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(57) ABSTRACT

A liquid crystal display device may include a substrate. The
liquid crystal display device may further include a pixel elec-
trode disposed on the substrate. The liquid crystal display
device may further include a common electrode overlapping
the pixel electrode, wherein a liquid crystal injection hole is
formed through at least the common electrode. The liquid
crystal display device may further include a liquid crystal
layer disposed between the pixel electrode and the common
electrode. The liquid crystal display device may further
include a light-blocking element disposed inside the liquid
crystal injection hole.
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LIQUID CRYSTAL DISPLAY AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0124720 filed in the
Korean Intellectual Property Office on Nov. 6, 2012, the
entire contents of which are incorporated herein by reference.

BACKGROUND
[0002] (a) Technical Field
[0003] The present invention is related to a liquid crystal

display (i.e., liquid crystal display device) and a manufactur-
ing method thereof.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display typically includes two pan-
els with field generating electrodes (such as a pixel electrode
and a common electrode) and a liquid crystal layer interposed
between the panels.

[0006] The liquid crystal display may generate an electric
field in the liquid crystal layer by applying voltage to the field
generating electrodes. The electric field may determine the
direction of liquid crystal molecules of the liquid crystal
layer, thereby controlling polarization of incident light so as
to control displayed images.

[0007] A liquid crystal display manufacturing process may
include the following steps: forming a sacrificial layer with a
photoresist, removing the sacrificial layer by an etching pro-
cess after coating a support member thereon, and filling liquid
crystal through an injection hole into an empty space that is
resulted from removing the sacrificial layer. Typically, a
height of the empty space is not large. If the liquid crystal
injection hole is partially blocked by another constituent ele-
ment formed below the empty space, the liquid crystal injec-
tion may be substantially difficult and time-consuming.
[0008] 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

[0009] Embodiments of the present invention may enable
efficient formation of a liquid crystal layer in manufacturing
aliquid crystal display device, thereby minimizing the manu-
facturing time and/or minimizing the manufacturing cost.
Embodiments of the present invention may effectively seal
liquid crystal material in liquid crystal display devices to
ensure optimal performance of the liquid crystal display
devices.

[0010] One or more embodiments of the invention may be
related to a liquid crystal display device that may include a
substrate. The liquid crystal display device may further
include a pixel electrode disposed on the substrate. The liquid
crystal display device may further include a common elec-
trode that overlaps the pixel electrode, wherein a liquid crys-
tal injection hole is formed through at least the common
electrode. The liquid crystal display device may further
include a liquid crystal layer disposed between the pixel
electrode and the common electrode. The liquid crystal dis-
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play device may further include a first light-blocking element
disposed inside the liquid crystal injection hole.

[0011] The first light-blocking element may be formed
after the formation of the liquid crystal layer; therefore, the
first light-blocking element may not obstruct the formation of
the liquid crystal layer. Advantageously, the liquid crystal
layer may be efficiently formed, and therefore the manufac-
turing time and/or the manufacturing cost of the liquid crystal
display device may be minimized. The first light-blocking
element may prevent light leakage and may seal the liquid
crystal injection hole to prevent liquid crystal leakage.
Advantageously, the performance of the liquid crystal display
device may be optimized.

[0012] In one or more embodiments, the liquid crystal dis-
play device may include a transistor electrically connected to
the pixel electrode. The liquid crystal display device may
further include a gate line electrically connected to the tran-
sistor and configured to transmit a gate signal to the transistor.
The first light-blocking element extends parallel to the gate
line and overlaps the transistor.

[0013] Inoneormore embodiments, the first light-blocking
element is disposed between a first portion of the liquid crys-
tal layer and a second portion of the liquid crystal layer.
[0014] In oneor more embodiments, a portion of the liquid
crystal layer is disposed between the first light-blocking ele-
ment and the substrate.

[0015] Inoneormore embodiments, the first light-blocking
element directly contacts the liquid crystal layer.

[0016] In one or more embodiments, the liquid crystal dis-
play device may include a capping layer that is made of a
material (e.g., a transparent material) different from a mate-
rial of the first light-blocking element. A first portion of the
capping layer is disposed inside the liquid crystal injection
hole and is disposed between the first light-blocking element
and the liquid crystal layer.

[0017] Inoneormore embodiments, the first light-blocking
element is disposed between a second portion of the capping
layer and a third portion of the capping layer.

[0018] In one or more embodiments, the second portion of
the capping layer and the third portion of the capping layerare
disposed between a first portion of the common electrode and
a second portion of the common electrode.

[0019] In one or more embodiments, the liquid crystal dis-
play device may include a second light-blocking element.
The second light-blocking element is directly connected to
the first light-blocking element and extending substantially
perpendicular to the first light-blocking element.

[0020] In one or more embodiments, the liquid crystal dis-
play device may include a second light-blocking element.
The first light-blocking element is disposed at a first side with
respect to the liquid crystal layer. The second light-blocking
element is disposed at a second side with respect to the liquid
crystal layer and extends substantially perpendicular to the
first light-blocking element in a plan view of the liquid crystal
display device.

[0021] One or more embodiments of the invention may be
related to a method for manufacturing a liquid crystal display
device. The method may include the following steps: provid-
ing a pixel electrode on a substrate; providing a sacrificial
layer on the pixel electrode; providing a common electrode on
the sacrificial layer; forming a liquid crystal injection hole
through at least the common electrode; removing the sacrifi-
cial layer through the liquid crystal injection hole for forming
a cavity; injecting liquid crystal through the liquid crystal
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injection hole into the cavity for forming a liquid crystal
layer; and after the injecting, providing a first light-blocking
element in the liquid crystal injection hole.

[0022] Since the first light-blocking element is provided
after the liquid crystal has been injected, the first light-block-
ing element may not obstruct the injection of the liquid crys-
tal. Advantageously, the liquid crystal layer may be efficiently
formed, and therefore the manufacturing time and/or the
manufacturing cost of the liquid crystal display device may be
minimized. The first light-blocking element may prevent
light leakage and may seal the liquid crystal injection hole to
prevent liquid crystal leakage. Advantageously, the perfor-
mance of the liquid crystal display device may be optimized.
[0023] In one or more embodiments the method may
include the following steps: providing a photoresist pattern
that partially overlaps the common electrode; using the pho-
toresist pattern as a mask in the forming the liquid crystal
injection hole; and removing the photoresist pattern when
performing the removing the sacrificial layer.

[0024] In one or more embodiments the method may
include the following steps: providing a transistor electrically
that is connected to the pixel electrode; and providing a gate
line that is electrically connected to the transistor and is
configured to transmit a gate signal to the transistor, wherein
the first light-blocking element extends parallel to the gate
line and overlaps the transistor.

[0025] In one or more embodiments the method may
include the following step: disposing the first light-blocking
element between a first portion of the liquid crystal layer and
a second portion of the liquid crystal layer.

[0026] In one or more embodiments the method may
include the following step: disposing the first light-blocking
element such that a portion of the liquid crystal layer is
disposed between the first light-blocking element and the
substrate.

[0027] In one or more embodiments the method may
include the following step: disposing the first light-blocking
element such that the first light-blocking element directly
contacts the liquid crystal layer.

[0028] In one or more embodiments the method may
include the following steps: forming a capping layer using a
material that is different from a material of the first light-
blocking element: disposing a first portion of the capping
layer inside the liquid crystal injection hole; and disposing the
first light-blocking element such that the first portion of the
capping layer is disposed between the first light-blocking
element and the liquid crystal layer.

[0029] In one or more embodiments the method may
include the following step: disposing the first light-blocking
element such that the first light-blocking element is disposed
between a second portion of the capping layer and a third
portion of the capping layer.

[0030] In one or more embodiments the method may
include the following step: forming a second light-blocking
element when forming the first light-blocking element, the
second light-blocking element being directly connected to the
first light-blocking element and extending substantially per-
pendicular to the first light-blocking element.

[0031] In one or more embodiments the method may
include the following step: forming a second light-blocking
element before the forming the liquid crystal layer, wherein
the first light-blocking element is disposed at a first side with
respect to the liquid crystal layer, and wherein the second
light-blocking element is disposed at a second side with
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respect to the liquid crystal layer and extends substantially
perpendicular to the first light-blocking element in a plan
view of the liquid crystal display device.

[0032] One or more embodiments of the present invention
may be related to a liquid crystal display that may include the
following elements: an insulation substrate; a pixel electrode
formed on the insulation substrate; a microcavity formed on
the pixel electrode; a liquid crystal layer positioned in the
microcavity and on the pixel electrode; a common electrode
for forming an electric field with the pixel electrode; a roof
layer having a liquid crystal injection hole; and a first black
matrix positioned in the liquid crystal injection hole.

[0033] The first black matrix may extend in a horizontal
direction.
[0034] Theliquid crystal display may further include a thin

film transistor electrically connected with the pixel electrode
on the insulation substrate. The first black matrix is posi-
tioned in a transistor formation region where the thin film
transistor may be formed.

[0035] The liquid crystal display may further include the
following elements: a data line electrically connected with the
thin film transistor on the insulation substrate and extending
in a vertical direction; and a second black matrix, the second
black matrix overlapping the data line and extending along
the data line.

[0036] The second black matrix, which overlaps the data
line, may not be formed in the transistor formation region.
[0037] The second black matrix and the first black matrix
may form a lattice structure having openings in a plan view of
the liquid crystal display.

[0038] The second black matrix may be formed below the
pixel electrode or on the roof layer.

[0039] Thefirst black matrix may directly contact the liquid
crystal layer.
[0040] The liquid crystal display may further include a

capping layer positioned between the liquid crystal layer and
the first black matrix.

[0041] The capping layer may be positioned on the roof
layer.
[0042] One or more embodiments of the present invention

may be related to a manufacturing method of a liquid crystal
display. The method may include the following steps: form-
ing a pixel electrode on an insulation substrate; forming a
sacrificial layer on the pixel electrode; forming a common
electrode on the sacrificial layer; forming a roof layer on the
common electrode; forming a liquid crystal injection hole
through at least one of the roof layer and the common elec-
trode; forming a microcavity by removing the sacrificial layer
through the liquid crystal injection hole; injecting liquid crys-
tal in the microcavity through the liquid crystal injection hole;
and forming a first black matrix in the liquid crystal injection
hole.

[0043] The method may further include forming a thin film
transistor electrically connected with the pixel electrode on
the insulation substrate. The first black matrix may be formed
in the transistor formation region where the thin film transis-
tor is formed.

[0044] The method may further include the following
steps: forming a data line on the insulation substrate; and
forming a second black matrix, the second black matrix over-
lapping the data line and extending along the data line.
[0045] The second black matrix, which overlaps the data
line, may not be formed in the transistor formation region.
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[0046] The second black matrix may be positioned below
the pixel electrode. The second black matrix and the first
black matrix may form a lattice structure having openings in
a plan view of the liquid crystal display.

[0047] The second black matrix may be formed on the roof
layer and may be directly connected with the first black
matrix to form a lattice structure having openings.

[0048] The first black matrix may directly contact the liquid
crystal layer.
[0049] The method may further include forming a capping

layer that includes a first portion disposed between the liquid
crystal layer and the first black matrix.

[0050] The capping layer may include a second portion,
wherein the second portion is positioned on the roof layer.
[0051] The sacrificial layer may be formed of a photoresist
material. A photoresist pattern may be positioned on the roof
layer and may be used as a mask for forming the liquid crystal
injection hole. The sacrificial layer and the photoresist pattern
may be substantially simultaneously removed in a same wet-
etching process.

[0052] According to one or more embodiments of the
present invention, since the first black matrix is formed after
the liquid crystal injection hole has been formed and after the
liquid crystal molecules have been injected, the liquid crystal
molecules may be efficiently injected without obstruction.
Advantageously, the time required for the liquid crystal injec-
tion may be minimized, and the liquid crystal material may
sufficiently fill the microcavity. In one or more embodiments,
the photoresist and the sacrificial layer may be removed in a
same process step. Advantageously, manufacturing may be
simplified, and manufacturing time and/or manufacturing
cost may be saved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] FIG. 1 is a plan view illustrating a liquid crystal
display according to one or more embodiments of the present
invention.

[0054] FIG.2isacross-sectional view taken along line II-11
indicated in FIG. 1.

[0055] FIG. 3 is a cross-sectional view taken along line
HI-11T indicated in FIG. 1.

[0056] FIGS.4,5, and 6 are diagrams sequentially illustrat-
ing a manufacturing method of the liquid crystal display of
FIG. 1 according to one or more embodiments of the present
invention.

[0057] FIG. 7is a cross-sectional view illustrating a liquid
crystal display according to one or more embodiments of the
present invention.

[0058] FIGS. 8, 9, 10, and 11 are diagrams sequentially
illustrating a manufacturing method of the liquid crystal dis-
play of FIG. 7 according to one or more embodiments of the
present invention.

[0059] FIGS. 12 and 13 are cross-sectional views illustrat-
ing a liquid crystal display according to one or more embodi-
ments of the present invention.

[0060] FIG. 14 is a plan view illustrating positions of a first
black matrix and a second black matrix in the liquid crystal
display of FIGS. 12 and 13 according to one or more embodi-
ments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0061] Embodiments of the present invention will be
described more fully hereinafter with reference to the accom-
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panying drawings. As those skilled in the art would realize,
the described embodiments may be modified in various ways,
all without departing from the spirit or scope of the present
invention.

[0062] Inthe drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. Like refer-
ence numerals may designate like elements in the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element, or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present (except envi-
ronmental elements such as air).

[0063] Although the terms first, second, etc. may be used
herein to describe various signals, elements, components,
regions, layers, and/or sections, these signals, elements, com-
ponents, regions, layers, and/or sections should not be limited
by these terms. These terms may be used to distinguish one
signal, element, component, region, layer, or section from
another signal, region, layer or section. Thus, a first signal,
element, component, region, layer, or section discussed
below may be termed a second signal, element, component,
region, layer, or section 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 of
elements. For conciseness, the terms first, second, etc. may
represent first-type (or first-category), second-type (or sec-
ond-category), etc., respectively.

[0064] Hereinafter, a liquid crystal display (i.e., a liquid
crystal display device) according to one or more embodi-
ments of the present invention will be described in detail with
reference to FIGS. 1to 3.

[0065] FIG. 1 is a plan view illustrating a liquid crystal
display according to one or more embodiments of the present
invention, FIG. 2 is a cross-sectional view taken along line
II-II indicated in FIG. 1, and FIG. 3 is a cross-sectional view
taken along line III-1IT indicated in FIG. 1.

[0066] Inthe liquid crystal display, gate line 121 (for trans-
mitting a gate signal) and a storage voltage line 131 are
formed on an insulation substrate 110 made of transparent
glass, transparent plastic, or a different transparent substrate
material. The gate line 121 includes a first gate electrode
124q, a second gate electrode 1244, and a third gate electrode
124c¢. The storage voltage line 131 includes storage elec-
trodes 1354 and 1356 and a protrusion 134 protruding in the
gate line 121 direction (i.e., the horizontal direction). The
storage electrodes 135a and 1356 may form a structure that
surrounds a first subpixel electrode 192/ and a second sub-
pixel electrode 192/ of a front pixel. A horizontal portion of
the storage electrode 1355 may be one wiring which is not
separated from the horizontal portion of the front pixel.

[0067] A gateinsulating layer 140 is formed on the gate line
121 and the storage voltage line 131. A semiconductor 151
positioned below a data line 171 (for transmitting image
signals), portions of a semiconductor 155 positioned below
one or more drain electrodes (e.g., a drain electrode 1755),
and a semiconductor 154 positioned at a channel part of a thin
film transistor are formed on the gate insulating layer 140.

[0068] A plurality of ohmic contacts may be respectively
formed on the semiconductors 151, 154, and 155 and between
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the data line 171 and the one or more source electrodes and/or
the one or more drain electrodes, the ohmic contacts being
omitted in the drawings.

[0069] On the semiconductors 151, 154, and 155 and the
gate insulating layer 140, a set of data conductors that
includes a plurality of data lines 171 including a first source
electrode 173a and a second source electrode 17356, a first
drain electrode 175a, a second drain electrode 1755, a third
source electrode 173¢, and a third drain electrode 175¢ is
formed.

[0070] The first gate electrode 1244, the first source elec-
trode 1734, and the first drain electrode 175a form a first thin
film transistor together with the semiconductor 154, and a
channel of the thin film transistor is formed at the semicon-
ductor portion 154 between the first source electrode 1734
and the first drain electrode 175a. Analogously, the second
gate electrode 1245, the second source electrode 1735, and
the second drain electrode 1756 form a second thin film
transistor together with the semiconductor 154, and a channel
of the thin film transistor is formed at the semiconductor
portion 154 between the second source electrode 1735 and
the second drain electrode 1756. The third gate electrode
124c, the third source electrode 173¢, and the third drain
electrode 175¢ form a third thin film transistor together with
the semiconductor 154, and a channel of the thin film transis-
tor is formed at the semiconductor portion 154 between the
third source electrode 173¢ and the third drain electrode 175¢.
[0071] Thedataline 171 may have a structure with a narrow
width in a thin film transistor formation region around (or
near) an extension 175¢' of the third drain electrode 175¢.
This structure is for keeping a distance from the adjacent
wiring and reducing signal interference. In one or more
embodiments, the structure may not be required.

[0072] A first passivation layer 180 is formed on the data
conductors 171, 173¢, 1754, 1755, and 175¢ and the exposed
semiconductor 154 portion. The first passivation layer 180
may include an inorganic insulator, such as at least one of
silicon nitride (SiNx) and silicon oxide (SiOx), or an organic
insulator.

[0073] A color filter 230 is formed on the first passivation
layer 180. The color filter 230 having the same color is formed
in adjacent pixels in a vertical direction (i.e., the data line
direction). Adjacent pixels in a horizontal direction (i.e., the
gate line direction) have color filters 230 and 230" having
different colors, and two color filters 230 and 230" may be
substantially simultaneously formed and may overlap each
other over the data line 171. Each of the color filters 230 and
230" may display one color of a set of primary colors, such as
a set of three primary colors of red, green, and blue. In one or
more embodiments, each of the color filters 230 and 230' may
display one color of cyan, magenta, yellow, and white-based
colots.

[0074] A first black matrix 220, i.e., a black matrix portion
or light-blocking portion overlapping and/or covering a data
line, is formed on the color filters 230 and 230" and overlaps
at least a portion of each of the color filters 230 and 230'. The
first black matrix 220 is made of a non-transmissive material
for blocking light. The first black matrix 220 is formed based
on a region where the data line 171 is formed to extend in a
vertical direction and is not formed in a ‘transistor formation
region’, a region where the gate line 121, the storage voltage
line 131, and one or more thin film transistors are formed,
such that the first black matrix 220 may not overlap the gate
line 121, the storage voltage line 131, or the one or more thin
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film transistors. A black matrix 225 may overlap the transistor
formation region and may block light in the transistor forma-
tion region. The second black matrix 225, i.e., a black matrix
disposed in a liquid crystal injection hole 335, may be formed
after liquid crystal molecules have been injected in a micro-
cavity (e.g., microcavity 305 illustrated in FIG. 5). This will
be described below.

[0075] A second passivation layer 185 may cover the color
filter 230 and the black matrix 220 and may be formed on the
color filter 230 and the black matrix 220. The second passi-
vation layer 185 may contain an inorganic insulator, such as at
least one of silicon nitride (SiNx) and silicon oxide (SiOx), or
an organic insulator. As illustrated in cross-sectional views of
FIGS. 2 and 3. in the case where a step occurs due to a
thickness difference and/or thickness variation associated
with the color filter 230 and/or the black matrix 220, the
second passivation layer 185 may reduce or compensate the
thickness difference and/or the thickness variation; the sec-
ond passivation layer 185 may server as a planarization layer
disposed over the color filter 230 and the black matrix 220.
[0076] A first contact hole 1864 and a second contact hole
1865, which expose the first drain electrode 175a and an
extension 1755' of the second drain electrode 1755, respec-
tively, are formed in (and/or are formed through) one or more
of the color filter 230, the first black matrix 220, and the
passivation layers 180 and 185. A third contact hole 186c¢,
which exposes a protrusion 134 of the storage voltage line
131 and the extension 175¢" of the third drain electrode 175¢,
is formed in (and/or is formed through) on or more of the
color filter 230, the first black matrix 220, and the passivation
layers 180 and 185.

[0077] In one or more embodiments, the contact holes
1864, 1865, and 186¢ are formed in (and/or are formed
through) the first black matrix 220 and the color filter 230,
even if etching the first black matrix 220 and the color filter
230 may be more difficult than etching the passivation layers
180 and 185 because of material properties. In one or more
embodiments, the material used for forming the first black
matrix 220 or the color filter 230 may not be formed at
positions corresponding to the contact holes 186a, 1865, and
186¢ before etching of the black matrix 220 or the color filter
230.

[0078] Inoneormoreembodiments, the color filter 230 and
the passivation layers 180 and 185 may be etched, and a
position of the first black matrix 220 may be changed, in order
to form the contact holes 1864, 1864, and 186c¢.

[0079] On the second passivation layer 185, a pixel elec-
trode 192 including the first subpixel electrode 192/ and the
second subpixel electrode 192/1s formed. The pixel electrode
192 may be made of a transparent conductive material, such
as ITO or 1Z0.

[0080] The first subpixel electrode 192/ and the second
subpixel electrode 192/ are adjacent to each other in a column
direction. Each of the first subpixel electrode 192/ and the
second subpixel electrode 192/ may have an overall quadran-
gular shape and may include a cross stem structure having a
horizontal stem and a vertical stem crossing the horizontal
stem. Each of the first subpixel electrode 192/ and the second
subpixel electrode 192/ may be divided into four subregions
by the horizontal stem and the vertical stem, and each subre-
gion may include a plurality of minute branches.

[0081] The minute branches of the first subpixel electrode
192/ and the second subpixel electrode 192/ form an angle in
a range of approximately 40 to 45 degrees with the gate line



US 2014/0125908 Al

121 or the horizontal stem. The minute branches of two adja-
cent subregions may be perpendicular to each other. A width
of the minute branch may be gradually increased. Distances
between the minute branches may be different from each
other.

[0082] The first subpixel electrode 192/ and the second
subpixel electrode 192/ are physically and electrically con-
nected with the first drain electrode 1754 and the second drain
electrode 1755 through the contact holes 186a and 1864 and
receive data voltage from the first drain electrode 175a and
the second drain electrode 1755.

[0083] A connecting member 194 electrically connects the
extension 175¢' of the third drain electrode 175¢ and the
protrusion 134 of the storage voltage line 131 through the
third contact hole 186¢. As a result, a part of the data voltage
applied to the second drain electrode 1755 is divided through
the third source electrode 173¢, and a magnitude of the volt-
age applied to the second subpixel electrode 192/ may be
smaller than a magnitude of the voltage applied to the first
subpixel electrode 1925.

[0084] An area of the second subpixel electrode 192/ may
be in a range of 1 to 2 times an area of the first subpixel
electrode 192/.

[0085] An opening for collecting gas discharged from the
color filter 230 and a cover for covering the opening may be
formed in the second passivation layer 185. The cover may be
formed of the same material as the pixel electrode 192. The
opening and the cover may prevent gas discharged from the
color filter 230 from being transferred to other elements. In
one or more embodiments, the opening and the cover may not
be required.

[0086] A microcavity 305 (see FIG. 5) is positioned on the
second passivation layer 185 and the pixel electrode 192 (and
is positioned between the second passivation layer 185 and a
common electrode 270), and the liquid crystal layer 3 is
formed in the microcavity. An alignment layer (not illus-
trated) may be formed between the second passivation layer
185 and the liquid crystal layer 3 in order to align the liquid
crystal molecules injected in the microcavity 305. The align-
ment layer may contain at least one of polyamic acid, polysi-
loxane, and polyimide, which are generally used in a liquid
crystal alignment layer.

[0087] The liquid crystal layer 3 is formed in the microcav-
ity 305 (and on the alignment layer). The liquid crystal mol-
ecules 310 are initially aligned by the alignment layer and the
alignment direction is changed according to the applied elec-
tric field. A height of the liquid crystal layer 3 corresponds to
a height of the microcavity 305. A thickness of the liquid
crystal layer 3 may be in a range of 2.0 um to 3.6 pm.
[0088] The liquid crystal material for forming the liquid
crystal layer 3 may be injected into the microcavity 305 using
capillary force in a liquid crystal injection hole 335. The
alignment layer may be formed using capillary force.

[0089] The common electrode 270 is positioned above the
microcavity 305 and the liquid crystal layer 3 with the micro-
cavity 305 and the liquid crystal layer 3 being disposed
between the common electrode 270 and the second passiva-
tion layer 185. The common electrode 270 may have a curved
structure including a protrusion portion (illustrated in FIG. 2)
that is disposed above a data line 171 and protrudes (and is
convex) toward the data line 171. At least a portion of the first
black matrix 220 may be disposed between the protrusion
portion and the data line 171. The protrusion portion may
directly contact the second passivation layer 185. A portion of
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the roof material 312 and a portion of the lower insulating
layer 311 may be disposed inside a recess structure of the
protrusion portion. The common electrode 270 is not formed
in the liquid crystal injection hole 335 portion (which corre-
sponds to the transistor formation region); the liquid crystal
injection hole 335 may be disposed between two portions of
the common electrode 270, as illustrated in FIG. 3. The com-
mon electrode 270 may extend in a gate line direction (i.e., the
horizontal direction).

[0090] The common electrode 270 is made of a transparent
conductive material, such as ITO or 1ZO, and serves to gen-
erate an electric field together with the pixel electrode 192 to
control an alignment direction of the liquid crystal molecules.
[0091] A lower insulating layer 311 is positioned on the
common electrode 270. The lower insulating layer 311 may
contain an inorganic insulating material, such as silicon
nitride (SiNXx).

[0092] A roof layer 312 is formed on the lower insulating
layer 311. The roof layer 312 may serve to support a space
(microcavity 305) to be formed between the pixel electrode
192 and the common electrode 270. The roof layer 312
according to one or more embodiments serves to support the
microcavity 305 above the common electrode 270 at a pre-
determined thickness.

[0093] Anupper insulating layer 313 is formed on the roof
layer 312. The upper insulating layer 313 may contain an
inorganic insulating material, such as silicon nitride (SiNx).
[0094] Theliquid crystal injection hole 335 may be formed
through the lower insulating layer 311, the roof layer 312, and
the upper insulating layer 313 in the transistor formation
region, wherein a liquid crystal may be injected through the
liquid crystalinjection hole 335 into the microcavity 305. The
liquid crystalinjection hole 335 may be used for removing the
sacrificial layer 300 of FI1G. 4 in the process of forming the
microcavity 305.

[0095] The lower insulating layer 311 and the upper insu-
lating layer 313 may be laminated with portions disposed in
the transistor formation region corresponding to a position for
forming the liquid crystal injection hole 335. In one or more
embodiments, the roof layer 312 may not be formed in the
transistor formation region; therefore, the liquid crystal injec-
tion hole 335 may be formed by removing portions of the
lower insulating layer 311 and upper insulating layer 313 in
the transistor formation region without removing portions of
the roof layer 312. The sacrificial layer 300 may be exposed
through the liquid crystal injection hole 335 after a portion of
the common electrode 270 that is positioned in the transistor
formation region has been removed.

[0096] Inoneormore embodiments, the rooflayer 312, the
upper insulating layer 313, and the lower insulating layer 311
are etched in a same etching process in the transistor forma-
tion region to form the liquid crystal injection hole 335.
[0097] In one or more embodiments, the lower insulating
layer 311 and the upper insulating layer 313 may not be
required.

[0098] A second black matrix 225, i.e., a black matrix por-
tion or light-blocking portion for covering the transistor for-
mation region, is formed in the transistor formation region
and is formed inside the liquid crystal injection hole 335. The
second black matrix 225 is formed of a non-transmissive
material for blocking light. In one or more embodiments of
the present invention, the second black matrix 225 is formed
by injecting the material using an inkjet method. In one or
more embodiments, at least a portion of the second black
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matrix 225 is positioned inside the liquid crystal injection
hole 335. In one or more embodiments, a part of the second
black matrix 225 may be positioned outside the liquid crystal
injection hole 335. Since the second black matrix 225 covers
the transistor formation region, light passing through the tran-
sistor formation region is blocked, and thus the transistor
formation region is not recognized by a viewer of the liquid
crystal display. The second black matrix 225 may seal (and/or
cap) the liquid crystal injection hole 335 so that the liquid
crystal layer 3 may not leak through the liquid crystal injec-
tion hole 335 after the liquid crystal layer 3 has been injected
through the liquid crystal injection hole 335 into the micro-
cavity 305.

[0099] In one or more embodiments, as illustrated in FIG.
3, a portion of the liquid crystal layer 3 may be disposed
between the second passivation layer 185 and the second
black matrix 225. In one or more embodiments, the second
black matrix 225 may directly contact the second passivation
layer 185 and thus may separate a first portion of the liquid
crystal layer 3 from a second portion of the liquid crystal layer
3

[0100] The second black matrix 225 extends in a horizontal
direction along the transistor formation region.

[0101] As illustrated in the plan view of FIG. 1, the first
black matrix 220 (which include portions extending in the
vertical direction) and the second black matrix 225 (which
include portions extending in the horizontal direction) may
form alattice structure having openings. A substantial portion
of the pixel electrode 192, a substantial portion of the color
filter 230, and a substantial portion of the liquid crystal layer
3 may be positioned at one or more corresponding openings.
[0102] A lower polarizer (not illustrated) may be posi-
tioned below the insulation substrate 110, and an upper polar-
izer may be positioned above the upper insulating layer 313.
Each of the polarizers may include a polarized element for
generating polarization and a tri-acetyl-cellulose (TAC) layer
for ensuring durability. In one or more embodiments, direc-
tions in transmissive axes of the upper polarizer and the lower
polarizer may be vertical or parallel to each other.

[0103] A process for forming the microcavity 305 and for
injecting and capping the liquid crystal layer 3 is described
with reference to FIGS. 410 6.

[0104] FIGS. 4 to 6 are diagrams sequentially illustrating a
manufacturing method of the liquid crystal display of FIG. 1
according to one or more embodiments of the present inven-
tion.

[0105] FIG. 4 illustrates that the liquid crystal injection
hole 335 is formed to expose the microcavity 305. Steps
preceding the formation of the liquid crystal injection hole
335 are described below with reference to FIGS. 1 to 3.
[0106] The gate line 121 and the storage voltage line 131
are formed on the insulation substrate 110 made of transpar-
ent glass, transparent plastic, or a different transparent sub-
strate material. The gate line 121 and the storage voltage line
131 may be substantially simultaneously formed of the same
material using the same mask. The gate line 121 includes a
first gate electrode 124a, a second gate electrode 1245, and a
third gate electrode 124c¢. The storage voltage line 131
includes storage electrodes 1354 and 1355 and a protrusion
134 protruding in the gate line 121 direction. The storage
electrodes 1354 and 1355 have a structure surrounding a first
subpixel electrode 192/ and a second subpixel electrode 192/
ofa front pixel. Since a gate voltage is to be applied to the gate
line 121 and a storage voltage is to be applied to the storage
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voltage line 131, the gate line 121 and the storage voltage line
131 are electrically insulated from each other. The storage
voltage may have a constant voltage level or may have a swing
(or variable) voltage level.

[0107] A gate insulating layer 140 covering the gate line
121 and the storage voltage line 131 is formed on the gate line
121 and the storage voltage line 131.

[0108] Thereafter, the semiconductors 151, 154, and 155,
the data line 171, the source electrodes 173a, 1735, and 173¢,
and the drain electrodes 175a, 1755, and 175¢ are formed on
the gate insulating layer 140.

[0109] The semiconductors 151, 154, and 155, the data line
171, and the source electrodes and drain electrodes may be
formed by separate processes or substantially simultaneously
formed using one mask. In one or more embodiments, for
forming the semiconductors 151, 154, and 155, the data line
171, and the source electrodes and drain electrodes using a
same mask, materials for forming the semiconductors and
material for forming the data line, the source electrodes, and
the drain electrodes are sequentially laminated. Thereafter,
two patterns are substantially simultaneously formed through
one process of exposure, developing, and etching using one
mask (e.g., a slit mask or a transflective mask). In one or more
embodiments, in order to prevent the semiconductor 154
positioned at the channel part of the thin film transistor from
being etched. the corresponding portion is exposed through
the slit or transflective region of the mask.

[0110] A plurality of ohmic contacts may be formed on the
semiconductors 151, 154, and 155 and between the data line
171 and the source electrodes and/or the drain electrodes.

[0111] The first passivation layer 180 is formed all over the
data conductors 171,173a, 1735, 173¢, 175a, 175b, and 175¢
and the exposed semiconductor 154 portion. The first passi-
vation layer 180 may contain an inorganic insulator, such as at
least one of silicon nitride (SiNx) and silicon oxide (SiOx), or
an organic insulator.

[0112] Thereafter, the color filter 230 and the first black
matrix 220 are formed on the first passivation layer 180. The
color filter 230 is formed before the first black matrix 220 is
formed. The color filter 230 for each color may be formed by
a separate process. Portions of the color filter 230 that corre-
spond to the positions of the contact holes 1864, 18654, and
186¢ may be removed during etching of the color filter 230.

[0113] The first black matrix 220 is formed on the color
filter 230 and is formed of a non-transmissive material for
blocking light. The first black matrix 220 may extend in a
vertical direction and may overlap the data line 171 without
overlapping the transistor formation region.

[0114] Thereafter, the second passivation layer 185 is
formed all over the color filter 230 and the black matrix 220.
The second passivation layer 185 may contain an inorganic
insulator, such as at least one of silicon nitride (SiNx) and
silicon oxide (SiOx), or an organic insulator.

[0115] Thereafter, a first contact hole 186a and a second
contact hole 1865 exposing the first drain electrode 175a and
the extension 1755' of the second drain electrode 1755,
respectively, are formed in (and/or are formed through) the
color filter 230, the black matrix 220, and the passivation
layers 180 and 185. Further, in (and/or through) the color
filter 230, the black matrix 220, and the passivation layers 180
and 185, the third contact hole 186¢ exposing the protrusion
134 of the storage voltage line 131 and the extension 175¢" of
the third drain electrode 175¢ is formed.
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[0116] Thereafter, the pixel electrode 192 including the
first subpixel electrode 192/ and the second subpixel elec-
trode 192/ is formed on the second passivation layer 185. The
pixel electrode 192 may be made of a transparent conductive
material, such as ITO or IZ0. The first subpixel electrode
192/ and the second subpixel electrode 192/ are physically
and electrically connected with the first drain electrode 175a
and the second drain electrode 1755 through the contact holes
186a and 1865, respectively. The connecting member 194
that electrically connects the extension 175¢' of the third drain
electrode 175¢ and the protrusion 134 of the storage voltage
line 131 through the third contact hole 186¢ is formed. As a
result, a part of the data voltage applied to the second drain
electrode 1755 is divided through the third source electrode
173¢, and a magnitude of the voltage applied to the second
subpixel electrode 192/ may be smaller than a magnitude of
the voltage applied to the first subpixel electrode 1924
[0117] Thereafter, the sacrificial layer 300 (illustrated in
FIG. 4)is formed. The sacrificial layer 300 may be made of an
organic material, such as a photoresist material. The organic
material is exposed, developed, and etched using a mask after
the organic material has been laminated on the second passi-
vation layer 185 and the pixel electrode 192, to form the
sacrificial layer 300. The sacrificial layer 300 may have an
opening above the data line 171 such that the sacrificial layer
300 may not substantially overlap the data line. The sacrificial
layer 300 may extend in the data line 171 direction. At the
opening, the sacrificial layer 300 may have a tapered side wall
analogous to the tapered side wall of the liquid crystal layer 3
illustrated in FIG. 2.

[0118] Thereafter, the common electrode 270 and the lower
insulating layer 311 are sequentially formed on the sacrificial
layer 300, the sidewalls of the opening of the sacrificial layer
300, and the exposed portion of the second passivation layer
185 that is exposed at the opening. In one or more embodi-
ments, after a transparent conductive material, such as ITO or
1Z0, has been laminated throughout the entire panel (on the
top surfaces of the sacrificial layer 300, the sidewalls, the
exposed portion of the second passivation layer 185, etc.), a
lower insulating layer forming material containing an inor-
ganic insulating material, such as silicon nitride (SiNx), is
laminated throughout the entire panel. As a result, the lower
insulating layer 311 covers the common electrode 270.
[0119] Thereafter, the rooflayer 312 is formed on the lower
insulating layer 311. The roof layer 312 may contain an
organic material. The rooflayer 312 may not be formed in the
transistor formation region, which may correspond to the
location for the liquid crystal injection hole 335, i.e., the roof
layer 312 may have an opening at the transistor formation
region. The lower insulating layer 311 is exposed by the roof
layer 312 opening in the transistor formation region. The roof
layer 312 is exposed and developed using a mask after a roof
layer material (containing an organic material) has been lami-
nated in the entire panel area and after a portion of the roof
layer material corresponding to the transistor formation
region has been removed. Therefore, the sacrificial layer 300,
the common electrode 270, and the lower insulating layer
311, but not the roof layer 312, are formed in the transistor
formation region, and the sacrificial layer 300, the common
electrode 270, the lower insulating layer 311, and the roof
layer 312 are laminated in regions of the panel other than the
transistor formation region.

[0120] Thereafter, the upper insulating layer 313, which
may be formed of the inorganic insulating material, such as
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silicon nitride (SiNx), may be laminated on the entire display
panel. As a result, the upper insulating layer 313 is formed on
the rooflayer 312 and formed on the exposed lower insulating
layer 311 in the transistor formation region.

[0121] Thereafter, a photoresist pattern PR having an open-
ing in the transistor formation region is formed on the upper
insulating layer 313. The upper insulating layer 313, the
lowerinsulating layer 311, and the common electrode 270 are
etched using the photoresist pattern PR as a mask. As a result,
the sacrificial layer 300 is exposed by the liquid crystal injec-
tion hole 335, as illustrated in FIG. 4. The etching process for
forming the liquid crystal injection hole 335 may be per-
formed through dry etching and/or wet etching.

[0122] Thereafter, as illustrated in FIG. 5, the sacrificial
layer 300 exposed through the liquid crystal injection hole
335 is removed to form the microcavity 305. In one or more
embodiments, the sacrificial layer 300 is made of the photo-
resist material used for forming the photoresist pattern PR,
and the process of removing the photoresist pattern PR
formed on the upper insulating layer 313 may be performed
when removing the sacrificial layer 300. That is, the photo-
resist pattern PR formed on the upper insulating layer 313 and
the sacrificial layer 300 may be substantially simultaneously
wet-etched and removed by immersing the structure illus-
trated in FIG. 4 in an etchant (for example, a photo resist
stripper). Advantageously, the manufacturing process may be
substantially shortened and simplified. In one or more
embodiments, the sacrificial layer 300 may be formed of a
material that is different from the material of the photoresist
pattern PR, and two separate process steps may be performed
for removing the sacrificial layer 300 and the photo resist
pattern PR. In one or more embodiments, the sacrificial layer
300 may be removed through dry etching, alternative or in
addition to wet etching.

[0123] Thereafter, an alignment layer (not illustrated) and/
or the liquid crystal layer 3 (illustrated in FIG. 6) are injected
in the microcavity 305 using capillary force. As illustrated in
FIG. 5, the microcavity 305 and the liquid crystal injection
hole 335 are connected without obstacles. The black matrix to
be positioned in the transistor formation region is not formed
before the injection of the liquid crystal, and thus the liquid
crystal injection may be substantially easy and efficient.
[0124] After the liquid crystal material for forming the
liquid crystal layer 3 has been injected into the microcavity
305, a capping process for preventing the liquid crystal layer
3 from flowing out through the liquid crystal injection hole
335is performed. In one or more embodiments, as illustrated
in FIG. 3, the second black matrix 225 is formed in the liquid
crystal injection hole 335 to prevent transmission of light in
the transistor formation region and to cap (and/or seal) the
liquid crystal layer 3 so as to prevent leakage of liquid crystal
of the liquid crystal layer 3.

[0125] The second black matrix 225 is formed of a non-
transmissive material in the transistor formation region and in
the liquid crystal injection hole 335. In one or more embodi-
ments of the present invention, the second black matrix 225 is
formed by injecting the non-transmissive material using an
inkjet method. At least a portion of the second black matrix
225 is positioned in the liquid crystal injection hole 335.
According to one or more embodiments, a part of the second
black matrix 225 may be positioned outside the liquid crystal
injection hole 335. Since the second black matrix 225 covers
the transistor formation region, light passing through the tran-
sistor formation region is blocked, and thus the transistor
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formation region is not recognized by a viewer of the liquid
crystal display. The second black matrix 225 may also seal the
liquid crystal layer 3 so as to prevent the liquid crystal layer 3
from leaking through the liquid crystal injection hole 335
after the liquid crystal layer 3 has been injected through the
liquid crystalinjection hole 335 into the microcavity 305. The
second black matrix 225 extends in a horizontal direction
along the transistor formation region.

[0126] As illustrated in the plan view of FIG. 1, the first
black matrix 220 (which include portions extending in the
vertical direction) and the second black matrix 225 (which
include portions extending in the horizontal direction) may
form alattice structure having openings. A substantial portion
of the pixel electrode 192, a substantial portion of the color
filter 230, and a substantial portion of the liquid crystal layer
3 may be positioned at one or more corresponding openings.
[0127] According to one or more embodiments, the lower
insulating layer 311 and the upper insulating layer 313 may
not be required.

[0128] A lower polarizer (not illustrated) may be disposed
below the insulation substrate 110, and an upper polarizer
may be disposed above the upper insulating layer 313. Each
of the polarizers may include a polarized element for gener-
ating polarization and a tri-acetyl-cellulose (TAC) layer for
ensuring durability. In one or more embodiments, directions
in transmissive axes of the upper polarizer and the lower
polarizer may be vertical or parallel to each other.

[0129] As can be appreciated from the foregoing discus-
sion, the second black matrix 225 is formed after the liquid
crystal layer 3 has been injected into the microcavity 305.
Therefore, the second black matrix 225 may not block the
injection of liquid crystal for forming the liquid crystal layer
3. Advantageously, the liquid crystal layer 3 may be substan-
tially easily and efficiently formed.

[0130] In one or more embodiments, the second black
matrix 225 seals the liquid crystal layer 3 to serve as a capping
layer so as to prevent the liquid crystal layer 3 from leaking
through the liquid crystal injection hole 335.

[0131] Inoneormore embodiments, an additional or alter-
native capping layer may be formed, as illustrated in FIGS. 7
to 11.

[0132] FIG. 7is a cross-sectional view illustrating a liquid
crystal display, e.g., the liquid crystal display of FIG. 1,
according to one or more embodiments of the present inven-
tion. For example, FIG. 7 may be a cross-sectional view taken
line II-11I indicated in FIG. 1. The liquid crystal display may
include a capping layer 350.

[0133] Referring to FIG. 1, In the liquid crystal display, a
gate line 121 and a storage voltage line 131 are formed on an
insulation substrate 110 made of transparent glass, transpat-
ent plastic, or a different transparent substrate material. The
gate line 121 includes a first gate electrode 1244, a second
gate electrode 1245, and a third gate electrode 124¢. The
storage voltage line 131 includes storage electrodes 1354 and
1356 and a protrusion 134 protruding in the gate line 121
direction (i.e., the horizontal direction). The storage elec-
trodes 135a and 1355 may form a structure that surrounds a
first subpixel electrode 192/ and a second subpixel electrode
192/ of a front pixel. A horizontal portion of the storage
electrode 1355 may be one wiring which is not separated from
the horizontal portion of the front pixel.

[0134] A gateinsulating layer 140 is formed on the gate line
121 and the storage voltage line 131. A semiconductor 151
positioned below a data line 171, portions of a semiconductor
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155 positioned below one or more drain electrodes (e.g., a
drain electrode 175b), and a semiconductor 154 positioned at
a channel part of a thin film transistor are formed on the gate
insulating layer 140.

[0135] A plurality of ohmic contacts may be respectively
formed on the semiconductors 151, 154, and 155 and between
the data line 171 and the one or more source electrodes and/or
the one or more drain electrodes, is the ohmic contacts being
omitted in the drawings.

[0136] On the semiconductors 151, 154, and 155 and the
gate insulating layer 140, a set of data conductors that
includes a plurality of data lines 171 including a first source
electrode 173a and a second source electrode 1735, a first
drain electrode 1754, a second drain electrode 1755, a third
source electrode 173¢, and a third drain electrode 175¢ is
formed.

[0137] The first gate electrode 124a, the first source elec-
trode 1734, and the first drain electrode 175a form a first thin
film transistor together with the semiconductor 154, and a
channel of the thin film transistor is formed at the semicon-
ductor portion 154 between the first source electrode 173a
and the first drain electrode 175a. Analogously, the second
gate electrode 1245, the second source electrode 1735, and
the second drain electrode 1756 form a second thin film
transistor together with the semiconductor 154, and a channel
of the thin film transistor is formed at the semiconductor
portion 154 between the second source electrode 1735 and
the second drain electrode 175b. The third gate electrode
124¢, the third source electrode 173¢, and the third drain
electrode 175¢ form a third thin film transistor together with
the semiconductor 154, and a channel of the thin film transis-
tor is formed at the semiconductor portion 154 between the
third source electrode 173¢ and the third drain electrode 175¢.
[0138] The data line 171 of may have a structure with a
narrow width in a thin film transistor formation region around
(or near) an extension 175¢' of the third drain electrode 175¢.
This structure is for keeping a distance from the adjacent
wiring and reducing signal interference. In one or more
embodiments, the structure may not be required.

[0139] A first passivation layer 180 is formed on the data
conductors 171, 173¢, 1754, 1755, and 175¢ and the exposed
semiconductor 154 portion. The first passivation layer 180
may include an inorganic insulator, such as at least one of
silicon nitride (SiNx) and silicon oxide (SiOx), or an organic
insulator.

[0140] A color filter 230 is formed on the first passivation
layer 180. The color filter 230 having the same color is formed
in adjacent pixels in a vertical direction (i.e., the data line
direction). Adjacent pixels in a horizontal direction (i.e., the
gate line direction) have color filters 230 and 230" having
different colors, and two color filters 230 and 230' may be
substantially simultaneously formed and may overlap each
other over the data line 171. Each of the color filters 230 and
230" may display one color of a set of primary colors such as
three primary colors of red, green, and blue. In one or more
embodiments, each of the color filters 230 and 230' may
display one color of cyan, magenta, yellow, and white-based
colors.

[0141] A first black matrix 220, i.e., a black matrix portion
overlapping and/or covering a data line, is formed on the color
filters 230 and 230' and overlaps at least a portion of each of
the color filters 230 and 230". The first black matrix 220 is
made of a non-transmissive material for blocking light. The
first black matrix 220 is formed based on a region where the
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data line 171 is formed to extend in a vertical direction and is
not formed in a “transistor formation region’, a region where
the gate line 121, the storage voltage line 131, and one or more
thin film transistors are formed, such that the first black
matrix 220 may not overlap the gate line 121, the storage
voltage line 131, or the one or more thin film transistors. A
black matrix 225 may overlap the transistor formation region
and may block light in the transistor formation region. The
second black matrix 225, i.e., a black matrix disposed in a
liquid crystal injection hole 335, may be formed after liquid
crystal molecules have been injected in a microcavity (e.g.,
microcavity 305 illustrated in FIG. 5). This will be described
below.

[0142] A second passivation layer 185 may cover the color
filter 230 and the black matrix 220 and may be formed on the
color filter 230 and the black matrix 220. The second passi-
vation layer 185 may contain an inorganic insulator, such as at
least one of silicon nitride (SiNx) and silicon oxide (SiOx), or
an organic insulator. As illustrated in cross-sectional views of
FIGS. 2 and 3, in the case where a step occurs due to a
thickness difference and/or thickness variation associated
with the color filter 230 and/or the black matrix 220, the
second passivation layer 185 may reduce or compensate the
thickness difference and/or the thickness variation; the sec-
ond passivation layer 185 may server as a planarization layer
disposed over the color filter 230 and the black matrix 220.
[0143] A first contact hole 1864 and a second contact hole
186/ which expose the first drain electrode 175a¢ and an
extension 1755' of the second drain electrode 1755, respec-
tively, are formed in (and/or are formed through) one or more
of the color filter 230, the first black matrix 220, and the
passivation layers 180 and 185. A third contact hole 186c¢,
which exposes a protrusion 134 of the storage voltage line
131 and the extension 175¢' of the third drain electrode 175¢
is formed in (and/or is formed through) on or more of the
color filter 230, the first black matrix 220, and the passivation
layers 180 and 185.

[0144] In one or more embodiments, the contact holes
1864, 1865, and 186¢ are formed in (and/or are formed
through) the first black matrix 220 and the color filter 230,
even if etching the first black matrix 220 and the color filter
230 may be more difficult than etching the passivation layers
180 and 185 because of material properties. In one or more
embodiments, the material used for forming the first black
matrix 220 or the color filter 230 may not be formed at
positions corresponding to the contact holes 1864, 1865, and
186¢ before etching of the black matrix 220 or the color filter
230.

[0145] Inoneormore embodiments, the color filter 230 and
the passivation layers 180 and 185 may be etched, and a
position of the first black matrix 220 may be changed. in order
to form the contact holes 1864, 18654, and 186¢.

[0146] On the second passivation layer 185, a pixel elec-
trode 192 including the first subpixel electrode 1924 and the
second subpixel electrode 192/1s formed. The pixel electrode
192 may be made of a transparent conductive material such as
ITO or I70.

[0147] The first subpixel electrode 192/ and the second
subpixel electrode 192/ are adjacent to each other in a column
direction. Each of the first subpixel electrode 192/ and the
second subpixel electrode 192/ may have an overall quadran-
gular shape, and include a cross stem configured by a hori-
zontal stem and a vertical stem crossing the horizontal stem.
Each of the first subpixel electrode 192k and the second
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subpixel electrode 192/ may be divided into four subregions
by the horizontal stem and the vertical stem, and each subre-
gion may include a plurality of minute branches.

[0148] The minute branches of the first subpixel electrode
192/ and the second subpixel electrode 192/ form an angle in
a range of approximately 40 to 45 degrees with the gate line
121 or the horizontal stem. The minute branches of two adja-
cent subregions may be perpendicular to each other. A width
of the minute branch may be gradually increased. Distances
between the minute branches may be different from each
other.

[0149] The first subpixel electrode 192/ and the second
subpixel electrode 192/ are physically and electrically con-
nected with the first drain electrode 175a and the second drain
electrode 1756 through the contact holes 1864 and 1865 and
receive data voltage from the first drain electrode 175a and
the second drain electrode 1755.

[0150] A connecting member 194 electrically connects the
extension 175¢' of the third drain electrode 175¢ and the
protrusion 134 of the storage voltage line 131 through the
third contact hole 186¢. As a result, a part of the data voltage
applied to the second drain electrode 1755 1s divided through
the third source electrode 173¢, and a magnitude of the volt-
age applied to the second subpixel electrode 192/ may be
smaller than a magnitude of the voltage applied to the first
subpixel electrode 1925.

[0151] An area of the second subpixel electrode 192/ may
be in a range of 1 to 2 times an area of the first subpixel
electrode 192/.

[0152] An opening for collecting gas discharged from the
color filter 230 and a cover for covering the opening may be
formed in the second passivation layer 185. The cover may be
formed of the same material as the pixel electrode 192. The
opening and the cover may prevent gas discharged from the
color filter 230 from being transferred to other elements. In
one or more embodiments, the opening and the cover may not
be required.

[0153] A microcavity 305 is positioned on the second pas-
sivation layer 185 and the pixel electrode 192 (and is posi-
tioned between the second passivation layer 185 and a com-
mon electrode 270), and the liquid crystal layer 3 is formed in
the microcavity. An alignment layer (not illustrated) may be
formed between the second passivation layer 185 and the
liquid crystal layer 3 in order to align the liquid crystal mol-
ecules injected in the microcavity 305. The alignment layer
may contain at least one of polyamic acid, polysiloxane, and
polyimide, which are generally used in a liquid crystal align-
ment layer.

[0154] Theliquid crystal layer 3 is formed in the microcav-
ity 305 (and on the alignment layer). The liquid crystal mol-
ecules 310 are initially aligned by the alignment layer and the
alignment direction is changed according to the applied elec-
tric field. A height of the liquid crystal layer 3 corresponds to
a height of the microcavity 305. A thickness of the liquid
crystal layer 3 may be in a range of 2.0 um to 3.6 um.
[0155] Liquid crystal material for forming theliquid crystal
layer 3 may be injected into the microcavity 305 using cap-
illary force in a liquid crystal injection hole 335. The align-
ment layer may be formed capillary force.

[0156] The common electrode 270 is positioned above the
microcavity 305 and the liquid crystal layer 3 with the micro-
cavity 305 and the liquid crystal layer 3 being disposed
between the common electrode 270 and the second passiva-
tion layer 185. The common electrode 270 may have a curved
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structure including a protrusion portion (illustrated in FIG. 2)
that is disposed above a data line 171 and protrudes (and is
convex) toward the data line 171. At least a portion of the first
black matrix 220 may be disposed between the protrusion
portion and the data line 171. The protrusion portion may
directly contact the second passivation layer 185. A portion of
the roof material 312 and a portion of the lower insulating
layer 311 may be disposed inside a recess structure of the
protrusion portion. The common electrode 270 is not formed
in the liquid crystal injection hole 335 portion (which corre-
sponds to the transistor formation region); the liquid crystal
injection hole 335 may be disposed between two portions of
the common electrode 270, as illustrated in FIG. 3. The com-
mon electrode 270 may extend in a gate line direction (i.e., the
horizontal direction).

[0157] The common electrode 270 is made of a transparent
conductive material, such as ITO or 1ZO, and serves to gen-
erate an electric field together with the pixel electrode 192 to
control an alignment direction of the liquid crystal molecules.
[0158] A lower insulating layer 311 is positioned on the
common electrode 270. The lower insulating layer 311 may
contain an inorganic insulating material such as silicon nitride
(SiNx).

[0159] A roof layer 312 is formed on the lower insulating
layer 311. The roof layer 312 may serve to support a space
(microcavity 305) to be formed between the pixel electrode
192 and the common electrode 270. The roof layer 312
according to one or more embodiments serves to support the
microcavity 305 above the common electrode 270 at a pre-
determined thickness.

[0160] An upper insulating layer 313 is formed on the roof
layer 312. The upper insulating layer 313 may contain an
inorganic insulating material, such as silicon nitride (SiNx).
[0161] The liquid crystal injection hole 335 may be formed
through the lower insulating layer 311, the roof layer 312, and
the upper insulating layer 313 in the transistor formation
region, wherein a liquid crystal may be injected through the
liquid crystalinjection hole 335 into the microcavity 305. The
liquid crystalinjection hole 335 may be used for removing the
sacrificial layer 300 of FIG. 4 in the process of forming the
microcavity 305.

[0162] The lower insulating layer 311 and the upper insu-
lating layer 313 may be laminated with portions disposed in
the transistor formation region corresponding to a position for
forming the liquid crystal injection hole 335. In one or more
embodiments, the roof layer 312 may not be formed in the
transistor formation region; therefore, the liquid crystalinjec-
tion hole 335 may be formed by removing portions of the
lower insulating layer 311 and upper insulating layer 313 in
the transistor formation region without removing portions of
the roof layer 312. The sacrificial layer 300 may be exposed
through the liquid crystal injection hole 335 after a portion of
the common electrode 270 that is positioned in the transistor
formation region has been removed.

[0163] According to one or more embodiments, the roof
layer 312, the upper insulating layer 313, and the lower insu-
lating layer 311 are etched in the transistor formation region
to form the liquid crystal injection hole 335.

[0164] According to one or more embodiments, the lower
insulating layer 311 and the upper insulating layer 313 may be
omitted.

[0165] A capping layer 350 is formed on the liquid crystal
injection hole 335 and the upper insulating layer 313. The
capping layer 350 is made of a transparent material and may
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contain an organic insulating material or an inorganic insu-
lating material, such as silicon nitride (SiNx). The capping
layer 350, as illustrated in FIG. 7, may be formed throughout
the entire display panel. In one or more embodiments, the
capping layer 350 may be formed only near the liquid crystal
injection hole 335. The capping layer 350 serves to seal the
liquid crystal injection hole 335 after the liquid crystal mate-
rial of the liquid crystal layer 3 has been injected into the
microcavity 305 so as to prevent the liquid crystal layer 3
from leaking through the liquid crystal injection hole 335.

[0166] In one or more embodiments, as illustrated in FIG.
7, a portion of the liquid crystal layer 3 may be disposed
between the second passivation layer 185 and the capping
layer 350. In one or more embodiments, the capping layer 350
may directly contact the second passivation layer 185 and
thus may separate a first portion of the liquid crystal layer 3
from a second portion of the liquid crystal layer 3.

[0167] The second black matrix 225 is formed on the cap-
ping layer 350, formed in the transistor formation region,
formed in the liquid crystal injection hole 335. At least a
portion of the capping layer 350 may be disposed between the
second black matrix 225 and the second passivation layer 185
and may be disposed between the second black matrix 225
and a portion of the liquid crystal layer 3. At least a portion of
the capping layer 350 (e.g., a portion that is substantially
perpendicular to the substrate 110) may be disposed between
the second black matrix 225 and at least a portion of one or
more of the upper insulating layer 313, the rooflayer 312, the
lower insulating layer 311, the common electrode 270, and
the liquid crystal layer 3. In one or more embodiments of the
present invention, the second black matrix 225 is formed by
injecting the material using an inkjet method. In one or more
embodiments, at least a portion of the second black matrix
225 is positioned inside the liquid crystal injection hole 335.
According to one or more embodiments, a part of the second
black matrix 225 may be positioned outside the liquid crystal
injection hole 335. The second black matrix 225 is formed of
a non-transmissive material. Since the second black matrix
225 covers the transistor formation region, light passing
through the transistor formation region is blocked, and thus
the transistor formation region is not recognized by a viewer
of the liquid crystal display. The second black matrix 225
extends in a horizontal direction along the transistor forma-
tion region.

[0168] As illustrated in the plan view of FIG. 1, the first
black matrix 220 (which include portions extending in the
vertical direction) and the second black matrix 225 (which
include portions extending in the horizontal direction) may
form alattice structure having openings. A substantial portion
of the pixel electrode 192, a substantial portion of the color
filter 230, and a substantial portion of the liquid crystal layer
3 may be positioned at one or more corresponding openings.

[0169] A lower polarizer (not illustrated) may be posi-
tioned below the insulation substrate 110, and an upper polar-
izer may be positioned above the upper insulating layer 313.
Each of the polarizers may include a polarized element for
generating polarization and a tri-acetyl-cellulose (TAC) layer
for ensuring durability. In one or more embodiments, direc-
tions in transmissive axes of the upper polarizer and the lower
polarizer may be vertical or parallel to each other.

[0170] A process for forming the microcavity 305 and for
injecting and capping the liquid crystal layer 3 is described
with reference to FIGS. § to 11.
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[0171] FIGS. 8 to 11 are diagrams sequentially illustrating
amanufacturing method of the liquid crystal display of FIGS.
1 and 7 according to one or more embodiments of the present
invention.

[0172] FIG. 8 illustrates that the liquid crystal injection
hole 335 is formed to expose the microcavity 305. Steps
preceding the formation of the liquid crystal injection hole
335 are described below with reference to at least some of
FIGS. 1t0 7.

[0173] The gate line 121 and the storage voltage line 131
are formed on the insulation substrate 110 made of transpar-
ent glass, transparent plastic, or a different transparent sub-
strate material. The gate line 121 and the storage voltage line
131 may be substantially simultaneously formed of the same
material using the same mask. The gate line 121 includes a
first gate electrode 124q, a second gate electrode 1245, and a
third gate electrode 124c. The storage voltage line 131
includes storage electrodes 1354 and 1356 and a protrusion
134 protruding in the gate line 121 direction. The storage
electrodes 135a and 1355 have a structure surrounding a first
subpixel electrode 192/ and a second subpixel electrode 192/
ofa front pixel. Since a gate voltage is to be applied to the gate
line 121 and a storage voltage is to be applied to the storage
voltage line 131, the gate line 121 and the storage voltage line
131 are electrically insulated from each other. The storage
voltage may have a constant voltage level or may have a swing
(or variable) voltage level.

[0174] A gate insulating layer 140 covering the gate line
121 and the storage voltage line 131 is formed on the gate line
121 and the storage voltage line 131.

[0175] Thereafter, the semiconductors 151, 154, and 155,
the data line 171, the source electrodes 173a, 1735, and 173c¢,
and the drain electrodes 175a, 1755, and 175¢ are formed on
the gate insulating layer 140.

[0176] The semiconductors 151, 154, and 155, the data line
171, and the source electrodes and drain electrodes may be
formed by separate processes or substantially simultaneously
formed using one mask. In one or more embodiments, for
forming the semiconductors 151, 154, and 155, the data line
171, and the source electrodes and drain electrodes using a
same mask, materials for forming the semiconductors and
material for forming the data line, the source electrodes, and
the drain electrodes are sequentially laminated. Thereafter,
two patterns are substantially simultaneously formed through
one process of exposure, developing, and etching using one
mask (e.g., a slit mask or a transflective mask). In one or more
embodiments, in order to prevent the semiconductor 154
positioned at the channel part of the thin film transistor from
being etched, the corresponding portion is exposed through
the slit or transflective region of the mask.

[0177] A plurality of ohmic contacts may be formed on the
semiconductors 151, 154, and 155 and between the data line
171 and the source electrodes and/or the drain electrodes.
[0178] The first passivation layer 180 is formed all over the
data conductors 171,173a, 1736, 173¢, 175a, 17556, and 175¢
and the exposed semiconductor 154 portion. The first passi-
vation layer 180 may contain an inorganic insulator, such as at
least one of silicon nitride (SiNx) and silicon oxide (SiOx), or
an organic insulator.

[0179] Thereafter, the color filter 230 and the first black
matrix 220 are formed on the first passivation layer 180. The
color filter 230 is formed before the first black matrix 220 is
formed. The color filter 230 for each color may be formed by
a separate process. Portions of the color filter 230 that corre-
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spond to the positions of the contact holes 1864, 1865, and
186¢ may be removed during etching of the color filter 230.

[0180] The first black matrix 220 1s formed on the color
filter 230 and is formed of a non-transmissive material for
blocking light. The first black matrix 220 may extend in a
vertical direction and may overlap the data line 171 without
overlapping the transistor formation region.

[0181] Thereafter, the second passivation layer 185 is
formed all over the color filter 230 and the black matrix 220.
The second passivation layer 185 may contain an inorganic
insulator, such as at least one of silicon nitride (SiNx) and
silicon oxide (SiOx), or an organic insulator.

[0182] Thereafter, a first contact hole 186a and a second
contact hole 1865 exposing the first drain electrode 175a and
the extension 1754' of the second drain electrode 1755,
respectively are formed in (and/or are formed through) the
color filter 230, the black matrix 220, and the passivation
layers 180 and 185. Further, in (and/or through) the color
filter 230, the black matrix 220, and the passivation layers 180
and 185, the third contact hole 186¢ exposing the protrusion
134 of the storage voltage line 131 and the extension 175¢" of
the third drain electrode 175¢ is formed.

[0183] Thereafter, the pixel electrode 192 including the
first subpixel electrode 192/ and the second subpixel elec-
trode 192/ 1s formed on the second passivation layer 185. The
pixel electrode 192 may be made of a transparent conductive
material, such as ITO or IZO. The first subpixel electrode
192/ and the second subpixel electrode 192/ are physically
and electrically connected with the first drain electrode 1754
and the second drain electrode 1755 through the contact holes
186a and 1865, respectively. The connecting member 194
that electrically connects the extension 175¢' of the third drain
electrode 175¢ and the protrusion 134 of the storage voltage
line 131 through the third contact hole 186¢ is formed. As a
result, a part of the data voltage applied to the second drain
electrode 1756 is divided through the third source electrode
173¢, and a magnitude of the voltage applied to the second
subpixel electrode 192/ may be smaller than a magnitude of
the voltage applied to the first subpixel electrode 1924.

[0184] Thereafter, the sacrificial layer 300 (illustrated in
FIG. 8) is formed. The sacrificial layer 300 may be made of an
organic material, such as a photoresist material. The organic
material is exposed, developed, and etched using a mask after
the organic material has been laminated on the second passi-
vation layer 185 and the pixel electrode 192, to form the
sacrificial layer 300. The sacrificial layer 300 may have an
opening above the data line 171 such that the sacrificial layer
300 may not substantially overlap the data line. The sactificial
layer 300 may extend in the data line 171 direction. At the
opening, the sacrificial layer 300 may have a tapered side wall
analogous to the tapered side wall of the liquid crystal layer 3
illustrated in FIG. 2.

[0185] Thereafter, the common electrode 270 and the lower
insulating layer 311 are sequentially formed on the sacrificial
layer 300, the sidewalls of the opening of the sacrificial layer
300, and the exposed portion of the second passivation layer
185 that is exposed at the opening. In one or more embodi-
ments, after a transparent conductive material, such as ITO or
170, has been laminated throughout the entire panel (on the
top surfaces of the sacrificial layer 300, the sidewalls, the
exposed portion of the second passivation layer 185, etc.), a
lower insulating layer forming material containing an inor-
ganic insulating material, such as silicon nitride (SiNx), is
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laminated throughout the entire panel. As a result, the lower
insulating layer 311 covers the common electrode 270.

[0186] Thereafter, the rooflayer 312 is formed on the lower
insulating layer 311. The roof layer 312 may contain an
organic material. The roof layer 312 may not be formed in the
transistor formation region, which may correspond to the
location for the liquid crystal injection hole 335, i.e., the roof
layer 312 may have an opening at the transistor formation
region. The lower insulating layer 311 is exposed by the roof
layer 312 opening in the transistor formation region. The roof
layer 312 is exposed and developed using a mask after a roof
layer material (containing an organic material) has been lami-
nated in the entire panel area and after a portion of the roof
layer material corresponding to the transistor formation
region has been removed. Therefore, the sacrificial layer 300,
the common electrode 270, and the lower insulating layer
311, but not the roof layer 312, are formed in the transistor
formation region, and the sacrificial layer 300, the common
electrode 270, the lower insulating layer 311, and the roof
layer 312 are laminated in regions of the panel other than the
transistor formation region.

[0187] Thereafter, the upper insulating layer 313, which
may be formed of the inorganic insulating material, such as
silicon nitride (SiNx), may be laminated on the entire display
panel. As a result, the upper insulating layer 313 is formed on
the rooflayer 312 and formed on the exposed lower insulating
layer 311 in the transistor formation region.

[0188] Thereafter, a photoresist pattern PR having an open-
ing in the transistor formation region is formed on the upper
insulating layer 313. The upper insulating layer 313, the
lower insulating layer 311, and the common electrode 270 are
etched using the photoresist pattern PR as a mask. As a resullt,
the sacrificial layer 300 is exposed by the liquid crystal injec-
tion hole 335, as illustrated in FIG. 8. The etching process for
forming the liquid crystal injection hole 335 may be per-
formed through dry etching and/or wet etching.

[0189] Thereafter, as illustrated in FIG. 9, the sacrificial
layer 300 exposed through the liquid crystal injection hole
335 is removed to form the microcavity 305. In one or more
embodiments, the sacrificial layer 300 is made of the photo-
resist material used for forming the photoresist pattern PR,
and the process of removing the photoresist pattern PR
formed on the upper insulating layer 313 may be performed
when removing the sacrificial layer 300. That is, the photo-
resist pattern PR formed on the upper insulating layer 313 and
the sacrificial layer 300 may be substantially simultaneously
wet-etched and removed by immersing the structure illus-
trated in FIG. 4 in an etchant (for example, a photo resist
stripper). Advantageously, the manufacturing process may be
substantially shortened and simplified. In one or more
embodiments, the sacrificial layer 300 may be formed of a
material that is different from the material of the photoresist
pattern PR, and two separate process steps may be performed
for removing the sacrificial layer 300 and the photo resist
pattern PR. In one or more embodiments, the sacrificial layer
300 may be removed through dry etching, alternative or in
addition to wet etching.

[0190] Thereafter, an alignment layer (not illustrated) and/
orthe liquid crystal layer 3 (illustrated in FIG. 10) are injected
in the microcavity 305 using capillary force. As illustrated in
FIG. 9, the microcavity 305 and the liquid crystal injection
hole 335 are connected without obstacles. The black matrix to
be positioned in the transistor formation region is not formed
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before the injection of the liquid crystal, and thus the liquid
crystal injection may be substantially easy and efficient.
[0191] After the liquid crystal material for forming the
liquid crystal layer 3 has been injected into the microcavity
305, a capping process for preventing the liquid crystal layer
3 from flowing out through the liquid crystal injection hole
335is performed. In one or more embodiments, as illustrated
in FIG. 7, the capping layer 350 is formed to seal the liquid
crystal injection hole 335 such that leakage of the liquid
crystal layer 3 may be prevented.

[0192] Thecapping layer 350 is formed in the liquid crystal
injection hole 335 and is formed on the upper insulating layer
313. The capping layer 350 is made of a transparent material
and may contain an organic insulating material or an inor-
ganic insulating material, such as silicon nitride (SiNx). In
one or more embodiments, the capping layer 350 is formed
throughout the entire display panel. According to one or more
embodiments, the capping layer 350 may be formed only near
the liquid crystal injection hole 335. The capping layer 350
serves to seal the liquid crystal injection hole 335 after the
liquid crystal material of the liquid crystal layer 3 has been
injected into the microcavity 305 so as to prevent the liquid
crystal layer 3 from leaking through the liquid crystal injec-
tion hole 335.

[0193] Thereafter, as illustrated in FIG. 7, the second black
matrix 225, which is formed of a non-transmissive material,
may be formed on the capping layer 350, formed in the
transistor formation region, and formed in the liquid crystal
injection hole 335. In one or more embodiments of the present
invention, the second black matrix 225 is formed by injecting
the material using an inkjet method. In one or more embodi-
ments, at least a portion of the second black matrix 225 is
positioned inside the liquid crystal injection hole 335.
According to one or more embodiments, a part of the second
black matrix 225 may be positioned outside the liquid crystal
injection hole 335. Since the second black matrix 225 covers
the transistor formation region, light passing through the tran-
sistor formation region is blocked and thus the transistor
formation region is not recognized by a viewer of the liquid
crystal display. The second black matrix 225 extends in a
horizontal direction along the transistor formation region.
[0194] As illustrated in the plan view of FIG. 1, the first
black matrix 220 (which include portions extending in the
vertical direction) and the second black matrix 225 (which
include portions extending in the horizontal direction) may
form alattice structure having openings. A substantial portion
of the pixel electrode 192, a substantial portion of the color
filter 230, and a substantial portion of the liquid crystal layer
3 may be positioned at one or more corresponding openings.
[0195] According to one or more embodiments, the lower
insulating layer 311 and the upper insulating layer 313 may
not be required.

[0196] A lower polarizer (not illustrated) may be disposed
below the insulation substrate 110, and an upper polarizer
may be disposed above the upper insulating layer 313. Each
of the polarizers may include a polarized element for gener-
ating polarization and a tri-acetyl-cellulose (TAC) layer for
ensuring durability. In one or more embodiments, directions
in transmissive axes of the upper polarizer and the lower
polarizer may be vertical or parallel to each other.

[0197] As can be appreciated from the foregoing discus-
sion, the capping layer 350 and the second black matrix 225
may be formed after the liquid crystal layer 3 has been
injected into the microcavity 305. Therefore, the second black
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matrix 225 may not block the injection of liquid crystal for
forming the liquid crystal layer 3. Advantageously, the liquid
crystal layer 3 may be substantially easily and efficiently
formed.

[0198] In one or more embodiments, as illustrated in FIG.
7, the liquid crystal layer 3 may not leak through the liquid
crystal injection hole 335, which is sealed by at least the
capping layer 350. In one or more embodiments, if the mate-
rial ofthe second black matrix 225 directly contacts the liquid
crystal layer 3, the material of the second black matrix 225
may cause contamination and/or deterioration to the liquid
crystal layer 3 during or after a manufacturing process of the
second black matrix 225, and the capping layer 350, which is
disposed between the liquid crystal layer 3 and the second
black matrix 225 may prevent such contamination and/or
deterioration.

[0199] As can be appreciated from the foregoing, the for-
mation process of liquid crystal layer 3 may be performed
between the formation process of the first black matrix 220
and the formation process of the second black matrix 225,
such that the formation of the liquid crystal layer 3 may not be
obstructed by the second black matrix 225. The first black
matrix 220 and the second black matrix 225 may be formed in
two separate processes and may be located at two different
layers in the liquid crystal display.

[0200] In one or more embodiments, as discussed with
reference to FIGS. 12 to 14, a first black matrix 220 and a
second black matrix 225, i.e., two portions of a combined
black matrix, may be substantially simultaneously formed in
one process.

[0201] FIGS. 12 and 13 are cross-sectional views illustrat-
ing a liquid crystal display, e.g., the liquid crystal display of
FIG. 1, according to one or more embodiments of the present
invention, and FIG. 14 is a plan view illustrating positions of
a first black matrix and a second black matrix in the liquid
crystal display of FIGS. 12 and 13.

[0202] FIGS.12and 13 may be cross-sectional views taken
along a cross-sectional line II-II indicated in FIG. 1 and a
cross-sectional line III-1II indicated in FIG. 1, respectively.
As can be appreciated from FIGS. 12 and 13, both the first
black matrix 220 and the second black matrix 225 may be
positioned at the upper side (i.e., a same side) with respect to
the liquid crystal layer 3. In one or more embodiments, the
second black matrix 225 may be configured to seal the liquid
crystal injection hole 335. In one or more embodiments, an
additional capping layer may be formed to seal the liquid
crystal injection hole 335.

[0203] In the liquid crystal display, gate line 121 and a
storage voltage line 131 are formed on an insulation substrate
110 made of transparent glass, transparent plastic, or a difter-
ent transparent substrate material. The gate line 121 includes
a first gate electrode 124a, a second gate electrode 1245, and
a third gate electrode 124¢. The storage voltage line 131
includes storage electrodes 1354 and 1355 and a protrusion
134 protruding in the gate line 121 direction (i.e., the hori-
zontal direction). The storage electrodes 1354 and 1355 may
form a structure that surrounds a first subpixel electrode 1927
and a second subpixel electrode 192/ of a front pixel. A
horizontal portion of the storage electrode 1356 may be one
wiring which is not separated from the horizontal portion of
the front pixel.

[0204] A gateinsulating layer 140 is formed on the gate line
121 and the storage voltage line 131. A semiconductor 151
positioned below a data line 171, portions of a semiconductor
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155 positioned below one or more drain electrodes (e.g., a
drain electrode 175b), and a semiconductor 154 positioned at
a channel part of a thin film transistor are formed on the gate
insulating layer 140.

[0205] A plurality of ohmic contacts may be respectively
formed on the semiconductors 151, 154, and 155 and between
the data line 171 and the one or more source electrodes and/or
the one or more drain electrodes, the ohmic contacts being
omitted in the drawings.

[0206] On the semiconductors 151, 154, and 155 and the
gate insulating layer 140, a set of data conductors that
includes a plurality of data lines 171 including a first source
electrode 173a and a second source electrode 1735, a first
drain electrode 175a, a second drain electrode 1755, a third
source electrode 173¢, and a third drain electrode 175¢ is
formed.

[0207] The first gate electrode 124a, the first source elec-
trode 1734, and the first drain electrode 1754 form a first thin
film transistor together with the semiconductor 154, and a
channel of the thin film transistor is formed at the semicon-
ductor portion 154 between the first source electrode 173a
and the first drain electrode 175a. Analogously, the second
gate electrode 1245, the second source electrode 1735, and
the second drain electrode 175b form a second thin film
transistor together with the semiconductor 154, and a channel
of the thin film transistor is formed at the semiconductor
portion 154 between the second source electrode 1735 and
the second drain electrode 175b. The third gate electrode
124c, the third source electrode 173¢, and the third drain
electrode 175¢ form a third thin film transistor together with
the semiconductor 154, and a channel of the thin film transis-
tor is formed at the semiconductor portion 154 between the
third source electrode 173¢ and the third drain electrode 175c¢.
[0208] The data line 171 of may have a structure with a
narrow width in a thin film transistor formation region near an
extension 175¢' of the third drain electrode 175¢. This struc-
ture is for keeping a distance from the adjacent wiring and
reducing signal interference. In one or more embodiments,
the structure may not be required. A first passivation layer 180
is formed on the data conductors 171, 173¢, 1754, 1755, and
175¢ and the exposed semiconductor 154 portion. The first
passivation layer 180 may include an inorganic insulator,
such as at least one of silicon nitride (SiNx) and silicon oxide
(810x), or an organic insulator.

[0209] A color filter 230 is formed on the first passivation
layer 180. The color filter 230 having the same color is formed
in adjacent pixels in a vertical direction (i.e., the data line
direction). Adjacent pixels in a horizontal direction (i.e., the
gate line direction) have color filters 230 and 230" having
different colors, and two color filters 230 and 230' may be
substantially simultaneously formed and may overlap each
other over the data line 171. Each of the color filters 230 and
230" may display one color of a set of primary colors such as
three primary colors of red, green, and blue. In one or more
embodiments, each of the color filters 230 and 230' may
display one color of cyan, magenta, yellow, and white-based
colors.

[0210] A second passivation layer 185 may cover the color
filter 230 and may be formed on the color filter 230. The
second passivation layer 185 may contain an inorganic insu-
lator, such as at least one of silicon nitride (SiNx) and silicon
oxide (Si0x), or an organic insulator. As illustrated in cross-
sectional views of FIGS. 12 and 13, in the case where a step
occurs due to a thickness difference and/or thickness varia-



US 2014/0125908 Al

tion associated with the color filter 230, the second passiva-
tion layer 185 may reduce or compensate the thickness dif-
ference and/or the thickness variation; the second passivation
layer 185 may server as a planarization layer disposed over
the color filter 230.

[0211] A first contact hole 1864 and a second contact hole
1860 which expose the first drain electrode 175¢ and an
extension 1755' of the second drain electrode 1755, respec-
tively, are formed in (and/or are formed through) one or more
of the color filter 230 and the passivation layers 180 and 185.
A third contact hole 186¢ which exposes a protrusion 134 of
the storage voltage line 131 and the extension 175¢" of the
third drain electrode 175¢ is formed in (and/or is formed
through) on or more of the color filter 230 and the passivation
layers 180 and 185.

[0212] In one or more embodiments, the contact holes
186a, 186), and 186¢ are formed in (and/or are formed
through) the color filter 230, even if etching the color filter
230 may be more difficult than etching the passivation layers
180 and 185 because of material properties. In one or more
embodiments, the material used for forming the color filter
230 may be formed at position corresponding to the contact
holes 1864, 1865, and 186¢ before etching the color filter 230.
[0213] On the second passivation layer 185, a pixel elec-
trode 192 including the first subpixel electrode 1924 and the
second subpixel electrode 192/1s formed. The pixel electrode
192 may be made of a transparent conductive material, such
as ITO or IZ0.

[0214] The first subpixel electrode 192/ and the second
subpixel electrode 192/ are adjacent to each other in a column
direction. Each of the first subpixel electrode 192/ and the
second subpixel electrode 192/ may have an overall quadran-
gular shape, and may include a cross stem structure having a
horizontal stem and a vertical stem crossing the horizontal
stem. Each of the first subpixel electrode 192/ and the second
subpixel electrode 192/ may be divided into four subregions
by the horizontal stem and the vertical stem, and each subre-
gion may include a plurality of minute branches.

[0215] The minute branches of the first subpixel electrode
192/ and the second subpixel electrode 1927 form an angle of
approximately in a range of 40 to 45 degrees with the gate line
121 or the horizontal stem. The minute branches of two adja-
cent subregions may be perpendicular to each other. A width
of the minute branch may be gradually increased. Distances
between the minute branches may be different from each
other.

[0216] The first subpixel electrode 192/ and the second
subpixel electrode 192/ are physically and electrically con-
nected with the first drain electrode 175¢ and the second drain
electrode 1756 through the contact holes 186a and 1865 and
receive data voltage from the first drain electrode 175a and
the second drain electrode 175b.

[0217] A connecting member 194 electrically connects the
extension 175¢' of the third drain electrode 175¢ and the
protrusion 134 of the storage voltage line 131 through the
third contact hole 186¢. As a result, a part of the data voltage
applied to the second drain electrode 1755 is divided through
the third source electrode 173¢, and a magnitude of the volt-
age applied to the second subpixel electrode 192/ may be
smaller than a magnitude of the voltage applied to the first
subpixel electrode 1925.

[0218] An area of the second subpixel electrode 192/ may
be in a range of 1 to 2 times an area of the first subpixel
electrode 192/.
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[0219] An opening for collecting gas discharged from the
color filter 230 and a cover for covering the opening may be
formed in the second passivation layer 185. The cover may be
formed of the same material as the pixel electrode 192. The
opening and the cover may prevent gas discharged from the
color filter 230 from being transferred to other elements. In
one or more embodiments, the opening and the cover may not
be required.

[0220] A microcavity 305 is positioned on the second pas-
sivation layer 185 and the pixel electrode 192 (and is posi-
tioned between the second passivation layer 185 and a com-
mon electrode 270), and the liquid crystal layer 3 is formed in
the microcavity. An alignment layer (not illustrated) may be
formed between the second passivation layer 185 and the
liquid crystal layer 3 in order to align the liquid crystal mol-
ecules injected in the microcavity 305. The alignment layer
may contain at least one of polyamic acid, polysiloxane, and
polyimide, which are generally used in a liquid crystal align-
ment layer.

[0221] Theliquid crystal layer 3 is formed in the microcav-
ity 305 (and on the alignment layer). The liquid crystal mol-
ecules 310 are initially aligned by the alignment layer and the
alignment direction is changed according to the applied elec-
tric field. A height of the liquid crystal layer 3 corresponds to
a height of the microcavity 305. A thickness of the liquid
crystal layer 3 may be in a range of 2.0 pm to 3.6 pm.

[0222] The liquid crystal material for forming the liquid
crystal layer 3 may be injected into the microcavity 305 using
capillary force in a liquid crystal injection hole 335. The
alignment layer may be formed using capillary force.

[0223] The common electrode 270 is positioned above the
microcavity 305 and the liquid crystal layer 3 with the micro-
cavity 305 and the liquid crystal layer 3 being disposed
between the common electrode 270 and the second passiva-
tion layer 185. The common electrode 270 may have a curved
structure including a protrusion portion (illustrated in FIG. 2)
that is disposed above a data line 171 and protrudes (and is
convex) toward the data line 171. At least a portion of the first
black matrix 220 may be disposed between the protrusion
portion and the data line 171. The protrusion portion may
directly contact the second passivation layer 185. A portion of
the roof material 312 and a portion of the lower insulating
layer 311 may be disposed inside a recess structure of the
protrusion portion. The common electrode 270 is not formed
in the liquid crystal injection hole 335 portion (which corre-
sponds to the transistor formation region); the liquid crystal
injection hole 335 may be disposed between two portions of
the common electrode 270, as illustrated in FIG. 3. The com-
mon electrode 270 may extend in a gate line direction (i.e., the
horizontal direction).

[0224] The common electrode 270 is made of a transparent
conductive material, such as ITO or IZ0, and serves to gen-
erate an electric field together with the pixel electrode 192 to
control an alignment direction of the liquid crystal molecules.

[0225] A lower insulating layer 311 is positioned on the
common electrode 270. The lower insulating layer 311 may
contain an inorganic insulating material such as silicon nitride
(SiNx).

[0226] A roof layer 312 is formed on the lower insulating
layer 311. The roof layer 312 may serve to support a space
(microcavity 305) to be formed between the pixel electrode
192 and the common electrode 270. The roof layer 312
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according to one or more embodiments serves to support the
microcavity 305 above the common electrode 270 at a pre-
determined thickness.

[0227] Anupper insulating layer 313 is formed on the roof
layer 312. The upper insulating layer 313 may contain an
inorganic insulating material such as silicon nitride (SiNx).

[0228] The liquid crystal injection hole 335 may be formed
through the lower insulating layer 311, the roof layer 312, and
the upper insulating layer 313 in the transistor formation
region, wherein a liquid crystal may be injected through the
liquid crystalinjection hole 335 into the microcavity 305. The
liquid crystalinjection hole 335 may be used for removing the
sacrificial layer 300 of FIG. 4 in the process of forming the
microcavity 305.

[0229] The lower insulating layer 311 and the upper insu-
lating layer 313 may be laminated with portions disposed in
the transistor formation region corresponding to a position for
forming the liquid crystal injection hole 335. In one or more
embodiments, the roof layer 312 may not be formed in the
transistor formation region; therefore, the liquid crystal injec-
tion hole 335 may be formed by removing portions of the
lower insulating layer 311 and upper insulating layer 313 in
the transistor formation region without removing portions of
the roof layer 312. The sacrificial layer 300 may be exposed
through the liquid crystal injection hole 335 after a portion of
the common electrode 270 that is positioned in the transistor
formation region has been removed.

[0230] According to one or more embodiments, the roof
layer 312, the upper insulating layer 313, and the lower insu-
lating layer 311 are etched in a same etching process in the
transistor formation region to form the liquid crystal injection
hole 335.

[0231] According to one or more embodiments, the lower
insulating layer 311 and the upper insulating layer 313 may
not be required.

[0232] The first black matrix 220 and the second black
matrix 225 are formed on the liquid crystal layer 3, wherein
the first black matrix 220 may be formed on the upper insu-
lating layer 313, and wherein the second black matrix 225
may be formed in the transistor formation region and formed
in the liquid crystal injection hole 335. The first black matrix
220 and the second black matrix 225 may be made of one or
more same non-transmissive materials and may be substan-
tially simultaneously formed in a same process step using a
same mask.

[0233] The first black matrix 220 may overlap the data line
171 and may extend in a vertical direction, wherein at least a
portion of one or more of the upper insulating layer 313, the
roof layer 312, the lower insulating layer 311, the common
electrode 270, the second passivation layer 185, and the first
passivation layer 180 may be disposed between the first black
matrix 220 and the dataline 171. The second black matrix 225
may have a portion positioned inside the liquid crystal injec-
tion hole and may extend in a horizontal direction in the
transistor formation region.

[0234] As illustrated in the plan views of FIG. 14, the first
black matrix 220 (which include portions extending in the
vertical direction) and the second black matrix 225 (which
include portions extending in the horizontal direction) may
form alattice structure having openings. A substantial portion
of the pixel electrode 192, a substantial portion of the color
filter 230, and a substantial portion of the liquid crystal layer
3 may be positioned at one or more corresponding openings.
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[0235] In one or more embodiments, as discussed with
reference to FIGS. 1 to 7, the first black matrix 220 and the
second black matrix 225 may be formed at different layers in
a liquid crystal display. In one or more embodiments, as
discussed with reference to FIG. 1 and FIGS. 12 to 14, the first
black matrix 220 and the second black matrix 225 may be
connected to each other at a same layer in a liquid crystal
display.

[0236] The second black matrix 225 may seal (and/or cap)
the liquid crystal injection hole 335 so that the liquid crystal
layer 3 may not leak through the liquid crystal injection hole
335 after the liquid crystal layer 3 has been injected through
the liquid crystal injection hole 335 into the microcavity 305.

[0237] In one or more embodiments, as illustrated in FIG.
3, a portion of the liquid crystal layer 3 may be disposed
between the second passivation layer 185 and the second
black matrix 225. In one or more embodiments, the second
black matrix 225 may directly contact the second passivation
layer 185 and thus may separate a first portion of the liquid
crystal layer 3 from a second portion of the liquid crystal layer
3.

[0238] A lower polarizer (not illustrated) may be posi-
tioned below the insulation substrate 110, and an upper polar-
izer may be positioned above the upper insulating layer 313.
Each of the polarizers may include a polarized element for
generating polarization and a tri-acetyl-cellulose (TAC) layer
for ensuring durability. In one or more embodiments, direc-
tions in transmissive axes of the upper polarizer and the lower
polarizer may be vertical or parallel to each other.

[0239] The manufacturing method of the liquid crystal dis-
play discussed with reference to FIGS. 12 to 14 may include
steps that are substantially similar to steps in the manufactur-
ing process discussed with reference to one or more of FIGS.
1 to 7. Nevertheless, as can be appreciated from the discus-
sion association with FIGS. 12-14, the first black matrix 220
may not be formed immediately after the formation of the
color filter 230; instead, the first black matrix 220 may be
formed when the second black matrix 225 is formed. Advan-
tageously, total formation time for the first black matrix 220
and the second black matrix 225 may be minimized.

[0240] While this invention has been described in connec-
tion with what is presently considered to be practical embodi-
ments, it is to be understood that the invention is not limited to
the disclosed embodiments. The invention is intended to
cover various modifications and equivalent arrangements
included within the spirit and scope of the appended claims.

<Description of symbols>

121: Gate line

131: Storage voltage line

151, 152, and 155: Semiconductor
173: Source electrode

180, 185: Passivation layer

192: Pixel electrode

220: First black matrix

230: Color filter

3: Liquid crystal layer

300: Sacrificial layer

312: Roof layer

335: Liquid crystal injection hole

110: Insulation substrate
124: Gate electrode

140: Gate insulating layer
171: Data line

175: Drain electrode

186: Contact hole

194: Connecting member
225: Second black matrix
270: Common electrode
305: Microcavity

311: Lower insulating layer
313: Upper insulating layer
350: Capping layer
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What is claimed is:

1. A liquid crystal display device comprising:

a substrate;

a pixel electrode disposed on the substrate;

a common electrode overlapping the pixel electrode,
wherein a liquid crystal injection hole is formed through
at least the common electrode;

aliquid crystal layer disposed between the pixel electrode
and the common electrode; and

a first light-blocking element disposed inside the liquid
crystal injection hole.

2. The liquid crystal display device of claim 1, further

comprising:

a transistor electrically connected to the pixel electrode;
and

a gate line electrically connected to the transistor and con-
figured to transmit a gate signal to the transistor,

wherein the first light-blocking element extends parallel to
the gate line and overlaps the transistor.

3. The liquid crystal display device of claim 1, wherein the
first light-blocking element is disposed between a first portion
of the liquid crystal layer and a second portion of the liquid
crystal layer.

4. The liquid crystal display device of claim 1, wherein a
portion of the liquid crystal layer is disposed between the first
light-blocking element and the substrate.

5. The liquid crystal display device of claim 1, wherein the
firstlight-blocking element directly contacts the liquid crystal
layer.

6. The liquid crystal display device of claim 1, further
comprising a capping layer that is made of a material different
from a material of the first light-blocking element, wherein a
first portion of the capping layer is disposed inside the liquid
crystal injection hole and is disposed between the first light-
blocking element and the liquid crystal layer.

7. The liquid crystal display device of claim 6, wherein the
first light-blocking element is disposed between a second
portion of the capping layer and a third portion of the capping
layer.

8. The liquid crystal display device of claim 7, wherein the
second portion of the capping layer and the third portion of
the capping layer are disposed between a first portion of the
common electrode and a second portion of the common elec-
trode.

9. The liquid crystal display device of claim 1, further
comprising a second light-blocking element, the second
light-blocking element being directly connected to the first
light-blocking element and extending substantially perpen-
dicular to the first light-blocking element.

10. The liquid crystal display device of claim 1, further
comprising a second light-blocking element, wherein the first
light-blocking element is disposed at a first side with respect
to the liquid crystal layer, and wherein the second light-
blocking element is disposed at a second side with respect to
the liquid crystal layer and extends substantially perpendicu-
lar to the first light-blocking element in a plan view of the
liquid crystal display device.

11. A method for manufacturing a liquid crystal display
device, the method comprising:

providing a pixel electrode on a substrate;

providing a sacrificial layer on the pixel electrode;

providing a common electrode on the sacrificial layer;

16

May 8, 2014

forming a liquid crystal injection hole through at least the

common electrode;

removing the sacrificial layer through the liquid crystal

injection hole for forming a cavity;

injecting liquid crystal through the liquid crystal injection

hole into the cavity for forming a liquid crystal layer; and
after the injecting, providing a first light-blocking element
in the liquid crystal injection hole.

12. The method of claim 11, further comprising:

providing a photoresist pattern that partially overlaps the

common electrode;

using the photoresist pattern as a mask in the forming the

liquid crystal injection hole; and

removing the photoresist pattern when performing the

removing the sacrificial layer.

13. The method of claim 11, further comprising:

providing a transistor electrically that is connected to the

pixel electrode; and

providing a gate line that is electrically connected to the

transistor and 1s configured to transmit a gate signal to
the transistor,

wherein the first light-blocking element extends parallel to

the gate line and overlaps the transistor.

14. The method of claim 11, further comprising: disposing
the first light-blocking element between a first portion of the
liquid crystal layer and a second portion of the liquid crystal
layer.

15. The method of claim 11, further comprising: disposing
the first light-blocking element such that a portion of the
liquid crystal layer is disposed between the first light-block-
ing element and the substrate.

16. The method of claim 11, further comprising: disposing
the first light-blocking element such that the first light-block-
ing element directly contacts the liquid crystal layer.

17. The method of claim 11, further comprising:

forming a capping layer using a material that is different

from a material of the first light-blocking element;
disposing a first portion of the capping layer inside the
liquid crystal injection hole; and

disposing the first light-blocking element such that the first

portion of the capping layer is disposed between the first
light-blocking element and the liquid crystal layer.

18. The method of claim 17, further comprising: disposing
the first light-blocking element such that the first light-block-
ing element is disposed between a second portion of the
capping layer and a third portion of the capping layer.

19. The method of claim 11, further comprising: forming a
second light-blocking element when forming the first light-
blocking element, the second light-blocking element being
directly connected to the first light-blocking element and
extending substantially perpendicular to the first light-block-
ing element.

20. The method of claim 11, further comprising: forming a
second light-blocking element before the forming the liquid
crystal layer, wherein the first light-blocking element is dis-
posedat a first side with respect to the liquid crystal layer, and
wherein the second light-blocking element is disposed at a
second side with respect to the liquid crystal layer and extends
substantially perpendicular to the first light-blocking element
in a plan view of the liquid crystal display device.
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