made of an amorphous silicon,
a polycrystalline silicon, a metal oxide, or the like.

[0063] Ohmic contacts (not shown) may be further formed
on the first to third semiconductor 1544, 154/, and 154c,
respectively. The ohmic contacts may be made of a material
such as a silicide or an n+ hydrogenated amorphous silicon
doped with n- type impurities at a high concentration.
[0064] Data conductors including the data lines 171, first
source electrodes 173/, second source electrodes 173/, third
source electrodes 173¢, first drain electrodes 1754, second
drain electrodes 175/, and third drain electrodes 175¢ are
formed on the first to third semiconductor 154/, 154/, and
154c.

[0065] The data lines 171 transfer data signals and mainly
extend in the vertical direction to intersect with the gate lines
121 and the step-down gate lines 123. The respective data
lines 171 also have extensions toward the first gate electrode
124 and the second gate electrode 124/, which form the con-
nected first and second source electrodes 173/% and 1731
[0066] The first to third drain electrodes 1754, 175/, and
175¢ each include one end portion that is wide and another
end portion that has a rod shape. The rod-shaped end portions
of the first and second drain electrodes 175k and 175/ are
partially enclosed by the first and second source electrodes
173k and 173/. The widened end portion of the second drain
electrode 175/ has a “U” shape to form the third source
electrode 173¢. The wide end 177¢ of the third drain electrode
175¢ overlaps the capacitor electrode 137 to form a step-
down capacitor Cstd, and the rod-shaped end of third drain
electrode 175c¢ is partially enclosed by the third source elec-
trode 173¢,

[0067] The first gate electrode 124k, the first source elec-
trode 173/, and the first drain electrode 175k form, together
with a first semiconductor 154/, a first thin film transistor Qh.
Similarly, the second gate electrode 124/, the second source
electrode 173/, and the second drain electrode 175/ form,
together with a second semiconductor 154/, a second thin film
transistor Q1. Likewise, the third gate electrode 124c¢, the third
source electrode 173¢, and the third drain electrode 175¢
form, together with a third semiconductor 154¢, a third thin
film transistor Qc.

[0068] The first semiconductor 1544, the second semicon-
ductor 154/, and the third semiconductor 154¢ may be con-
nected to each other to thereby form a linearly shaped semi-
conductor structure, and may have plan-view shapes that are
substantially the same as those of the data conductors 171,
1734, 1731, 173¢, 175k, 175, and 175¢ and the ohmic con-
tacts disposed therebelow except for channel areas between
the source electrodes 1735, 1731, and 173¢ and the respective
drain electrodes 175k, 1757, and 175c¢.

[0069] The first semiconductor 154/ has a portion exposed
without being covered by the first source electrode 173/ and
the first drain electrode 1754 (e.g., between the first source
electrode 173/ and the first drain electrode 1754%), the second
semiconductor 154/ has a portion exposed without being
covered by the second source electrode 173/ and the second
drain electrode 175/ (e.g., between the second source elec-
trode 173/ and the second drain electrode 175/), and the third
semiconductor 154¢ has a portion exposed without being
covered by the third source electrode 173¢ and the third drain
electrode 175/c (e.g.. between the third source electrode 173¢
and the third drain electrode 175/c).
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[0070] A passivation layer 180 is formed on the semicon-
ductors 1544, 154/, and 154¢ and the data conductors 171,
173h,1731,173¢, 175k, 1751, and 175¢. The passivation layer
180 may be made of an organic insulating material or an
inorganic insulating material, and be formed in a single layer
or a multilayer configuration.

[0071] The color filters 230 are formed in the respective
pixel areas PX on the passivation layer 180. Each color filter
230 may display one of the primary colors such as red, green,
or blue. The color filter 230 is not limited to displaying these
three primary colors, but may also (or instead) display a cyan,
amagenta, a yellow, a white, or the like. The color filters 230
may have longer edges that extend along a column direction
between neighboring data lines 171, or the longer edges may
instead extend in a row direction.

[0072] Here, referring to FIGS. 1 and 2, the color filter 230
may be formed at the step compensation part 700 at an outer
edge of the display area, as well as (or alternatively) within
one pixel of the display area DA. At the step compensation
part 700, all of the color filters 230 including a red 230R, a
green 230G, and a blue 230B may be stacked, or one or two of
the color filters 230 may be selectively stacked. Since depths
of formed grooves are different from each other depending on
akind and a drying condition of overcoats 390, the number of
color filters stacked in the step compensation part 700 may be
appropriately adjusted depending on the materials used for
the overcoats 390.

[0073] Light blocking members 220 are formed in areas
between neighboring color filters 230. The light blocking
members 220 may be formed at boundary portions of the
pixel areas PX and over thin film transistors, to prevent leak-
age of light. The color filters 230 may be formed in the first
and second sub-pixel areas PXa and Pxb, respectively, and the
light blocking members 220 may be formed between the first
and second sub-pixel areas PXa and Pxb.

[0074] The light blocking members 220 include horizontal
light blocking members 220a extending along and over the
gate lines 121 and the step-down gate lines 123, and covering
an area in which the first thin film transistor Qh, the second
thin film transistor Ql, the third thin film transistor Qc and the
like are positioned. The light blocking members 220 also
include and vertical light blocking members 2205 extending
along and over the data lines 171. That is, the horizontal light
blocking members 220a may be formed in the first valley V1,
and the vertical light blocking members 2205 may be formed
in the second valley V2. The color filters 230 and the light
blocking members 220 may partially overlap each other.

[0075] As shown in FIG. 2, the light blocking member 220
may also have portions positioned outside the display area
DA. This portion is shown in FIG. 2 as an outer light blocking
member 220E. The outer light blocking member 220E may be
formed by the same process as that for forming the light
blocking member 220 in the display area, or may be formed
by a separate process. In the case in which a stacked structure
having multiple color filters 230 stacked upon each other is
formed outside the display area DA, the outer light blocking
member 220F may be formed to cover this stack structure.

[0076] The first insulating layer 240 may be further formed
on the color filters 230 and the light blocking members 220.
The first insulating layer 240 may be made of an inorganic
insulating material such as a silicon nitride (SiNx), a silicon
oxide (SiOx), a silicon oxynitride (SiOxNy), or the like. The
first insulating layer 240 may serve to protect the color filters
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230 and the light blocking members 220 (especially when
they are made of an organic material) and may be omitted, if
necessary.

[0077] The firstinsulating layer 240 also acts as a planariz-
ing layer simultaneously with protecting the color filters 230
and the light blocking members 220. That is, the first insulat-
ing layer 240 helps create a flat surface for pixel electrode to
be formed thereon.

[0078] The first insulating layer 240 may be extended out-
side the display area DA, as shown in FIG. 2. The first insu-
lating layer 240 may be formed so as to cover the entirety of
the substrate 110, although alternative embodiments entail
only partial coverage.

[0079] A plurality of first contact holes 185/ and a plurality
of second contact holes 185/ each exposing wide end portions
of the first and second drain electrodes 175k and 175/ are
formed in the first insulating layer 240, the light blocking
members 220, and the passivation layer 180.

[0080] The pixel electrode 191 is formed on the first insu-
lating layer 240. The pixel electrode 191 may be made of a
transparent metal material such as an indium tin oxide (ITO),
an indium zinc oxide (IZ0), or the like.

[0081] 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 sub-pixel elec-
trodes 1914 and 191/are disposed at upper and lower portions
of the pixel area PX, i.e. above and below the gate line 121 and
the step-down gate line 123, and neighboring each other in the
column direction. That is, 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,
the first sub-pixel electrode 191% is positioned in the first
sub-pixel area PXa, and the second sub-pixel electrode 191/ is
positioned in the second sub-pixel area PXb.

[0082] 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. Therefore, when the first thin film transistor Qh
and the second thin film transistor QI are in their on states,
they receive data voltages from the first and second drain
electrodes 175k and 1751

[0083] Each of the first sub-pixel electrode 191% and the
second sub-pixel electrode 191/ generally has a rectangular
shape and includes cross shaped stem parts including hori-
zontal stem parts 193/ and 193/ and vertical stem parts 192/
and 192/ that intersect the horizontal stem parts 193% and
193/. In addition, the first sub-pixel electrode 191/ and the
second sub-pixel electrode 191/ include a plurality of fine
branch parts 194/ and 1941 and protrusion parts 197/ and
197! protruding upward or downward from edges or sides of
the sub-pixel electrodes 191/ and 191/, respectively.

[0084] The pixel electrode 191 is divided into four sub-
areas by the horizontal stem parts 193/ and 193/ and the
vertical stem parts 192/ and 192/. The fine branch parts 194/
and 1941 extend obliquely from the horizontal stem parts
193/ and 193/ and the vertical stem parts 192/ and 192/, and
adirection of extension of the fine branch parts 194/ and 1941
may form an angle of approximately 45 degrees or 135
degrees with respect to the gate lines 121 or the horizontal
stem parts 193/ and 193/. In addition, directions of extension
of the fine branch parts 1944 and 1941 of two neighboring
sub-areas may be perpendicular to each other.
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[0085] 1Inthe present exemplary embodiment, the first sub-
pixel electrode 191/ further includes an outer stem part
enclosing an outer side, and the second sub-pixel electrode
191/ further includes horizontal parts positioned at upper and
lower ends and left and right vertical parts 198 of the first
sub-pixel electrode 191/%. The left and right vertical parts 198
may prevent capacitive coupling between the data line 171
and the first sub-pixel electrode 1914.

[0086] The form in which the pixel area is disposed, the
structure of the thin film transistor, and the shape of the pixel
electrode described above are only examples. That is, the
present invention is not limited thereto, but may be modified
in various ways.

[0087] A common electrode 270 is formed above the pixel
electrode 191 so as to be spaced apart from the pixel electrode
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 enclosed by the pixel
electrode 191 and the common electrode 270. A width of the
microcavity 305 may be changed in any manner depending
on, for example, a size and a resolution of the display device.
[0088] The common electrode 270 may be made of a trans-
parent metal material such as an indium tin oxide (ITO), an
indium zinc oxide (IZ0), or the like. 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.

[0089] A first alignment layer 11 is formed on the pixel
electrode 191. The first alignment layer 11 may alternatively
be formed only on that portion of the first insulating layer 240
which is not covered by the pixel electrode 191.

[0090] A second alignment layer 21 is formed beneath the
common electrode 270 so as to face the first alignment layer
11.

[0091] The first alignment layer 11 and the second align-
ment layer 21 may be vertical alignment layers and may be
made of an alignment material such as polyamic acid, polysi-
loxane, polyimide, or the like. The first and second alignment
layers 11 and 21 may be connected to each other at an edge of
the pixel area PX.

[0092] A liquid crystal layer made of liquid crystal mol-
ecules 310 is formed in the microcavity 305 so as to be
positioned between the pixel electrode 191 and the common
electrode 270. The liquid crystal molecules 310 may have
negative dielectric anisotropy and may thus orient themselves
in a direction perpendicular to the substrate 110 when no
electric field is applied. That is, vertical alignment may be
made.

[0093] The first sub-pixel electrode 191/ and the second
sub-pixel electrode 191/ receive the data voltage to generate
the electric field together with the common electrode 270,
thus determining directions of the liquid crystal molecules
310 positioned within the microcavity 305 between the two
elements 191 and 270. Luminance of light passing through
the liquid crystal layer is altered depending on the direction of
the liquid crystal molecules 310.

[0094] A second insulating layer 350 may be further
formed on the common electrode 270. The second insulating
layer 350 may be made of an inorganic insulating material
such as a silicon nitride (SiNx), a silicon oxide (SiOx), a
silicon oxynitride (SiOxNy), or the like, and be omitted if
desired.

[0095] The rooflayers 360 are formed on the second insu-
lating layer 350. The roof layer 360 may be made of an
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organic material. The microcavity 305 is formed below the
roof layer 360, and the roof layer 360 may be hardened by a
hardening process to help maintain the shape of the micro-
cavity 305. That is, with reference to FIG. §, the thicker
portions of roof layer 360 are formed so as to be spaced apart
from each other with the pixel electrode 191 and the micro-
cavity 305 interposed therebetween.

[0096] The thicker portions of roof layer 360 are formed in
the respective pixel areas PX and the second valleys V2 along
the pixel rows but are not formed in the first valleys V1. That
is, as shown in FIG. 4, the thicker portions of roof layer 360
are not formed between the first sub-pixel area PXa and the
second sub-pixel area PXb. The microcavities 305 are formed
below the rooflayer 360 in the first sub-pixel area PXa and the
second sub-pixel area PXb. The microcavity 305 is not
formed below the roof layer 360 in the second valley V2, and
the roof layer 360 is formed so as to be attached to the
substrate 110. Therefore, a thickness of the roof layer 360
positioned in the second valley V2 may be thicker than that of
the roof layer 360 positioned in each first sub-pixel area PXa
and second sub-pixel area PXb. Each microcavity 305 has a
form in which an upper surface and both side surfaces thereof
are covered by the roof layer 360.

[0097] As shown in FIG. 2, the roof layer 350 may also be
formed outside the display area DA. In the case in which the
roof layer 350 is expanded to the outside of the display area
DA, it may configure a portion of the step compensation part
700.

[0098] The injection holes 307 exposing portions of the
microcavities 305 are formed in the common electrodes 270,
the second insulating layers 350, and the rooflayers 360. The
injection holes 307 may be formed at edges of the first sub-
pixel area PXa and the second sub-pixel area PXb so as to face
each other. That is, the injection holes 307 may be formed so
as to expose side surfaces of the microcavities 305 that cor-
respond to lower sides of the first sub-pixel area PXa and
upper sides of the second sub-pixel area PXb. Since the inte-
riors of microcavities 305 are exposed by the injection holes
307, an alignment agent, a liquid crystal material, or the like,
may be injected into the microcavities 305 through the injec-
tion holes 307.

[0099] A third insulating layer 370 may be further formed
on the roof layer 360. The third insulating layer 370 may be
made of an inorganic insulating material such as a silicon
nitride (SiNx), a silicon oxide (S8i0x), a silicon oxynitride
(SiOxNy), or the like. The third insulating layer 370 may be
formed so as to cover an upper surface and side surfaces ofthe
rooflayer 360. The third insulating layer 370 serves to protect
the roof layer 360.

[0100] Although a structure in which the third insulating
layer 370 is formed on the roof layer 360 has been described
above, the present invention is not limited thereto. That s, for
example, the third insulating layer 370 may be omitted.
[0101] The overcoat 390 may be formed on the third insu-
lating layer 370. The overcoat 390 may be formed so as to
cover the injection hole 307. That is, the overcoat 390 may
seal each microcavity 305 so that the liquid crystal molecules
310 formed in the microcavities 305 do not leaked out. Since
the overcoat 390 contacts the liquid crystal molecules 310,
the overcoat 390 is preferably made of'a material that does not
react with the liquid crystal molecules 310. For example, the
overcoat 390 may be formed of parylene, or the like.

[0102] The overcoat 390 may be formed of a multilayer
such as a double layer, a triple layer, or the like. The double
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layer may be formed of two layers made of different materi-
als. The triple layer may be formed of three layers of which
adjacent layers are made of different materials. For example,
the overcoat 390 may include a layer made of an organic
insulating material and a layer made of an inorganic insulat-
ing material.

[0103] The overcoat 390 may both cover the display area
DA and extend beyond it. The overcoat 390 may have a
thickness of 10 um or more. That is, as shown in FIG. 2, the
thickness of the overcoat 390 may be thicker than the com-
bined thickness of all structures positioned below the over-
coat 390.

[0104] Although not shown, 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 to the
overcoat 390.

[0105] Here, since the second polarizer is attached to the
overcoat 390, it is desirable for an upper portion of the over-
coat 390 to beflat. In the case in which the upper portion of the
overcoat 390 is not flat, the polarizer may not be uniformly
attached. Therefore, the polarizer may be subject to lifting.

[0106] In the display device according to an exemplary
embodiment of the present invention, as shown in FIG. 2, the
step compensation part 700 is present at the outer edge of the
display area DA of the display device. The step compensation
part 700 compensates for a step between the display area DA
and a non-display area, to allow the upper portion of the
overcoat 390 to be more flatly formed. Therefore, in a subse-
quent polarizer attaching process, the polarizer may be more
uniformly attached and thus less susceptible to lifting. In the
case in which the polarizer is not uniformly attached, the area
in which the polarizer is lifted may not serve as the display
part, such that it is difficult to decrease the bezel. However, as
in the present invention, in the case in which the polarizer is
entirely uniformly attached to the upper portion of the display
device, an area that may serve as the display part may be
maximized. Therefore, the bezel may be minimized.

[0107] Next, display devices according to various exem-
plary embodiments of the present invention and effects
thereof will be described in detail with reference to a Com-
parative Example. FIG. 6 is a view showing a cross section of
a display device according to a Comparative Example that is
substantially the same as a cross section of FIG. 2. Referring
to FIG. 6, in the display device according to a Comparative
Example, a separate step compensation part is not present
outside a display area DA. Therefore, as shown in FIG. 6, an
overcoat 390 has a groove formed at an edge thereof, resulting
from a step between the display area DA and a non-display
area, as well as surface tension of the overcoat 390.

[0108] A depthofthe groove may be changed depending on
a material of the overcoat 390 and process conditions, but
may be on the order of tens of micrometers. That is, the depth
of the groove may be about 1 to 30 um.

[0109] As a result of the groove formed at the edge of the
overcoat 390, the polarizer is not uniformly attached to an
upper portion of the overcoat 390.

[0110] FIG. 11 is a graph showing a thickness of an over-
coat in the display device according to the Comparative
Example. Referring to FIG. 11, a groove and a thick bump or
vertical protrusion appear at the edge of the overcoat. This is
due to the surface tension of the overcoat and the step differ-

Jun. 9, 2016

ence in height between the display part and the non-display
part underneath the overcoat, as described above.

[0111] Therefore, in the case in which the polarizer is
attached to an overcoat having non-uniform thickness, the
polarizer does not closely adhere to the overcoat due to the
uneven or non-uniform thickness of the overcoat. FIG. 12 is
an image of a polarizer attached to the overcoat in a display
device according to the Comparative Example of the present
invention.

[0112] Referring to FIG. 12, an area in which the polarizer
is not attached, but is lifted is brighter than the surrounding
areas. That is, as shown in FIG. 12, due to the non-uniform
thickness of the overcoat, the polarizer is not entirely
attached, but is partially lifted. This portion is subsequently
considered as a defect in the display device, and since the area
in which the polarizer is lifted at the edge of the overcoat
should be covered with a light blocking member or the like to
compensate for its added brightness, a width of the bezel is
increased. That is, in the case in which the polarizer is lifted at
the edge of the overcoat due to the non-uniform thickness of
the overcoat, a width of the bezel is kept from being shrunk,
due to the need for an added light blocking mechanism at the
edge of the display area.

[0113] However, in the display device according to an
exemplary embodiment of the present invention, the step
compensation part is formed at the outer edge of the display
area DA to make the upper portion of the overcoat 390 flatter.
Therefore, in the case in which the polarizer is attached to the
overcoat 390, the polarizer may be more uniformly attached
onto the overcoat 390, thus preventing lifting and thereby
making it possible to decrease defects in the display device
and reduce bezel size.

[0114] A position of the step compensation part may be
varied depending on, for example, the kind of overcoat used.
That is, a position at which the groove is formed may vary by
the material of the overcoat, and the position of the step
compensation part may be adjusted accordingly.

[0115] 1In addition, a thickness and a width of the step
compensation part may also be changed depending on, for
example, the kind of overcoat and process conditions. As
described below, a depth of the groove may also be changed
depending on factors such as the kind of overcoat and process
conditions such as a drying condition. Therefore, the thick-
ness and the width of the step compensation part may be
appropriately adjusted and implemented by a person of an
ordinary skill in the art depending on factors such as the kind
of overcoat used in the display device and the drying condi-
tions.

[0116] A width of the step compensation part may be gen-
erally 0.01 to 5 pm, which is only an example of a numerical
value, but is not limited thereto. Likewise, a height of the step
compensation part may be about 1 to 30 um, but is not limited
thereto. The step compensation part may include or be made
of one or more of the materials used in the display area. A kind
of material included in the step compensation part may be
changed depending on factors such as a thickness of the step
compensation part.

[0117] FIGS. 7 to 10 are views showing a step compensa-
tion part according to another exemplary embodiment of the
present invention.

[0118] Referring to FIG. 7, in the display device according
to an exemplary embodiment of F1G. 7, the step compensa-
tion part includes only the roof layer 360. That is, in the case
in which the material of the overcoat 390 does not produce
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deep grooves, the step may be compensated for only by
extending the roof layer 360 into the non-display area, as
shown in FIG. 7.

[0119] Alternatively, referring to FIG. 8, the step compen-
sation part 700 may include only a material of the roof layer
360 and a material of a sacrifice layer 300. The sacrifice layer
300 is a material stacked in order to form the microcavities
305, and in the display area DA, the sacrifice layer 300 is
formed and then removed by a liquid chemical, or the like,
thus forming the microcavities 305. However, the sacrifice
layer 300 may be kept in the area of the step compensation
part, without being removed, and be then protected by the
roof layer 360 to form the step compensation part 700.
[0120] Alternatively, referring to FIG. 9, the step compen-
sation part 700 may be constructed as a stack that includes the
color filter 230R, the outer light blocking member 220E, the
first insulating layer 240, the sacrifice layer 300, and the roof
layer 360. Here, although the case in which the color filter
used in step compensation part 700 is the red color filter
230R, one of ordinary skill in the art will observe that a color
filter of any color may be used.

[0121] Alternatively, referring to FIG. 10, the step compen-
sation part 700 may include both color filters 230R and 230G,
the outer light blocking member 220F, the first insulating
layer 240, the sacrifice layer 300, and the roof layer 360. Here,
although the double layer of color filters uses red color filter
230R and green color filter 230G, one of ordinary skill in the
art will observe that the double layer may include any com-
bination of color filters having any colors.

[0122] As described above, in the display device according
to an exemplary embodiment of the present invention, the
step compensation part 700 includes one or more of the mate-
rials configuring the display part DA, and is formed at the
outer edge of the display area DA to allow the upper surface
of overcoat 390 to be flatter.

[0123] FIGS. 13A to 13D are graphs obtained by simulat-
ing an overcoat planarization effect by compensation of a
lower step. FIG. 13 corresponds to a Comparative Example in
which the step is not compensated for, and FIGS. 13B to 13D
correspond to an exemplary embodiment of the present inven-
tion in which the step is compensated for.

[0124] In the case in which a low portion of the overcoat is
flat as in FIG. 13A, a protrusion part is formed at an edge of
the overcoat by step difference in height and by surface ten-
sion. Although the protrusion part is first formed so as to be
high at the edge, the protrusion part slowly spreads inward so
as to appear lower and wider over time.

[0125] However, in the case in which a more gradually
reduced step is used as in FIGS. 13B to 13D, the protrusion
part of the overcoat is not formed or is offset by the more
gradually reduced height difference even though the protru-
sion part is formed, thereby configuring substantially a flat
surface. That is, it may be confirmed through an experiment
result of FIGS. 13A to 13D that flatness of the overcoat may
be adjusted by more gradually reducing elevation rather than
allowing a step difference in height.

[0126] That is, in the present invention, a step compensa-
tion part is formed at the outer edge of the display area using
some of the materials configuring the display part, in order to
compensate for the step difference in height between the
display area and the surrounding non-display area of the
display device, thereby making it possible to prevent forma-
tion of an overcoat that is not flat, which occurs due to the
surface tension and the lower step of the overcoat. Therefore,
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the polarizer may be more uniformly attached to the upper
portion of the overcoat without being lifted, thereby making it
possible prevent defects in the display device and implement
a bezel with a narrower width.

[0127] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims. Furthermore, different features of the vari-
ous embodiments, disclosed or otherwise understood, can be
mixed and matched in any manner to produce further embodi-
ments within the scope of the invention.

<Description of symbols>

11: first alignment layer

110: substrate

121: gate line

124h: first gate electrode

124c: third gate electrode

140: gate insulating layer

1541: second semiconductor

171: data line

1731: second source electrode

175h: first drain electrode

175¢: third drain electrode

191: pixel electrode

1911: second sub-pixel electrode

230: color filter

270: common electrode

305: microcavity

310: liquid crystal molecule
layer

360: roof layer

390: overcoat

21: second alignment layer

123: step-down gate line
1241: second gate electrode
131: sustain electrode line
154h: first semiconductor
154c: third semiconductor
173h: first source electrode
173c¢: third source electrode
1751: second drain electrode
180: passivation layer
191h: first sub-pixel electrode
220: light blocking member
240: first insulating layer
300: sacrifice layer
307: injection hole
350: second insulating

370: third insulating layer
700: step compensation part

What is claimed is:
1. A display device comprising:
adisplay partincluding a plurality of pixel areas formed on
a substrate; and
a non-display part positioned outside and proximate to the
display part,
wherein the display part includes:
apixel electrode formed in at least one of the pixel areas;
a roof layer formed on the pixel electrode so as to be
spaced apart from the pixel electrode with a cavity
interposed therebetween;
a liquid crystal positioned within the cavity;
an injection hole formed in the roof layer; and
an overcoat formed on the roof layer so as to cover the
injection hole and seal the cavity, and
wherein the non-display part includes a step compensation
part configured to compensate for a difference in eleva-
tion between an upper surface of the display part and an
upper surface of the non-display part, the step compen-
sation part including a material of the roof layer.
2. The display device of claim 1, wherein:
the step compensation part further includes one or more
materials of the display part.
3. The display device of claim 1, wherein:
the display part has a common electrode formed therein,
the common electrode being electrically insulated from
the pixel electrode.
4. The display device of claim 1, further comprising:
a color filter stacked below the pixel electrode.
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5. The display device of claim 1, wherein:

the roof layer is formed so as to cover the display part and
to extend into the non-display part.

6. The display device of claim 1, wherein:

the cavity is formed by applying a sacrifice layer onto the
pixel electrode, patterning the sacrifice layer, forming
the roof layer on the sacrifice layer, and removing the
sacrifice layer.

7. The display device of claim 4, wherein:

the step compensation part includes at least one color filter
layer.

8. The display device of claim 6, wherein:

the step compensation part includes material of the sacri-
fice layer.

9. The display device of claim 4, wherein:

the color filter and the pixel electrode have a first insulating
layer formed therebetween.
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10. The display device of claim 9, wherein:

the step compensation part includes the first insulating
layer.

11. The display device of claim 1, wherein:

the step compensation part has a width of approximately
0.01 to 5 pm.

12. The display device of claim 1, wherein:

the step compensation part has a height of approximately 1
to 30 um.

13. The display device of claim 1, wherein:

the step compensation part is formed so as to substantially
surround four outer edges of the display part.

14. The display device of claim 1, wherein:

the step compensation part is formed so as to be proximate
to less than every outer edge of the display part.

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

a polarizer attached to the overcoat.

16. The display device of claim 15, wherein:

the polarizer is substantially entirely attached to an upper
portion of the step compensation part.
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