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asecond first-pixel subpixel electrode. The second pixel may
neighbor the first pixel and may include a first second-pixel
subpixel electrode and a second second-pixel subpixel elec-
trode. The first liquid crystal layer may be formed of a first
liquid crystal material and may overlap the second first-pixel
subpixel electrode. The second liquid crystal layer may be
formed of a second liquid crystal material and may overlap
the first second-pixel subpixel electrode. A material property
of the first liquid crystal material may be different from a
material property of the second liquid crystal material.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2015-0002969 filed in the
Korean Intellectual Property Office on Jan. 8,2015; the entire
contents of the Korean Patent Application are incorporated
herein by reference.

BACKGROUND
[0002] (a) Field
[0003] The present invention is related to a liquid crystal
display device.
[0004] (b) Description of the Related Art
[0005] A liquid crystal display device may include two

panels with field generating electrodes, such as a pixel elec-
trode and a common electrode, and may include a liquid
crystal layer interposed between the two panels. The liquid
crystal display device may generate electric fields in the lig-
uid crystal layer by applying a voltage to the electric field
generating electrodes to control orientations of liquid crystal
molecules of the liquid crystal layer for controlling transmis-
sion of incident light, so as to display images. Two substrates
may be used for implementing the two panels. The two sub-
strates may undesirably contribute to the thickness, the
weight, the manufacturing cost, and/or the manufacturing
time of the liquid crystal display device.

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

SUMMARY

[0007] An embodiment of the present invention may be
related to a display device that is manufactured by using one
substrate. Advantageously, a weight, a thickness, a cost, and/
or a manufacturing time associated with the display device
may be minimized

[0008] Embodiment of the present invention may be related
to adisplay device that can produce three or more gray values
using combinations of two voltage levels and two liquid crys-
tal materials. Advantageously, the display device may display
images with satisfactory visibility (e.g., satisfactory side vis-
ibility).

[0009] An embodiment of the present invention may be
related to a display device. The display device may include a
first pixel, a second pixel, a first liquid crystal layer, and a
second liquid crystal layer. The first pixel may include a first
first-pixel subpixel electrode and a second first-pixel subpixel
electrode. The second pixel may (immediately) neighbor the
first pixel and may include a first second-pixel subpixel elec-
trode and a second second-pixel subpixel electrode. The sec-
ond liquid crystal layer may be formed of a second liquid
crystal material and may overlap the first second-pixel sub-
pixel electrode. A material property of the first liquid crystal
material may be different from a material property of the
second liquid crystal material. These features may be appre-
ciated from, for example, description related to one or more of
FIG. 1, FIG. 2, FIG. 6, and FIG. 7 in this application.
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[0010] A size of the first first-pixel subpixel electrode may
be less than a size of the second first-pixel subpixel electrode.
A size of the first second-pixel subpixel electrode may be less
than a size of the second second-pixel subpixel electrode. A
size of the first first-pixel subpixel electrode may be equal to
asize of the first second-pixel subpixel electrode. A size of the
second first-pixel subpixel electrode may be equal to a size of
the second second-pixel subpixel electrode. The first liquid
crystal layer may be formed of a first liquid crystal material
and may overlap the second first-pixel subpixel electrode.
These features may be appreciated from, for example,
description related to one or more of FIG. 1, FIG. 2, FIG. 6,
and FIG. 7 in this application.

[0011] The display device may include a gate line, which
may be electrically connected to a gate electrode of the first
pixel. The first pixel may be aligned with the second pixel in
a direction parallel to an extension direction of the gate line.
These features may be appreciated from, for example,
description related to one or more of FIG. 1 and FIG. 2 in this
application.

[0012] Thedisplay device may include a third liquid crystal
layer and a fourth liquid crystal layer. The third liquid crystal
layer may be formed of the first liquid crystal material and
may overlap the first first-pixel subpixel electrode. The fourth
liquid crystal layer may be formed of the second liquid crystal
material and may overlap the second second-pixel subpixel
electrode. These features may be appreciated from, for
example, description related to one or more of FIG. 1 and
FIG. 2 in this application.

[0013] Thedisplay device may include a third pixel, which
may include a first third-pixel subpixel electrode and a second
third-pixel subpixel electrode. The first third-pixel subpixel
electrode may be smaller than second third-pixel subpixel
electrode. The fourth liquid crystal layer may overlap the first
third-pixel subpixel electrode. These features may be appre-
ciated from, for example, description related to one or more of
FIG. 1 and FIG. 2 in this application.

[0014] The display device may include a data line, which
may be electrically connected to a source electrode of the
second pixel. The second electrode may be aligned with the
third pixel in a direction parallel to an extension direction of
the data line. These features may be appreciated from, for
example, description related to one or more of FIG. 1 and
FIG. 2 in this application.

[0015] The display device may include a third pixel, which
may include a first third-pixel subpixel electrode and a second
third-pixel subpixel electrode. The first third-pixel subpixel
electrode may be smaller than second third-pixel subpixel
electrode. The first liquid crystal layer may overlap the first
third-pixel subpixel electrode. These features may be appre-
ciated from, for example, description related to one or more of
FIG. 1 and FIG. 2 in this application.

[0016] The display device may include a data line, which
may be electrically connected to a source electrode of the first
pixel. The first pixel may be aligned with the third pixel in a
direction parallel to an extension direction of the data line.
These features may be appreciated from, for example,
description related to one or more of FIG. 1 and FIG. 2 in this
application.

[0017] Thedisplay device may include a third liquid crystal
layer, which may be formed of the first liquid crystal material
and may overlap the second third-pixel subpixel electrode.
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These features may be appreciated from, for example,
description related to one or more of FIG. 1 and FIG. 2 in this
application.

[0018] The first liquid crystal layer may overlap a first
portion of the second first-pixel subpixel electrode. The sec-
ond liquid crystal layer may overlap a second portion of the
second first-pixel subpixel electrode. These features may be
appreciated from, for example, description related to one or
more of FIG. 2, FIG. 6, and FIG. 7 in this application.
[0019] The display device may include a data line, which
may be electrically connected to a source electrode of the first
pixel. The first pixel may be aligned with the second pixel in
a direction parallel to an extension direction of the data line.
These features may be appreciated from, for example,
description related to one or more of F1G. 2, F1G. 6, and FIG.
7 in this application.

[0020] Thedisplay device may include a third liquid crystal
layer, which may be formed of the second material and may
overlap a first portion of the second second-pixel electrode.
These features may be appreciated from, for example,
description related to one or more of F1G. 2, FIG. 6, and FIG.
7 in this application.

[0021] Thedisplay device may include a fourth liquid crys-
tal layer, which may be formed of the first material and may
overlap a second portion of the second second-pixel elec-
trode. These features may be appreciated from, for example,
description related to one or more of FIG. 2, FIG. 6, and FIG.
7 in this application.

[0022] The display device may include a third pixel, which
may include a first third-pixel subpixel electrode and a second
third-pixel subpixel electrode. The first third-pixel subpixel
electrode may be smaller than second third-pixel subpixel
electrode. The fourth liquid crystal layer may overlap the first
third-pixel subpixel electrode. These features may be appre-
ciated from, for example, description related to one or more of
FIG. 2, FIG. 6, and F1G. 7 in this application.

[0023] The display device may include a data line, which
may be electrically connected to a source electrode of the
second pixel. The second pixel may be aligned with the third
pixel in a direction parallel to an extension direction of the
data line. These features may be appreciated from, for
example, description related to one or more of FIG. 2, FIG. 6,
and FIG. 7 in this application.

[0024] The display device may include a roof layer, which
may overlap the first liquid crystal layer and the second liquid
crystal layer. A first portion of the roof layer may be posi-
tioned between the first liquid crystal layer and the second
liquid crystal layer. A second portion of the roof layer may be
oblique with respect to the first portion of the roof layer in a
plan view of the display device. These features may be appre-
ciated from, for example, description related to one or more of
FIG. 2 and FIG. 7 in this application.

[0025] Thefirst portion of the roof layer may overlap a stem
portion of the second first-pixel subpixel electrode. These
features may be appreciated from, for example, description
related to one or more of F1G. 2 and F1G. 7 in this application.
[0026] The second portion of the roof layer may extend
parallel to a branch portion of the second first-pixel subpixel
electrode. These features may be appreciated from, for
example, description related to one or more of FIG. 2 and
FIG. 7 in this application.

[0027] The second portion of the roof layer may be posi-
tioned between two pixel rows of the display device in a plan
view of the display device. These features may be appreciated
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from, for example, description related to one or more of FIG.
2 and FIG. 7 in this application.

[0028] A first area of the display device may correspond to
the first first-pixel subpixel electrode and has a first gray
value. A second area of the display device may correspond to
the second first-pixel subpixel electrode and has a second
gray value. A third area of the display device may correspond
to the first second-pixel subpixel electrode and has a third
gray value. A fourth area of the display device may corre-
spond to the second second-pixel subpixel electrode and has
a fourth gray value. The first gray value, the second gray
value, the third gray value, and the fourth gray value may be
unequal to one another. These features may be appreciated
from, for example, description related to one or more of FIG.
1, FIG. 2, FIG. 6, and FIG. 7 in this application.

[0029] A dielectric anisotropy of the first liquid crystal
material may be different from a dielectric anisotropy of the
second liquid crystal material. These features may be appre-
ciated from, for example, description related to one or more of
FIG. 1, FIG. 6, and FIG. 7 in this application.

[0030] An embodiment of the present invention may be
related to a liquid crystal display, which may include the
following elements: an insulating substrate; thin film transis-
tors positioned on the insulating substrate, and connected to
gate lines and data lines which cross each other while being
insulated; a pixel electrode connected to the thin film transis-
tor; a common electrode spaced apart from the pixel electrode
with amicrocavity interposed between the common electrode
and the pixel electrode; a roof layer including an injection
hole for exposing one lateral surface of the microcavity; a
liquid crystal layer filling the microcavity; and an overcoat
configured to cover the injection hole and seal the microcav-
ity, in which the roof layer covers the remaining lateral sur-
faces except forthe one lateral surface of the microcavity, and
the liquid crystal layer includes a first liquid crystal material
and a second liquid crystal material, and the first liquid crystal
material and the second liquid crystal material are respec-
tively positioned in different microcavities.

[0031] The first liquid crystal material and the second lig-
uid crystal material may have different properties.

[0032] The first liquid crystal material and the second lig-
uid crystal material may have different dielectric anisotropy
values.

[0033] The plurality of microcavities may include a first
microcavity and a second microcavity, and each of the first
microcavity and the second microcavity may include a first
lateral surface and a second lateral surface which face each
other.

[0034] The second lateral surface of the first microcavity
may be covered by the roof layer, and the first lateral surface
of the second microcavity may be covered by the roof layer.
[0035] The plurality of first microcavities and the plurality
of second microcavities may be alternately positioned in a
matrix direction.

[0036] The injection hole may expose the first lateral sur-
face of the first microcavity and the second lateral surface of
the second microcavity.

[0037] The one pixel may include the thin film transistor
and the pixel electrode, the one pixel may include a first area
and a second area positioned in an extension direction of the
data line, the pixel electrode may include a first subpixel
electrode positioned in the first area and a second subpixel
electrode positioned in the second area, and the first subpixel
electrode and the second subpixel electrode may include
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cross-shaped stem portions including horizontal stem por-
tions and vertical stem portions crossing the horizontal stem
portions, respectively, and a fine branch portions obliquely
extended from the cross-shaped stem portions.

[0038] Each of the first microcavity and the second micro-
cavity may include the second area of one pixel and the first
area of another pixel adjacent in the extension direction of the
data line.

[0039] The first area, in which the first liquid crystal mate-
rial is positioned, may have a high gray value, and the first
area, in which the second liquid crystal material is positioned,
may have an intermediate gray value.

[0040] The second area, in which the first liquid crystal
material is positioned, may have an intermediate gray value,
and the second area, in which the second liquid crystal mate-
rial is positioned, may have a low gray value.

[0041] The first microcavity and the second microcavity
may be alternately positioned in the extension direction of the
data line, and the plurality of first microcavities and the plu-
rality of second microcavities may be disposed in an exten-
sion direction of the gate line.

[0042] The second area may include a first subarea and a
second subarea divided based on the horizontal stem portion.
[0043] The first microcavity may include the first subarea,
and the second microcavity may include the first area and the
second subarea included in adjacent different pixels.

[0044] The first microcavity including the first liquid crys-
tal material may have an intermediate gray value, and the first
microcavity including the second liquid crystal material may
have a low gray value.

[0045] The second subarea of the second microcavity
including the first liquid crystal material may have an inter-
mediate gray value, the first area of the second microcavity
including the first liquid crystal material may have a high gray
value, the second subarea of the second microcavity includ-
ing the second liquid crystal material may have a low gray
value, and the first area of the second microcavity including
the second liquid crystal material may have the intermediate
gray value.

[0046] Theintermediate gray values of the first microcavity
and the second microcavity may be different from each other.
[0047] The roof layer may be positioned between the first
microcavity and the second microcavity positioned in the
second area, and may overlap the horizontal stem portion of
the second subpixel electrode.

[0048] The roof layer may be positioned between the first
microcavity and the second microcavity positioned in the
second area, and may be obliquely formed to overlap the fine
branch portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] FIG.1isaschematic plan view illustrating elements
and/or structures in a display device according to an embodi-
ment of the present invention.

[0050] FIG. 2 is a plan view illustrating elements and/or
structures in one pixel of a display device according to an
embodiment of the present invention.

[0051] FIG. 3 is a cross-sectional view taken along line
1II-11T indicated in FIG. 1.

[0052] FIG. 4 is a cross-sectional view taken along line
IV-IV indicated in FIG. 1.

[0053] FIG.5isacross-sectional view taken along line V-V
indicated in FIG. 1.
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[0054] FIG. 6is a schematic plan view illustrating elements
and/or structures in a display device according to an embodi-
ment of the present invention.

[0055] FIG. 7is a schematic plan view illustrating elements
and/or structures in a display device according to an embodi-
ment of the present invention.

[0056] FIG. 8, FIG. 9, FIG. 10, FIG. 11, FIG. 12, FIG. 13,
FIG. 14, FIG. 15, FIG. 16, and FIG. 17 are schematic cross-
sectional views illustrating elements and/or structures formed
in aprocess of manufacturing a display device according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0057] Embodiments of the present invention are described
with reference to the accompanying drawings. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention.

[0058] Although the terms “first”, “second”, etc. may be
used herein to describe various elements, these elements,
should not be limited by these terms. These terms may be used
to distinguish one element from another element. Thus, a first
element discussed below may be termed a second element
without departing from the teachings of the present invention.
The description of an element as a “first” element may not
require or imply the presence of a second element or other
elements. The terms “first”, “second”, etc. may also be used
herein to differentiate different categories or sets of elements.
For conciseness, the terms “first”, “second”, etc. may repre-
sent “first-category (or first-set)”, “second-category (or sec-
ond-set)”, etc., respectively.

[0059] Inthe drawings, thicknesses oflayers, films, panels,
regions, etc., may be exaggerated for clarity. Like reference
numerals may designate like elements in the specification.
When a first element (such as a layer, film, region, or sub-
strate) is referred to as being “on” a second element, the first
element can be directly on the second element, or one or more
intervening elements may also be present. In contrast, when a
first element is referred to as being “directly on” a second
element, there are no intended intervening elements between
the first element and the second element.

[0060] In the description, the term “connect” may mean
“electrically connect™; the term “insulate” may mean “elec-
trically insulate”.

[0061] FIG. 1isaschematic plan view illustrating elements
and/or structures in a liquid crystal display according to an
embodiment of the present invention.

[0062] The display device includes a substrate 110 and a
rooflayer 360 formed on the substrate 110. The substrate may
be made of at least one of glass and plastic.

[0063] The substrate 110 includes a plurality of pixels PX.
The plurality of pixels PX may form a matrix that includes a
plurality of pixel rows and a plurality of pixel columns. Each
pixel PX may include one thin film transistor and one pixel
electrode. Each pixel PX may include a first-type subpixel
area PXa (or first area PXa) in which a first-type subpixel
electrode (or first subpixel electrode), a smaller subpixel elec-
trode, is positioned and may include a second-type subpixel
area PXb (or second area PXb) in which a second-type sub-
pixel electrode (or second subpixel electrode), a larger sub-
pixel electrode, is positioned. The first area PXa (a smaller
area) and the second area PXb (a larger area) may be aligned
parallel to an extension direction of a data line and/or may be
aligned in a pixel column direction.
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[0064] A first-type valley V1 (or first valley V1) is posi-
tioned between the firstarea PXa and the second area PXb and
may extend parallel to a gate line. A second-type valley V2 (or
second valley V2) is positioned between two immediately
neighboring pixel columns.

[0065] Injection holes 370 may extend through the roof
layer 360 (or may be connected to openings of the roof layer
360) and may be positioned along first valleys. V1. The injec-
tion holes 307 may enable injection of liquid crystal materials
in a process of manufacturing the display device.

[0066] Injection holes 307 may be positioned along first
valleys V1 and along pixel rows at alternate pixels PX. For
example, an injection hole 307 may exist at a first pixel PX in
a pixel row, and no injection hole 307 may exist at a second
pixel PX in the pixel row, wherein the second pixel PX imme-
diately neighbors the first pixel PX.

[0067] Injection holes 307 may be positioned along pixel
columns at alternate pixels PX. For example, an injection hole
307 may exist at a first pixel PX in a pixel column, and no
injection hole 307 may exist at a second pixel PX in the pixel
column, wherein the second pixel PX immediately neighbors
the first pixel PX.

[0068] Inan embodiment, injection holes 307 may be pro-
vided at odd-numbered pixels PX of odd-numbered pixel
rows and at even-numbered pixels of even-numbered pixel
rows, and no injection holes 307 may be provided at even-
numbered pixels PX of odd-numbered pixel rows or at odd-
numbered pixels of even-numbered pixel rows.

[0069] In an embodiment, injection holes 307 may be pro-
vided at even-numbered pixels PX of odd-numbered pixel
rows and at odd-numbered pixels of even-numbered pixel
rows, and no injection holes 307 may be provided at odd-
numbered pixels PX of odd-numbered pixel rows or at even-
numbered pixels of even-numbered pixel rows.

[0070] Microcavities 305 may be provided between the
roof layer 360 and the substrate 110 and between immedi-
ately neighboring second valleys V2. Each of the microcavi-
ties 305 may contain a liquid crystal layer. The microcavities
305 may include first-type microcavities 305a (or first micro-
cavities 3054) and second-type microcavities 3055 (or second
microcavities 3055). An opening, or injection hole 307, of a
first microcavity 3054 may face an opening, or injection hole
307, of an immediately neighboring second microcavity
3055.

[0071] The roof layer 360 may cover three lateral sides
(among the four lateral sides of) of each microcavity 305 and
may expose one lateral side of the microcavity 305 through an
injection hole 307. The injection hole 307 of a first microcav-
ity 3054 positioned at a first side of a first valley V1 may face
the injection hole 307 of an immediately neighboring second
microcavity 3055 positioned at a second side of the first valley
V1.

[0072] The injection hole 307 of a first microcavity 305a
may be positioned at a first lateral side of the first microcavity
305a, which is opposite a second lateral side of the first
microcavity 305a. The injection hole 307 of a second micro-
cavity 305b may be positioned at a second lateral side of a
second microcavity 3055, which is opposite a first lateral side
of the second microcavity 3055 and may be opposite a first
lateral side ofa first microcavity 305a. The second lateral side
of the first microcavity 305a is covered by the roof layer 360,
and the first lateral side of the second microcavity 3055 is
covered by the roof layer 360.
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[0073] 1In an embodiment, as illustrated in FIG. 1, except
for microcavities 305 positioned in the first subpixel row and
the last subpixel row, each of a first microcavity 305q and a
second microcavity 3055 may overlap the second area PXb
(and the second subpixel electrode) of a first pixel PX and the
first area PXa (and the first subpixel electrode) of a second
pixel PX, wherein the second pixel PX immediately neigh-
bors the first pixel PX in a pixel column direction. Each of a
microcavity 305a and a second microcavity 3055 positioned
in the first subpixel row or the last subpixel row may overlap
one of a first area PXa and a second area PXb, but not both.

[0074] The injection hole 307 of a first microcavity 305a
may immediately neighbor or be positioned at the second area
PXb associated with the first microcavity 305« (and may be
farther from the first area PXa associated with the first micro-
cavity 305a). The injection hole 307 of a second microcavity
305¢ may immediately neighbor or be positioned at the first
area PXa associated with the second microcavity 3055 (and
may be farther from the second area PXb associated with the
second microcavity 3055).

[0075] First microcavities 305a and second microcavities
305 may be alternately disposed in a microcavity row direc-
tion and in a microcavity column direction. Referring to FIG.
1, in the first microcavity row, which corresponds to the first
subpixel row, the microcavities are disposed in a sequence of
asecond microcavity 3055, a first microcavity 3054, a second
microcavity 3055, a first microcavity 305a, etc. In the first
microcavity column, which corresponds to the first pixel col-
umn, the microcavities are disposed in a sequence of a second
microcavity 3054, a first microcavity 305q, a second micro-
cavity 3055, etc.

[0076] The microcavities 305 may contain liquid crystal
materials having different properties. For example, a first
liquid crystal material may be provided through the injection
holes 307 positioned in the first valley V1 positioned in the
first pixel row, and a second liquid crystal material may be
provided through the injection holes 307 positioned in the
first valley V1 positioned in the second pixel row.

[0077] A material property of the first liquid crystal mate-
rial may be different from a material property of the second
liquid crystal material. In an embodiment, a dielectric anisot-
ropy, a response speed, and/or a transmittance of the first
liquid crystal material may be different from a dielectric
anisotropy, a response speed, and/or a transmittance of the
second liquid crystal material. Accordingly, even if two sub-
pixel electrodes (e.g., positioned in a same pixel row and
respectively positioned intwo immediately neighboring pixel
columns) are driven with the same voltage, luminance of light
passing through two subpixels may be different. Advanta-
geously, it is possible to improve visibility of images dis-
played by the display device.

[0078] More particularly, when the first liquid crystal mate-
rial is injected through the injection holes 307 positioned in
the first pixel row (i.e., in first first-type valley V1), the first
liquid crystal material is injected only into microcavities
3054 and 3054 including these injection holes 307, positioned
in the odd numbered columns (such as the first column, the
third column, and the fifth column), and positioned in the first
TOW.

[0079] When the second liquid crystal material is injected
into the injection holes 307 positioned in the second pixel row
(i.e., in the second first-type valley V1), the second liquid
crystal material may be injected only into the microcavities
3054 and 3054 including these injection holes 307, positioned
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in the even numbered columns (such as the second column,
the fourth column, and the sixth column), and positioned in
the second pixel row.

[0080] According to an embodiment of the present inven-
tion, different liquid crystal materials may be provided for
immediately adjacent pixels in different pixel columns,
according to positions of the corresponding injection holes.

[0081] According to an embodiment of the present inven-
tion, a first voltage may be applied to first areas PXa (or first
subpixel electrodes), a second voltage may be applied to
second areas PXb (or second subpixel electrodes), and the
first voltage is larger than the second voltage. In an embodi-
ment, a gray value at each area may be implemented accord-
ing to the kind of liquid crystal material positioned in the area
as well as the voltage applied to the subpixel electrode in the
area.

[0082] For example, a first area PXa with the first liquid
crystal material (which has a relatively high dielectric anisot-
ropy) may exhibit a high gray value. A first area PXa with the
second liquid crystal material (which has a relatively low
dielectric anisotropy) may exhibit an intermediate gray value.
A second area PXb with the first liquid crystal material may
exhibit an intermediate gray value. A second area PXb with
the second liquid crystal material may exhibit a low gray
value.

[0083] In an embodiment, the first microcavity 305a posi-
tioned in the first microcavity column and in the second
microcavity row may receive the first liquid crystal material
injected through the associated injection hole 307 positioned
in the first pixel row. The second area PXb associated with this
first microcavity 305a and receiving the second voltage may
exhibit a first intermediate gray value, and the first area PXa
associated with this first microcavity 305a and receiving the
first voltage may exhibit the high gray value.

[0084] In an embodiment, the second microcavity 3055
positioned in the second microcavity column and in the sec-
ond microcavity row may receive the second liquid crystal
material injected through the associated injection hole 307
positioned in the second pixel row. The second area PXb
associated with this second microcavity 3055 and receiving
the second voltage may exhibit the low gray value, and the
first area PXa associated with this second microcavity 3055
and receiving the first voltage may exhibit a second interme-
diate gray value. Because of the material difference and/or the
voltage difference, the second immediate gray value may be
unequal to the first inmediate gray value.

[0085] According to embodiments of the present invention,
the liquid crystal display device may apply two different
voltages to subpixel electrodes, and three or more different
gray values may be implemented in different subpixel areas.
Advantageously, with a substantially simple driving opera-
tion, the display device may display images with satisfactory
visibility.

[0086] FIG. 2 is a plan view illustrating elements and/or
structures in one pixel of the display device according to an
embodiment of the present invention. FIG. 3 is a cross-sec-
tional view taken along line III-I1I indicated in FIG. 1. FIG. 4
is a cross-sectional view taken along line IV-IV indicated in
FIG. 1. FIG. 5 is a cross-sectional view taken along line V-V
indicated in FIG. 1.

[0087] Referring to FIGS. 2 to 5, a pixel of the display
device may be associated with a plurality of gate conductors,
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including a gate line 121, a step-down gate line 123, and a
storage electrode line 131, which may be formed on the
substrate 110.

[0088] The gate line 121 and the step-down gate line 123
may mainly extend in a horizontal direction (or pixel row
direction parallel to a first valley V1) and may transfer gate
signals. The gate conductors may include a first gate electrode
1244 and a second gate electrode 1241 that protrude substan-
tially upward and downward, respectively, from the gate line
121. The gate conductors may include a third gate electrode
124c¢ that protrudes upward from the step-down gate line 123.
The first gate electrode 124/ and the second gate electrode
1241 are connected to and substantially aligned with each
other in the pixel column direction and may form an enlarged
portion of the gate line 121. The gate electrodes 1244, 124,
and 124¢ may have one or more other protrusion configura-
tions.

[0089] The storage electrode line 131 mainly extends in a
horizontal direction (e.g., the pixel row direction) and may
transfer a predetermined voltage, such as a common voltage
Vcom. The storage electrode line 131 includes storage elec-
trodes 129 that protrude upward and downward, a pair of
vertical portions 134 that extends toward the gate line 121 and
extends substantially vertical to the gate line 121, and a hori-
zontal portion 127 that connects ends of the vertical portions
134. The horizontal portion 127 includes a capacitor elec-
trode 137 that expands toward the gate line 121.

[0090] A gate insulating layer 140 is formed on (and may
cover) the gate conductors 121, 123, 1244, 124/, 124c, and
131. The gate insulating layer 140 may be made of an inor-
ganic insulating material, such as at least one of silicon nitride
(SiNx) and silicon oxide (Si0x). The gate insulating layer
140 may have a single layer structure or a multiple layer
structure.

[0091] A first semiconductor 1544, a second semiconduc-
tor 154/, and a third semiconductor 154¢ are formed on the
gate insulating layer 140. The first semiconductor 154% may
be positioned on the first gate electrode 1244, the second
semiconductor 154/ may be positioned on the second gate
electrode 1241, and the third semiconductor 154¢ may be
positioned on the third gate electrode 124¢. The first semi-
conductor 154/ and the second semiconductor 154/ may be
connected to each other, and the second semiconductor 154/
and the third semiconductor 154¢ may be connected to each
other. The first semiconductor 154/ may be further formed
under the data line 171. The semiconductors 1544, 154/, and
154¢ may be made of one or more of amorphous silicon,
polycrystalline silicon, metal oxide, etc.

[0092] Ohmic contacts (not illustrated) may be formed on
the semiconductors 1544, 154/, and 154c, respectively. The
ohmic contacts may be made of silicide or a material (such as
n+ hydrogenated amorphous silicon) in which an n-type
impurity is doped at high concentration.

[0093] The pixel may be associated with a plurality of data
conductors, including a data line 171, a first source electrode
1734, a second source electrode 173/, a third source electrode
173c¢, a first drain electrode 175k, a second drain electrode
175/, and a third drain electrode 175¢. Some of the data
conductors may be formed on the semiconductors 154/, 154/,
and 154c.

[0094] The data line 171 may transfer a data signal. The
data line 171 may mainly extend in a vertical direction (e.g.,
the pixel column direction) and may cross the gate line 121
and the step-down gate line 123. The data line 171 may
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include (or may be connected to) a first source electrode 1737
and a second source electrode 173/, which extend toward
(and/or correspond to) the first gate electrode 124/ and the
second gate electrode 124/, respectively, and are connected
with each other.

[0095] Each of a first drain electrode 1754, a second drain
electrode 175/, and a third drain electrode 175¢ may include
a relatively wide portion and a relatively narrow rod-shaped
portion. The rod-shaped portions of the first drain electrode
175k and the second drain electrode 175/ are partially sur-
rounded by the first source electrode 173/ and the second
source electrode 173/, respectively. The relatively wide por-
tion of the second drain electrode 175/ is connected to a third
source electrode 173¢, which has a “U’-lettered shape. The
relatively wide portion 177¢ of the third drain electrode 175¢
overlaps the capacitor electrode 137 to form a step-down
capacitor Cstd, and the rod-shaped portion of the third drain
electrode 175¢ is partially surrounded by the third source
electrode 173c.

[0096] The first gate electrode 1244, the first source elec-
trode 173/, and the first drain electrode 175/ form a first thin
film transistor Qh together with the first semiconductor 154/.
The second gate electrode 124/, the second source electrode
173/, and the second drain electrode 175/ form a second thin
film transistor QI together with the second semiconductor
154/. The third gate electrode 124c, the third source electrode
173c¢, and the third drain electrode 175¢ form a third thin film
transistor Qc together with the third semiconductor 154c¢.
[0097] The first semiconductor 1544, the second semicon-
ductor 154/, and the third semiconductor 154¢ are connected
to each other. One or more of the semiconductors 154/, 154/,
and 154¢ may have substantially the same planar shape as one
or more of the data conductors 17354, 173/, 173¢, 175k, 1751,
and 175¢ and/or one or more of the associated ohmic contacts,
except for one or more channel regions between one or more
of the source electrodes 1734, 173/, and 173¢ and one or more
of the drain electrodes 1755, 173/, and 175¢.

[0098] Inthe first semiconductor 1544, an exposed portion
that is not covered by the first source electrode 173/ and the
first drain electrode 175/ is disposed between the first source
electrode 173/ and the first drain electrode 175k in a plan
view of the display device. In the second semiconductor 154/,
an exposed portion which is not covered by the second source
electrode 173/ and the second drain electrode 175/is disposed
between the second source electrode 173/ and the second
drain electrode 175/ in a plan view of the display device. In the
third semiconductor 154¢, an exposed portion that is not
covered by the third source electrode 173¢ and the third drain
electrode 175¢ is disposed between the third source electrode
173¢ and the third drain electrode 175¢.

[0099] A passivation layer 180 is formed on the data con-
ductors 171, 173k, 173/, 173¢, 175k, 175/, and 175¢ and
portions of the semiconductors 154/, 154/, and 154¢ exposed
between the respective source electrodes 1735, 173/, and
173c¢ and the respective drain electrodes 175/, 175/, and 175¢.
The passivation layer 180 may be made of an organic insu-
lating material or an inorganic insulating material. The pas-
sivation layer 180 may have a single layer structure or a
multiple layer structure.

[0100] A color filter 230 in each pixel area PX is formed on
the passivation layer 180. The color filter 230 may display one
of primary colors and/or may display white. In an embodi-
ment, the primary colors may be three primary colors of red,
green and blue. In an embodiment, the primary colors may
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include cyan, magenta, and yellow. In an embodiment, a color
filter 230 may extend in a column direction along a space
between immediately adjacent data lines 171.

[0101] A light blocking member 220 is formed in a region
between immediately adjacent color filters 230 and/or
between separated portions of color filters. The light blocking
member 220 overlaps at least a boundary of the pixel area PX
and the thin film transistors to prevent light leakage. A color
filter 230 (or a portion of a color filter 230) is formed in each
of the first subpixel area PXa and the second subpixel area
PXb. A portion of the light blocking member 220 may be
formed between the first subpixel area PXa and the second
subpixel area PXb to cover the thin film transistors.

[0102] The light blocking member 220 includes a horizon-
tal light blocking member 220q that extends along the gate
line 121 and the step-down gate line 121 and covers the first
thin film transistor Qh, the second thin film transistor Ql, and
the third thin film transistor Qc. The light blocking member
220 further includes a vertical light blocking member 2205
that extends along the data line 171. The horizontal light
blocking member 220a may overlap a first valley V1, and the
vertical light blocking member 2205 may overlap a second
valley V2. The color filter 230 and the light blocking member
220 may directly contact each other in a same layer of the
display device and may both directly contact the passivation
layer 180.

[0103] A first-type insulating layer 240 (or first insulating
layer 240, for conciseness) may be formed on the color filter
230 and the light blocking member 220. The first insulating
layer 240 may be made of an inorganic insulating material,
such as at least one of silicon nitride (SiNx) and silicon oxide
(Si0x). The first insulating layer 240 serves to protect the
color filter 230 (which may be made of an organic material)
and the light blocking member 220. In an embodiment, the
first insulating layer 240 may be omitted.

[0104] In the first insulating layer 240, the light blocking
member 220, and the passivation layer 180, a first contact hole
185/ and a second contact hole 185/ are formed.

[0105] A pixel electrode 191 is formed on the first insulat-
ing layer 240. The pixel electrode 191 may be made of a
transparent metal material, such as at least one of indium tin
oxide (ITO) and indium zinc oxide (IZO). The pixel electrode
191 may be connected to drain electrodes through the contact
holes 185/ and 185/,

[0106] The pixel electrode 191 includes a first-type sub-
pixel electrode 191% (or first subpixel electrode 1914, for
conciseness) and a second-type subpixel electrode 191/ (or
second subpixel electrode 191/), which are separated from
each other with the gate line 121 and the step-down gate line
123 being disposed substantially between the subpixel elec-
trodes 1914 and 191/. The subpixel electrodes 1914 and 191/
may be substantially aligned each other in a column direction.
The first subpixel electrode 191/ and the second subpixel
electrode 191/ may be separated from each other with the first
valley V1 being disposed therebetween in a plan view of the
display device. The first subpixel electrode 191/ is positioned
in the first subpixel area PXa, and the second subpixel elec-
trode 191/ is positioned in the second subpixel area PXb.
[0107] The first subpixel electrode 191/ and the second
subpixel electrode 191/ are connected to the first drain elec-
trode 175/ and the second drain electrode 175/ through the
first contact hole 185/ and the second contact hole 185/,
respectively. Accordingly, when the first thin film transistor
Qh and the second thin film transistor QI are turned on, the



US 2016/0202567 A1l

first subpixel electrode 191/ and the second subpixel elec-
trode 191/ receive data voltages from the first drain electrode
175k and the second drain electrode 1751

[0108] An overall shape of the first subpixel electrode 191%
and the second subpixel electrode 191/ may be substantially a
quadrangle. The first subpixel electrode 191/ and the second
subpixel electrode 191/ include cross stems. The cross stems
include horizontal 1934 and 193/ and vertical stems 192/ and
192/ that cross the horizontal stems 193% and 193/, respec-
tively. The first subpixel electrode 1914 and the second sub-
pixel electrode 191/ may include a plurality of minute
branches 194/ and 194/ and may include protrusions 197k
and 1971 protruding downward or upward from edge sides of
the subpixel electrodes 1944 and 194/, respectively.

[0109] Each of the subpixel electrodes 191/ and 191/ of the
pixel electrode 191 is divided into four sub-regions by an
associated one of the horizontal stems 193/ and 193/ and an
associated one of the vertical stems 192/ and 192/. The
minute branches 1942 and 194/ obliquely extend from the
horizontal stems 193/ and 193/ and the vertical stems 192/
and 192/, extending at an angle of approximately 45 degrees
or 135 degrees with respect to the gate line 121 or the hori-
zontal stems 193/ and 193/. In an embodiment, directions in
which the minute branches 194/ and 194/ of the two adjacent
sub-regions extend may be perpendicular to each other.
[0110] Inan embodiment, the first subpixel electrode 191%
may include an outer stem that surrounds at least some ele-
ments of the first subpixel electrode 1914. The second sub-
pixel electrode 191/ may include horizontal portions posi-
tioned at an upper end and a lower end of the second subpixel
electrode 191/. The pixel electrode 191 may include left and
right vertical portions 198 positioned at the left and the right
of the first subpixel electrode 191%. The left and right vertical
portions 198 may prevent capacitive coupling between the
data line 171 and the first subpixel electrode 1914.

[0111] The layout shape of the pixel area, the structure of
the thin film transistor, and the shape of the pixel electrode
described above are examples and may be modified in various
embodiments.

[0112] A common electrode 270 may overlap the pixel
electrode 191 and may be spaced from the pixel electrode 191
at a predetermined distance. A microcavity 305 is formed
between the pixel electrode 191 and the common electrode
270. The microcavity 305 may be substantially surrounded by
at least one of the pixel electrode 191 and the common elec-
trode 270. A width and an area of the microcavity 305 may be
configured according to a size and resolution of the display
device.

[0113] The common electrode 270 may be made of a trans-
parent metal material, such as at least one of indium tin oxide
(ITO) and indium zinc oxide (IZ0). A predetermined voltage
may be applied to the common electrode 270, and an electric
field may be generated between the pixel electrode 191 and
the common electrode 270.

[0114] A first-type alignment layer 11 (or first alignment
layer 11, for conciseness) is formed on the pixel electrode
191. The first alignment layer 11 may also be formed directly
on a portion of the first insulating layer 240 that is not covered
by the pixel electrode 191. In an embodiment, an insulating
layer 250 (illustrated in FIG. 4) may be implemented between
the first alignment layer 11 and the pixel electrode 191.

[0115] A second-type alignment layer 21 (or second align-
ment layer 21, for conciseness) is formed on the common
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electrode 270. The second alignment layer 21 is disposed
between the common electrode 270 and the first alignment
layer 11.

[0116] The first alignment layer 11 and the second align-
ment layer 21 may be vertical alignment layers and may be
made of alignment materials, such as at least one of polyamic
acid, polysiloxane, and polyimide. The alignment layers 11
and 21 may be connected to each other at an edge of the pixel
area PX.

[0117] A liquid crystal layer may include liquid crystal
molecules 310 and may be formed in the microcavity 305
positioned between the pixel electrode 191 and the common
electrode 270. The liquid crystal molecules 310 may have
negative dielectric anisotropy and may be oriented in a verti-
cal direction that is substantially perpendicular to the sub-
strate 110 when no electric field is applied to the pixel elec-
trode 191.

[0118] The first subpixel electrode 191/ and the second
subpixel electrode 191/ to which the data voltage is applied
generate an electric field together with a common electrode
270 to determine directions of the liquid crystal molecules
310. The luminance of light that is transmitted through the
liquid crystal layer may be substantially determined by the
directions (or orientations) of the liquid crystal molecules
310.

[0119] A second-type insulating layer 350 (or second insu-
lating layer 350, for conciseness) may be formed on the
common electrode 270. The second insulating layer 350 may
be made of an inorganic insulating material, such as at least
one of silicon nitride (SiNx), silicon oxide (Si0x), and silicon
oxynitride (SiOxNy). In an embodiment, the third insulating
layer may be omitted.

[0120] A rooflayer 360 is formed on the second insulating
layer 350. The roof layer 360 may be made of an organic
material. A microcavity 305 is formed below the roof layer
360, and the shape of the microcavity 305 may be maintained
by hardening the roof layer 360 through a curing process. The
microcavity 305 may be positioned between the roof layer
360 and the pixel electrode 191.

[0121] A roof layer 360 is formed in each pixel area PX
along a pixel row and a second valley V2, and is not formed in
a first valley V1. That is, the roof layer 360 is not formed
between a first subpixel area PXa and a second subpixel area
PXb. A microcavity 305 is formed below each roof layer 360
in each of the first subpixel area PXa and the second subpixel
area PXb. In the second valley V2, a portion of a roof layer
360 may be disposed between two microcavities 305. A thick-
ness of the portion of the roof layer 360 positioned at the
second valley V2 may be larger than a thickness of another
portion of the roof layer 360 positioned in each of the first
subpixel area PXa and the second subpixel area PXb. An
upper surface and sides of the microcavity 305 may be cov-
ered by the roof layer 360.

[0122] An injection hole 307 for exposing a part of (and/or
for access to) the microcavity 305 is formed in at least one of
the common electrode 270, the second insulating layer 350,
and the roof layer 360. Injection holes 307 may face each
other at edges of the first subpixel area PXa and the second
subpixel area PXDb. In an embodiment, a first injection holes
307 may correspond to a lower side of the first subpixel area
PXa to allow access to a first microcavity 305 that overlaps
the first subpixel electrode 191/, and a second injection hole
307 may correspond to an upper side of the second subpixel
area PXb to allow access to a second microcavity 305 that
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overlaps the second pixel electrode 191/. An aligning agent or
a liquid crystal material may be injected into a microcavity
305 through a corresponding injection hole 307.

[0123] The common electrode 270, the second insulating
layer 350, and the roof layer(s) 360 may have similar shapes
or similar patterns in some areas in a plan view of the display
device. The shape (or pattern) of the common electrode 270,
the shape (or pattern) of the second insulating layer 350, and
the shape (or pattern) of a roof layer 360 may be different
from each other near the injection holes 307.

[0124] A boundary of the common electrode 270 may be
the same as (or overlap) a boundary ofa roof layer 360 or may
be positioned on the inner side of the boundary of a rooflayer
360 (in a plan view of the display device), without protruding
beyond the rooflayer 360. In an embodiment, an edge line of
a roof layer 360 may overlap an edge line of the common
electrode 270. In an embodiment, an edge line of a roof layer
360 may be positioned between an edge line of the common
electrode 270 and an edge line of an associated injection hole
307 in a plan view of the display device, wherein the associ-
ated injection hole 307 is configured to allow access to an
associated microcavity 305, and wherein the common elec-
trode 270 is positioned between the associated microcavity
305 and the rooflayer 360. That is, an edge portion of the roof
layer 360 may not overlap the common electrode 270. In an
embodiment, the edge portion of the roof layer may have a
tapered shape with an edge surface (orside surface) extending
in a first direction, and an edge portion of the common elec-
trode 270 may have a reversely-tapered shape with an edge
surface (or side surface) extending in a second direction that
is different from the first direction. A first surface (e.g., top
side surface) of the roof layer 360, a second surface (e.g.,
bottom side surface) of the roof layer 360, a first surface (e.g.,
top side surface) of the common electrode 270, and a second
surface (e.g., bottom side surface) of the common electrode
270 may overlap each other. The second surface of the roof
layer 360 and the first surface of the common electrode 270
may be disposed between the first surface of the roof layer
360 and the second surface of the common electrode 270. The
first surface of the roof layer 360 may be smaller than the
second surface of the roof layer 360. The first surface of the
common electrode 270 may be larger than the second surface
of the common electrode 270. The larger first surface of the
common electrode 270 may enable the common electrode
270 securely attach to the second insulating layer 350. The
smaller second surface of the common electrode 270 may
prevent unwanted electrical connection. Advantageously, the
common electrode 270 may be satisfactorily insulated and
stably positioned, and unwanted electrical connection
between the common electrode 270 and other conductive
elements (e.g., a pixel electrode 191) may be prevented.
[0125] A boundary of the second insulating layer 350 may
be the same as (or overlap) a boundary of the rooflayer 360 or
may be positioned on the outer side of the boundary of the
roof layer 360 (in a plan view of the display device).

[0126] In an embodiment, a boundary of the second insu-
lating layer 350 may be formed on the inner side of a bound-
ary of the roof layer 360. An edge portion of the second
insulating layer 350 that is associated with the boundary of
the second insulating layer 350 may have a reversely-tapered
shape that has a relatively larger top side surface and a rela-
tively smaller bottom side surface.

[0127] A third-type insulating layer 370 (or third insulating
layer 370, for conciseness) may be formed on the roof layer
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360. The third insulating layer 370 may be made of an inor-
ganic insulating material, such as at least one of silicon nitride
(SiNx), silicon oxide (SiOx), and silicon oxynitride
(S10xNy). The third insulating layer 370 may cover an upper
surface (or top side surface) and a side (or edge side surface
disposed at an angle with respect to the top side surface) of the
roof layer 360. The third insulating layer 370 may protect the
roof layer 360, which may be made of an organic material.
[0128] A boundary of the fourth insulating layer 370 may
overlap at least one of a boundary of the common electrode
270, a boundary of the second insulating layer 350, and a
boundary of the roof layer 360 (in a plan view of the display
device). A boundary of the third insulating layer 370 may be
different from or may not overlap boundaries of the common
electrode 270, the second insulating layer 350, and the roof
layer 360 near the injection hole 307 (in a plan view of the
display device).

[0129] A boundary of the common electrode 270 may be
positioned on the inner side of a boundary of the third insu-
lating layer 370 (in a plan view of the display device). The
common electrode 270 may be smaller than the third insulat-
ing layer 370 in a plan view of the display device.

[0130] A boundary of the second insulating layer 350 may
be the same as (or overlap) a boundary of the third insulating
layer 370 (in a plan view of the display device).

[0131] In an embodiment, a boundary of the second insu-
lating layer 350 may be formed on the inner side of a bound-
ary of the roof layer 360 (in a plan view of the display device).
The second insulating layer 350 may be smaller than the roof
layer 360 in a plan view of the display device.

[0132] The third insulating layer 370 may contact the sec-
ond insulating layer 350. Therefore, the roof layer 360 may be
substantially enclosed by the third insulating layer 370 and
the second insulating layer 350.

[0133] In an embodiment, the third insulating layer 370
may be omitted.

[0134] An encapsulation layer 390 may be formed on and/
or may overlap at least one of the third insulating layer 370,
the roof layer 360, the second insulating layer 350, and the
common electrode 270. The encapsulation layer 390 may
cover the injection hole 307, which may allow access to the
associated microcavity 305. The encapsulation layer 390 may
seal the microcavity 305 so that the liquid crystal molecules
310 formed in the microcavity 305 are not discharged outside.
The encapsulation layer 390 may directly contact the liquid
crystal molecules 310 and may be made of a material that
does not substantially react (e.g., chemically react) with lig-
uid crystal molecules 310. In an embodiment, the encapsula-
tion layer 390 may have a layer that is made of parylene.
[0135] The encapsulation layer 390 (or overcoat 390) may
have a multilayer structure, such as a double layer structure or
a triple layer structure. The double layer structure may
include two layers made of different materials. The triple
layer structure may include three layers, and materials of
immediately adjacent layers are different from each other. For
example, the encapsulation layer 390 may include a layer
made of'an organic insulating material and a layer made of an
inorganic insulating material.

[0136] Although not illustrated, polarizers may be formed
on upper and lower sides of the display device. The polarizers
may include a first polarizer and a second polarizer. The first
polarizer may be attached onto the lower side of the substrate
110, and the second polarizer may be attached onto the encap-
sulation layer 390.
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[0137] According to embodiments of the present invention,
one pixel may be divided into the first area receiving the first
voltage and the second area receiving the second voltage, and
different liquid crystal materials may be respectively pro-
vided in the first area and the second area. Therefore, it is
possible to enable the pixels to exhibit three or more gray
values with only two voltage values. Advantageously, the
display device may display images with satisfactory visibility
with a substantially simple driving scheme.

[0138] FIG. 6 is schematic plan view illustrating elements
and/or structures in a display device according to an embodi-
ments of the present invention. The display device may
include constituent elements identical to or similar to one or
more of the constituent elements discussed with reference to
one or more of FIG. 1, FIG. 2, FIG. 3, FIG. 4, and FIG. 5.
Descriptions related to the identical or similar constituent
elements may not be repeated.

[0139] The display device includes a substrate 110 and a
rooflayer 360 formed on the substrate 110. The substrate may
be made of at least one of glass and plastic.

[0140] The substrate 110 includes a plurality of pixels PX.
The plurality of pixels PX may form a matrix that includes a
plurality of pixel rows and a plurality of pixel columns. Each
pixel PX may include one thin film transistor and one pixel
electrode. Each pixel PX may include a first-type subpixel
area PXa (or first area PXa) in which a first-type subpixel
electrode (or first subpixel electrode), a smaller subpixel elec-
trode, is positioned and may include a second-type subpixel
area PXb (or second area PXb) in which a second-type sub-
pixel electrode (or second subpixel electrode), a larger sub-
pixel electrode, is positioned. The first area PXa (a smaller
area) and the second area PXb (a larger area) may be aligned
parallel to an extension direction of a data line and/or may be
aligned in a pixel column direction.

[0141] According to an embodiment of the present inven-
tion, a second area PXb may include a first subarea and a
second subarea which are aligned in a pixel column direction
and are divided based on a horizontal stem portion of the
second subpixel electrode positioned in the second area PXb.
A part of the second area PXb positioned at an upper side of
the horizontal stem portion of the second subpixel electrode is
referred to as the first subarea, and the remaining area of the
second area PXb positioned at a lower side of the horizontal
stem portion of the second subpixel electrode is referred to as
the second subarea.

[0142] A first-type valley V1 (or first valley V1) is posi-
tioned between the first area PXa and the second area PXb and
may extend parallel to a gate line. A second-type valley V2 (or
second valley V2) is positioned between two immediately
neighboring pixel columns.

[0143] A plurality of roof layers 360 may extend parallel to
the gate lines. Injection holes 307 may be positioned at first
valleys V1 and may enable injection of liquid crystal materi-
als in a process of manufacturing the display device.

[0144] Microcavities 305 may be provided between each
roof layer 360 and the substrate 110 and between immedi-
ately neighboring second valleys V2. The microcavities 305
may contain liquid crystal material members.

[0145] The microcavities 305 may include first-type micro-
cavities 3054 (or first microcavities 305a) and second-type
microcavities 305b (or second microcavities 3055. An open-
ing, orinjection hole 307, of a first microcavity 3054 may face
an opening, or injection hole 307, of an immediately neigh-
boring second microcavity 3055.
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[0146] The roof layer 360 may cover three lateral sides
(among the four lateral sides of) of each microcavity 305 and
may expose one lateral side of the microcavity 305 through an
injection hole 307. The injection hole 307 of a first microcav-
ity 3054 positioned at a first side of a first valley V1 may face
the injection hole 307 of an immediately neighboring second
microcavity 3055 positioned at a second side of the first valley
V1.

[0147] The injection hole 307 of a first microcavity 305a
may be positioned at a first lateral side of the first microcavity
305a, which is opposite a second lateral side of the first
microcavity 305a. The injection hole 307 of a second micro-
cavity 305h may be positioned at a second lateral side of a
second microcavity 3055, which is opposite a first lateral side
of the second microcavity 3055 and may be opposite a first
lateral side ofa first microcavity 305a. The second lateral side
of the first microcavity 3054 is covered by the roof layer 360,
and the first lateral side of the second microcavity 3055 is
covered by the roof layer 360.

[0148] In an embodiment, as illustrated in FIG. 6, a first
microcavity 305a may overlap a first subarea of the second
area PXb (and a first part of a second subpixel electrode)
included in a first pixel PX, and a second microcavity 30556
may overlap a second subarea of the second area PXb (and a
second part of the second subpixel electrode) of the pixel PX
and the first area PXa (and the first subpixel electrode) of a
second pixel PX, wherein the second pixel PX immediately
neighbors the first pixel PX in a pixel column direction.

[0149] Microcavity pairs, eachincluding a first microcavity
305¢ and a second microcavity 305b, may be disposed
between two immediately neighboring first valleys along the
extension direction of a gate line.

[0150] A plurality of second microcavities 3055 positioned
in the first microcavity row may be arranged along the exten-
sion direction of the gate line, and a plurality of first micro-
cavities 3054 positioned in the second microcavity row may
be arranged along in the extension direction of the gate line.
The first first-type valley V1 may be positioned between the
plurality of second microcavities 3055 and the plurality of
first microcavities 305a.

[0151] The microcavities 305a and 3055 may contain lig-
uid crystal materials having different properties. For
example, a first liquid crystal material may be provided
through the injection holes 307 positioned in the first valley
V1 positioned in the first pixel row, and a second liquid crystal
material may be provided through the injection holes 307
positioned in the first valley V1 positioned in the second pixel
TOW.

[0152] A material property of the first liquid crystal mate-
rial may be different from a material property of the second
liquid crystal material. In an embodiment, a dielectric anisot-
ropy, a response speed, and/or a transmittance of the first
liquid crystal material may be different from a dielectric
anisotropy, a response speed, and/or a transmittance of the
second liquid crystal material. Accordingly, even if subpixel
electrodes are driven with the same voltage, luminance of
light passing through subpixel portions may be different.
Advantageously, it is possible to improve visibility of images
displayed by the display device.

[0153] More particularly, when the first liquid crystal mate-
rial is injected through the injection holes 307 positioned in
the first pixel row (i.e., in first first-type valley V1), the first
liquid crystal material is injected into the plurality of second
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microcavities 3056 positioned in the first microcavity row
and the plurality of first microcavities 305a positioned in the
second microcavity row.

[0154] When the second liquid crystal material is injected
into the injection hole 307 positioned in the second pixel row
(i.e,, in the second first-type valley V1), the second liquid
crystal material may be injected into the second microcavities
305b positioned in the third microcavity row and the first
microcavities 305a positioned in the fourth microcavity row.
[0155] According to an embodiment of the present inven-
tion, different liquid crystal materials may be provided for
immediately adjacent pixels in different pixel rows, accord-
ing to positions of the corresponding injection holes.

[0156] According to an embodiment of the present inven-
tion, a first voltage may be applied to first areas PXa (or first
subpixel electrodes), a second voltage may be applied to
second areas PXb (or second subpixel electrodes), and the
first voltage is larger than the second voltage. In an embodi-
ment, a gray value at each area may be implemented accord-
ing to the kind of liquid crystal material positioned the area as
well as the voltage applied to the subpixel electrode in the
area.

[0157] For example, a first area PXa, with the first liquid
crystal material (which has a relative higher dielectric anisot-
ropy) may exhibit a high gray value. A first area PXa with the
second liquid crystal material (which has a relatively low
dielectric anisotropy) may exhibit an intermediate gray value.
[0158] A second area PXb with the first liquid crystal mate-
rial may exhibit an intermediate gray value. A second area
PXb with the second liquid crystal material may exhibit a low
gray value.

[0159] In an embodiment, the second microcavities 3055
positioned in the first microcavity row may overlap first arcas
PXa (which receive the first voltage), and may contain the
first liquid crystal material (which is injected through the
associated injection holes 307 positioned in the first pixel
row). Accordingly, the subpixel areas PXa associated with
these second microcavities 3055 may exhibit the high gray
value.

[0160] The first microcavities 305a positioned in the sec-
ond microcavity row may overlap first subareas of second
areas PXb (or first portions of second subpixels), which
receive the second voltage, and may contain the first liquid
crystal material (which is injected through the associated
injection holes 307 positioned in the first pixel row). Accord-
ingly, the first subareas of the second subpixel areas PXb
associated with these first microcavities 305a may exhibit a
first intermediate gray value.

[0161] The second microcavities 3055 positioned in the
third microcavity row may contain the second liquid crystal
material (which is injected through the associated injection
holes 307 positioned in the second pixel row) and may over-
lap second subareas of second subpixel areas PXb of a set of
pixels PX and first subpixel areas PXa of another set of pixels
PX. The second subareas of second subpixel areas PXb asso-
ciated with these second microcavities 3055 may receive the
second voltage and may exhibit the low gray value, and the
first subpixel areas PXa associated with these second micro-
cavities 3055 may receive the first voltage and may exhibit a
second intermediate gray value. Because of the material dif-
ference and/or the voltage difference, the second immediate
gray value may be unequal to the first immediate gray value.
[0162] The first microcavity 3054 positioned in the fourth
microcavity row may contain the second liquid crystal mate-
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rial (which is injected through the associated injection holes
307 positioned in the second pixel row). The first subareas of
second subpixel areas PXb associated with these first micro-
cavities 305a may receive the second voltage and exhibit the
low gray value.

[0163] In an embodiment, a first microcavity 305¢ may
overlap a first roof layer 360, a second microcavity 3055
immediately neighboring the first microcavity 305a may
overlap a second roof layer 360, and the first roof layer 360
may be spaced from the second rooflayer 360 and may extend
parallel to the second roof layer 360.

[0164] In an embodiment, a first microcavity 305a and a
second microcavity 3055 may be divided by a portion of roof
layer 360.

[0165] The first microcavities 3054 positioned in the sec-
ond microcavity row and the second microcavities 3055 posi-
tioned in the third microcavity row may be partitioned by a
portion of a roof layer 360. These first microcavities 305a
may overlap the first subareas of second areas PXb (and first
portions of second subpixel electrodes 191/), and these sec-
ond microcavities 3055 may overlap the second subareas of
these second area PXb (and second portions of these second
subpixel electrodes 191/) and the first areas PXa (and the first
subpixels) of another set of pixels. In an embodiment, the
portion of the roof layer 360 may overlap horizontal stem
portions of these second subpixel electrodes 191/ positioned
in the second areas PXb.

[0166] FIG. 71sa schematic plan view illustrating elements
and/or structures in a display device according to an embodi-
ment of the present invention. The display device may include
constituent elements identical to or similar to one or more of
the constituent elements discussed with reference to one or
more of FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, and FIG. 7.
Descriptions related to the identical or similar constituent
elements may not be repeated.

[0167] Inan embodiment of the present invention, a shape
of a roof layer 360 of the display device illustrated in FIG. 7
may be different from that of a display device illustrated in
FIG. 6.

[0168] According to an embodiment of the present inven-
tion, referring to FIG. 7, a portion of a roof layer 360 may be
positioned between the first microcavities 305a of the second
microcavity row and the second microcavities 30556 of the
third microcavity row. The portion of the roof layer 360 may
include obliquely formed sections that overlap fine branch
portions 194/ included in second subpixel electrodes 191/
positioned in the associated second areas PXb. This is for the
purpose of controlling image texture, which may be gener-
ated around the roof layer, by arranging liquid crystal mol-
ecules around the roof layer 360 in same directions as direc-
tions of the fine branch portions.

[0169] According to embodiments of the present invention,
the liquid crystal display device may generate three or more
different gray values with only two different voltages. Advan-
tageously, with a substantially simple driving scheme, the
display device may display images with improved visibility.
[0170] FIGS. 8 to 17 are schematic cross-sectional views
illustrating elements and/or structures formed in a process of
manufacturing a display device according to an embodiment
of the present invention.

[0171] A gateline 121 and a step-down gate line 123 (both
extending in one direction) are formed on a substrate 110,
which may be made of glass, plastic, etc. Substantially simul-
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taneously, a first gate electrode 1244, a second gate electrode
124/, and a third gate electrode 124¢, which protrude from the
gate line 121, are formed.

[0172] Substantially simultaneously, a storage electrode
line 131 may be formed. The storage electrode line 131 may
be spaced apart from the gate line 121, the step-down gate line
123, and the gate electrodes 1244, 124/, and 124c.

[0173] Subsequently, a gate insulating layer 140 is formed
on the entire surface of the substrate 110 and may cover the
gate line 121, the step-down gate line 123, the gate electrodes
124h,124/, and 124¢, and the storage electrode line 131. The
gate insulating layer 140 may be formed of an inorganic
insulating material, such as silicon oxide (SiOx) or silicon
nitride (SiNx). The gate insulating layer 140 may have a
single layer structure or a multiple layer structure.

[0174] Subsequently, a first semiconductor 1544, a second
semiconductor 154/, and a third semiconductor 154¢ are
formed by depositing a semiconductor material (such as at
least one of amorphous silicon, polycrystalline silicon, and
metal oxide) on the gate insulating layer 140 and then pat-
terning the deposited semiconductor material. The first semi-
conductor 154/ may be positioned on the first gate electrode
124h, 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 124c¢.
[0175] Subsequently, a data line 171, which extends in the
other direction, is formed by depositing a metal material and
then patterning the deposited metal material. The metal mate-
rial may have a single layer structure or a multiple layer
structure.

[0176] Substantially simultaneously, a first source elec-
trode 1734, with protrudes from the data line 171 above the
first gate electrode 124/, and a first drain electrode 1757,
which is spaced apart from the first source electrode 1734, are
formed. Substantially simultaneously, a second source elec-
trode 173/, which is connected to the first source electrode
173k, and a second drain electrode 175/, which is spaced apart
from the second source electrode 173/, are formed. Substan-
tially simultaneously, a third source electrode 173¢, which
extends from the second drain electrode 175/, and a third
drain electrode 175¢, which is spaced apart from the third
source electrode 173c, are formed.

[0177] The semiconductors 1544, 154/, and 154c¢, the data
line 171, the source electrodes 1734, 173/, and 173¢, and the
drain electrodes 175k, 175/, and 175¢ may be formed by
sequentially depositing a semiconductor material and a metal
material and then patterning the semiconductor material and
the metal material in a same patterning process. In an embodi-
ment, the first semiconductor 154/ may overlap a portion of
the data line 171.

[0178] The gate electrodes 124%, 1247, and 124¢, the source
electrodes 1734, 173/, and 173¢, and the drain electrodes
175k,1751, and 175¢ form thin film transistors (TFTs) Qh, Ql,
and Qc together with the semiconductors 1544, 154/, and
154c, respectively.

[0179] Subsequently, a passivation layer 180 is formed on
the data line 171, the source electrodes 1734, 173/, and 173c¢,
the drain electrodes 175/, 175/, and 175¢, and the semicon-
ductors 1547, 154/, and 154¢ exposed between the respective
source electrodes 173k, 173/, and 173¢ and the respective
drain electrodes 175k, 175/, and 175¢. The passivation layer
180 may be made of an organic insulating material and/or an
inorganic insulating material. The passivation layer 180 may
have a single layer structure or a multiple layer structure.
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[0180] Subsequently, a color filter 230 is formed in each
pixel area PX on the passivation layer 180. A color filter 230
or a portion of a color filter 230 is formed in each of the first
subpixel area PXa and the second subpixel area PXb. No
color filter may be formed at the first valley V1. Color filters
230 having the same color may be formed in a column direc-
tion in columns ofthe plurality of pixel areas PX. For forming
color filters 230 having three colors, a first colored color filter
230 may be first formed and then a second colored color filter
230 may be formed by shifting a mask. Subsequently, the
second colored color filter 230 may be formed and then a third
colored color filter may be formed by shifting a mask.
[0181] Subsequently. a light blocking member 220 is
formed on a boundary of each pixel area PX and may be
formed on the passivation layer 180 and the thin film transis-
tors. The light blocking member 220 may also be formed at
the first valley V1 positioned between the first subpixel area
PXa and the second subpixel area PXb.

[0182] The light blocking member 220 may be formed at
one or more edges of each pixel area PX. The light blocking
member 220 may overlap a support member 365 that is sub-
sequently formed.

[0183] Inanembodiment, the light blocking member 220 is
formed after the color filters 230 have been formed. In an
embodiment, the light blocking member 220 may be formed
before formation of the color filters 230.

[0184] Subsequently. a first insulating layer 240, which
may be made of an inorganic insulating material such as at
least one of silicon nitride (SiNx), silicon oxide (SiOx), and
silicon oxynitride (SiOxNy), is formed on the color filter 230
and the light blocking member 220.

[0185] Subsequently. a first contact hole 1854 is formed by
etching the passivation layer 180, the first light blocking
member 220, and the first insulating layer 240 so as to expose
a part of the first drain electrode 175k, and a second contact
hole 185/ is formed so as to expose a part of the second drain
electrode 1751

[0186] Subsequently, a first subpixel electrode 191% is
formed in the first subpixel area PXa, and a second subpixel
electrode 191/ is formed in the second subpixel area PXb, by
depositing and patterning a transparent metal material, such
as at least one of indium tin oxide (ITO) and indium zinc
oxide (I1Z0), on the first-type insulating layer 240. The first
subpixel electrode 191/ and the second subpixel electrode
191/ are separated from each other with the first valley V1
being positioned therebetween. The first subpixel electrode
191/ is connected to the first drain electrode 1754 through the
first contact hole 1854, and the second subpixel electrode
191/ is connected to the second drain electrode 175/ through
the second contact hole 1857,

[0187] Horizontal stems 193% and 193/ and vertical stems
192/ and 192/ crossing the horizontal stems 193/ and 193/
are formed in the first subpixel electrode 191/ and the second
subpixel electrode 191/ Further, a plurality of minute
branches 194/ and 194/, which obliquely extend from the
horizontal stems 193/ and 193/ and the vertical stems 1927
and 192/, is formed.

[0188] Referring to FIGS. 10 and 11, a photosensitive
organic material is applied onto the pixel electrode 191, and a
sacrificial layer 300 is formed by a photo process. The sacri-
ficial layer 300 may be formed in a plane shape in which
several “H” shapes are connected, for subsequently forming
injection holes are alternately arranged in pixel columns and/
or pixel rows.
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[0189] According to an embodiment of the present inven-
tion, the sacrificial layer 300 may include portions formed in
areas in which injection holes are to be formed in the first
valley formed, and portions of the sacrificial layer 300 may be
removed from areas in which no injection holes are to be
formed.

[0190] A common electrode 270 material layer may be
formed by depositing a transparent metal material, such as at
least one of indium tin oxide (ITO) and indium zinc oxide
(IZ0), on the sacrificial layer 300.

[0191] Subsequently, a second insulating layer 350 mate-
rial layer may be formed on the common electrode 270 mate-
rial layer using an inorganic insulating material, such as at
least one of silicon nitride (SiNx), silicon oxide (SiOx), and
silicon oxynitride (SiOxNy).

[0192] Subsequently, a roof layer 360 may be formed by
coating and patterning an organic material on the second
insulating layer 350 material layer. A portion of the organic
material positioned at the first valley V1 may be removed. As
a result, the roof layers 360 may be formed along a plurality
of pixel rows.

[0193] Referring to FIGS. 12 and 13, the second insulating
layer 350 material layer and the common electrode 270 are
material layer may be patterned by using the roof layer 360 as
a mask. First In an embodiment, the second insulating layer
350 material layer may be is dry-etched by using the roof
layer 360 as a mask, and then subsequently the common
electrode 270 is material layer may be wet-etched using the
roof layer 360 and/or the remaining second insulating layer
350 material layer as a mask.

[0194] Referring to FIGS. 14 and 15, a third insulating
layer 370 material layer may be formed of an inorganic insu-
lating material, such as at least one of silicon nitride (SiNx),
silicon oxide (SiOx), and silicon nitride oxide (SiOxNy), on
the roof layer 360.

[0195] Subsequently, a photoresist 500 material layer may
be coated on the third insulating layer 370 and may be pat-
terned by a photolithography process. A portion of the pho-
toresist 500 material layer positioned at the first valley V1
may be removed, and a patterned photoresist 500 may remain
on the third insulating layer 370 material layer. The third
insulating layer 370 material layer may be etched using the
patterned photoresist 500 as a mask. A portion of the third
insulating layer 370 material layer positioned at the first val-
ley V1 may be removed, and the resulted third insulating layer
370 may remain on the roof layer 360.

[0196] The third insulating layer 370 may cover the upper
surface and one or two side surfaces of the roof layer 360 to
protect the roof layer 360. A boundary of the third insulating
layer 370 may be positioned beyond a boundary of the roof
layer 360 (in a plan view of the display device). The third
insulating 370 may extend and/or protrude beyond the roof
layer 360. An edge portion of the third insulating layer 370
does notoverlap the roof layer 360 in a direction perpendicu-
lar to the substrate 110.

[0197] Portions of two immediately neighboring third insu-
lating layers 370 may be positioned between two immedi-
ately neighboring roof layers 360. A portion of a first third-
type insulating layer 370 and a portion of a second third-type
insulating layer 370 that immediately neighbors the first
third-type insulating layer 370 may be positioned between a
first roof layer 360 and a second roof layer 360 that immedi-
ately neighbors the first roof layer 360.
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[0198] The common electrode 270 material layer may be
over-etched using the roof layer 360 as a mask to produce the
common electrode 270. As a result, the common electrode
270 may be completely covered by the third insulating layer
370, and the third insulating layer 370, which extends beyond
the rooflayer 360, may extend beyond the common electrode
270. An edge portion of the third insulating layer 370 does not
overlap the common electrode 270 in a direction perpendicu-
lar to the substrate 110.

[0199] The shape and/or pattern of the second insulating
layer 350 may be the same as the shape and/or pattern of the
third insulating layer 370 in a plan view of the display device.
An edge portion of the third insulating layer 370 may directly
contact an edge portion of the second insulating layer 350.
[0200] Referring to FIGS. 16 and 17,

[0201] the sacrificial layer 300 is fully removed by supply-
ing at least one of a developer, a stripper solution, etc. to the
sacrificial layer 300. Alternatively or additionally, the sacri-
ficial layer 300 may be removed using an ashing process.
[0202] When the sacrificial layer 300 is removed, micro-
cavities 305 may be formed at positions where the sacrificial
layer 300 has been positioned.

[0203] The pixel electrode 191 and the common electrode
270 are spaced apart from each other with a microcavity 305
being positioned therebetween, and the pixel electrode 191
and the roof layer 360 are spaced apart from each other with
the microcavity 305 being positioned therebetween. The
common electrode 270 and the roof layer 360 may cover the
upper surface and may at least partially cover sides of the
microcavity 305.

[0204] The microcavity 305 is exposed at an opening
formed as a result of removal of portions of the roof layer 360,
the second insulating layer 350, and the common electrode
270. The opening is called an injection hole 307. An injection
hole 307 may be formed along a first valley V1. In an embodi-
ment, a first injection hole 307 may be formed at a first edge
ofthe first subpixel area PXa, a second injection hole 307 may
be formed at a first edge of the second subpixel area PXb. The
first edge of the first subpixel area PXa and the first edge of the
second subpixel area PXb may immediately neighbor each
other and may be positioned between a second edge of the
first subpixel area PXa and a second edge of the second
subpixel area PXb. In an embodiment, the first edge of the first
subpixel area PXa may be a lower edge of the first subpixel
area PXa, and the first edge of the second subpixel area PXb
may be an upper edge of the second subpixel area PXb. In an
embodiment, an injection hole 307 may be formed along a
second valley V2.

[0205] Subsequently. the roof layer 360 may be cured by
applying heat to at least one of the roof layer 360 and the
substrate 110. As a result, the shape of the space 305 may be
maintained by the roof layer 360.

[0206] Subsequently, an aligning agent containing an
alignment material may be provided on the substrate 110
using a spin coating method and/or an inkjet method. The
aligning agent may be provided (e.g., injected) into the micro-
cavity 305 through the injection hole 307. Subsequently, a
curing process may be performed. As a result, a solution
component may be evaporated, and an alignment material
may remain on the inner wall of the microcavity 305 to form
alignment layers 11 and 21.

[0207] The first alignment layer 11 may be formed on the
pixel electrode 191, and the second alignment layer 21 may
be formed on common electrode 270. The first alignment
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layer 11 and the second alignment layer 21 may overlap each
other with the microcavity 305 being positioned therebe-
tween and may be connected to each other at an edge of the
pixel area PX.

[0208] In an embodiment, the alignment layers 11 and 21
may be configured to substantially align liquid crystal mol-
ecules in a vertical direction that is substantially perpendicu-
lar to the substrate 110 (i.e., perpendicular to a surface of the
substrate 110 that overlaps the roof layer 360, except, for
example, at positions where bead members 400 are located. In
an embodiment, a process of irradiating UV light on the
alignment layers 11 and 21 may be performed; as a result, the
alignment layers 11 and 21 may be configured to substantially
align liquid crystal molecules in a horizontal direction that is
substantially parallel to the substrate 110.

[0209] Subsequently, liquid crystal materials that include
liquid crystal molecules 310 may be provided (e.g., dropped)
on the substrate 110 using an inkjet method or a dispensing
method. A liquid crystal material may be provided (e.g.,
injected) into a microcavity 305 through a corresponding
injection hole 307.

[0210] Inanembodiment, only oneinjection hole is formed
in one microcavity. The plurality of injection holes 307 posi-
tioned in the different rows may be provided, and the liquid
crystal materials having different properties may be supplied
through the different injection holes 307.

[0211] Referring to FIG. 1, when a first liquid crystal mate-
rial is supplied through the injection holes 307 positioned in
the first pixel row, the first liquid crystal material is injected
into the microcavities 305 positioned in the odd numbered
microcavity columns, in the first microcavity row, and in the
second microcavity row.

[0212] Referring to FIG. 1, when a second liquid crystal
material is supplied through the injection holes 307 posi-
tioned in the second pixel row, the second liquid crystal
material is injected into the microcavities 305 positioned in
the even numbered column, in the second microcavity row
and the third microcavity row. In an embodiment, two liquid
crystal materials having two different properties are respec-
tively injected into two microcavities 305 adjacent in the row
direction.

[0213] Referring to FIGS. 3 to 5, an encapsulation layer
390 (orovercoat 390) may be formed by depositing a material
that does not substantially (chemically) react with the liquid
crystal molecules 310 on the third insulating layer 370. The
encapsulation layer 390 is formed to cover the injection hole
307 for sealing the microcavity 305.

[0214] Subsequently, although not illustrated, a first polar-
izer may be attached onto the lower side of the substrate 110,
and a second polarizer may be attached onto the encapsula-
tion layer 390.

[0215] According to embodiments of the present invention,
a liquid crystal display device may implement three or more
different gray values in different subpixel areas by applying
only two different voltages. Advantageously, with a substan-
tially simple driving scheme, the display device may display
images with satisfactory visibility.

[0216] According to embodiments of the invention, a dis-
play device may include only one substrate. Advantageously,
the thickness, the weight, the manufacturing cost, and/or the
manufacturing time of the display device may be minimized
[0217] While embodiments of this invention have been
described, the invention is not limited to the described
embodiments. The invention is intended to cover various
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modifications and equivalent arrangements included within
the spirit and scope of the appended claims.

What is claimed is:

1. A display device comprising:

a first pixel, which includes a first first-pixel subpixel elec-
trode and a second first-pixel subpixel electrode;

a second pixel, which neighbors the first pixel and includes
a first second-pixel subpixel electrode and a second sec-
ond-pixel subpixel electrode;

a first liquid crystal layer, which is formed of a first liquid
crystal material and overlaps the second first-pixel sub-
pixel electrode; and

a second liquid crystal layer, which is formed of a second
liquid crystal material and overlaps the first second-pixel
subpixel electrode, wherein a material property of the
first liquid crystal material is different from a material
property of the second liquid crystal material.

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

a gate line, which is electrically connected to a gate elec-
trode of the first pixel, wherein the first pixel is aligned
with the second pixel in a direction parallel to an exten-
sion direction of the gate line.

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

a third liquid crystal layer, which is formed of the first
liquid crystal material and overlaps the first first-pixel
subpixel electrode; and

a fourth liquid crystal layer, which is formed of the second
liquid crystal material and overlaps the second second-
pixel subpixel electrode.

4. The display device of claim 3, further comprising:

a third pixel, which includes a first third-pixel subpixel
electrode and a second third-pixel subpixel electrode,
wherein the fourth liquid crystal layer overlaps the first

third-pixel subpixel electrode.

5. The display device of claim 4, further comprising:

a data line, which is electrically connected to a source
electrode of the second pixel, wherein the second elec-
trode is aligned with the third pixel in a direction parallel
to an extension direction of the data line.

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

a third pixel, which includes a first third-pixel subpixel
electrode and a second third-pixel subpixel electrode,
wherein the first liquid crystal layer overlaps the first third-

pixel subpixel electrode.

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

a data line, which is electrically connected to a source
electrode of the first pixel, wherein the first pixel is
aligned with the third pixel in a direction parallel to an
extension direction of the data line.

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

a third liquid crystal layer, which is formed of the first
liquid crystal material and overlaps the second third-
pixel subpixel electrode.

9. The display device of claim 1,

wherein the first liquid crystal layer overlaps a first portion
of the second first-pixel subpixel electrode, and

wherein the second liquid crystal layer overlaps a second
portion of the second first-pixel subpixel electrode.

10. The display device of claim 9, further comprising:

a data line, which is electrically connected to a source
electrode of the first pixel, wherein the first pixel is
aligned with the second pixel in a direction parallel to an
extension direction of the data line.
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11. The display device of claim 9, further comprising:

a third liquid crystal layer, which is formed of the second
material and overlaps a first portion of the second sec-
ond-pixel electrode.

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

a fourth liquid crystal layer, which is formed of the first
material and overlaps a second portion of the second
second-pixel electrode.

13. The display device of claim 12, further comprising:

a third pixel, which includes a first third-pixel subpixel
electrode and a second third-pixel subpixel electrode,
wherein the fourth liquid crystal layer overlaps the first

third-pixel subpixel electrode.

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

a data line, which is electrically connected to a source
electrode of the second pixel, wherein the second pixel is
aligned with the third pixel in a direction parallel to an
extension direction of the data line.

15. The display device of claim 9, further comprising:

arooflayer, which overlaps the first liquid crystal layer and
the second liquid crystal layer,

wherein a first portion of the roof layer is positioned
between the first liquid crystal layer and the second
liquid crystal layer, and

wherein a second portion of the roof layer is oblique with
respect to the first portion of the roof layer in a plan view
of the display device.
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16. The display device of claim 15, wherein the first portion
of the roof layer overlaps a stem portion of the second first-
pixel subpixel electrode.

17. The display device of claim 15, wherein the second
portion of the rooflayer extends parallel to a branch portion of
the second first-pixel subpixel electrode.

18. The display device of claim 15, wherein the second
portion of the roof layer is positioned between two pixel rows
of the display device in a plan view of the display device.

19. The display device of claim 1,

wherein a first area of the display device corresponds to the

first first-pixel subpixel electrode and has a first gray
value,

wherein a second area of the display device corresponds to

the second first-pixel subpixel electrode and has a sec-
ond gray value,

wherein a third area of the display device corresponds to

the first second-pixel subpixel electrode and has a third
gray value,

wherein a fourth area of the display device corresponds to

the second second-pixel subpixel electrode and has a
fourth gray value, and

wherein the first gray value, the second gray value, the third

gray value, and the fourth gray value are unequal to one
another.

20. The display device of claim 1, wherein a dielectric
anisotropy of the first liquid crystal material is different from
a dielectric anisotropy of the second liquid crystal material.
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