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(7) ABSTRACT

A display panel is provided. A plurality of thin-film transis-
tors is disposed on a substrate. A plurality of data lines is
disposed on the substrate. Bach data line is connected to each
thin-film transistor. A plurality of color filters is disposed on
the substrate. Each color filter is disposed between two adja-
cent data lines. A plurality of black matrices is disposed on the
substrate. Each black matrix overlaps each data line. A liquid
crystal layer is disposed on the plurality of color filters. The
liquid crystal layer includes a flat area having a substantially
flat surface and a stepped area having a stepped height. The
stepped area is adjacent to an edge of the flat area.
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DISPLAY PANEL AND METHOD OF
MANUFACTURING THE SAME

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2014-0079257,
filed on Jun. 26, 2014, in the Korean Intellectual Property
Office, the disclosure of which is incorporated by reference
herein in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to a display panel and
a method of manufacturing the same.

DISCUSSION OF RELATED ART

[0003] Liquid crystal displays display image using liquid
crystal molecules. The orientation of such liquid crystal mol-
ecules may be controlled by an electric field to control polar-
ization of incident light from a source light. The liquid crystal
molecules may be held in a microcavity structure.

SUMMARY

[0004] According to an exemplary embodiment of the
inventive concept, a display panel is provided. A plurality of
thin-film transistors is disposed on a substrate. A plurality of
data lines is disposed on the substrate. Each data line of the
plurality of data lines is connected to each thin-film transistor
of the plurality of thin-film transistors. A plurality of color
filters is disposed on the substrate. Each color filter of the
plurality of color filters is disposed between two adjacent data
lines of the plurality of data lines. A plurality of black matri-
ces is disposed on the substrate. Each black matrix of the
plurality of black matrices overlaps each data line of the
plurality of data lines. A liquid crystal layer is disposed on the
plurality of color filters. The liquid crystal layer includes a flat
area having a substantially flat surface and a stepped area
having a stepped height. The stepped area is adjacent to an
edge of the flat area.

[0005] According to an exemplary embodiment of the
inventive concept, a method of manufacturing a display panel
is provided. A plurality of thin-film transistors is formed on a
substrate. A plurality of data lines is formed on the substrate.
Each data line of the plurality of data lines is connected to
each thin-film transistor of the plurality of thin-film transis-
tors. A plurality of color filters is formed on the substrate.
Each color filter of the plurality of color filters is disposed
between two adjacent data lines of the plurality of data lines.
A plurality of black matrices is on the substrate. Each black
matrix of the plurality of black matrices is disposed between
two adjacent color filters of the plurality of color filters. Each
black matrix of the plurality of black matrices overlaps each
data line of the plurality of data lines. A photoresist compo-
sitionis coated on the plurality ofcolor filters and the plurality
of black matrices to form a sacrificial layer. Light is provided
to the sacrificial layer through a mask. The mask includes a
transparent part disposed on the plurality of data lines, a
blocking part disposed on the plurality of color filters, and a
slit part disposed between the transparent part and the block-
ing part. An intensity of light provided through the slit part is
smaller than an intensity of light provided through the trans-
parent part. Hard-baking of the sacrificial layer is performed
to form a sacrificial pattern. The sacrificial pattern includes a
flat area having a substantially flat surface and a stepped area
having a stepped height adjacent to an edge of the flat area.
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[0006] According to an exemplary embodiment of the
inventive concept, a method of manufacturing a display panel
is provided. A first color filter and a second color filter are
formed on a substrate. A first electrode and a second electrode
are formed on the first color filter and the second color filter,
respectively. A black matrix is formed between the first color
filter and the second color filter. A sacrificial layer is formed
on the first color filter, the second color filter and the black
matrix. The sacrificial layer is patterned to form a preliminary
first sacrificial pattern on the first color filter and a preliminary
second sacrificial pattern on the second color filter by remov-
ing a portion of the sacrificial layer disposed between the first
color filter and the second color filter. The preliminary first
sacrificial pattern includes a first flat region and a first stepped
region. The preliminary second sacrificial pattern includes a
second flat region and a second stepped region. The first
stepped region and the second stepped region face each other
across the black matrix disposed between the first stepped
region and the second stepped region. The first flat region and
the second flat region include substantially flat surface. The
preliminary first sacrificial pattern and the preliminary sec-
ond sacrificial pattern are baked to form a first sacrificial
pattern and a second sacrificial pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other features of the present invention
will become more apparent by describing in detail exemplary
embodiments thereof with reference to the accompanying
drawings of which:

[0008] FIG. 11s a plan view illustrating a display panel in
accordance with an exemplary embodiment of the present
invention;

[0009] FIG. 2 is a plan view illustrating a first pixel of the
display panel of FIG. 1,

[0010] FIG. 3 is a cross-sectional view taken along line I-I'
of FIG. 1; and
[0011] FIGS.4A to 4l are cross-sectional views taken along

line I-I' of FIG. 1 illustrating a method of manufacturing a
display panel in accordance with an exemplary embodiment
of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0012] Exemplary embodiments of the present invention
will be described below in detail with reference to the accom-
panying drawings. However, the present invention may be
embodied in different forms and should not be construed as
limited to the embodiments set forth herein. In the drawings,
the thickness of layers and regions may be exaggerated for
clarity. It will also be understood that when an element is
referred to as being “on” another element or substrate, it may
be directly on the other element or substrate, or intervering
layers may also be present. It will also be understood that
when an element is referred to as being “coupled t0” or
“connected to” another element, it may be directly coupled to
or connected to the other element, or intervening elements
may also be present. Like reference numerals may refer to the
like elements throughout the specification and drawings.

[0013] FIG. 11s a plan view illustrating a display panel in
accordance with an exemplary embodiment of the present
invention.
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[0014] Referring to FIG. 1, a display panel includes a plu-
rality of gate lines GL, a plurality of data lines DL and a
plurality of pixels.

[0015] Thegatelines GL extendsina first direction D1. The
data lines DL extends in a second direction substantially
crossing the first direction D1. Alternatively, the gate lines GL
may extend in the second direction D2 and the data lines DL
may extend in the first direction D1.

[0016] The pixels P are arranged in a matrix shape. The
pixels P may be disposed in areas defined by the gate lines GL.
and the data lines DL.

[0017] Each pixel P may be connected to a corresponding
gate line GL and a corresponding data line DL adjacent to the
pixel.

[0018] Each pixel P has a rectangle shape extending in the
second direction D2. Alternatively, the pixel may have a
V-shape, a Z-shape or the like.

[0019] FIG. 2 is a plan view illustrating a first pixel P1 of
the display panel of FIG. 1. FIG. 3 is a cross-sectional view
taken along line I-I' of FIG. 1.

[0020] Referring to FIGS. 1to 3, the display panel includes
a substrate 100, thin film transistors TFT, a gate insulating
layer 110, a data insulating layer 120, a black matrix BM, a
color filter CF, a first insulating layer 200, a first electrode
EL1, a liquid crystal layer LC, a second electrode EL2, a
second insulating layer 300, and a roof layer 400.

[0021] The substrate 100 may be a transparent insulating
substrate. The transparent insulating substrate may be, but is
notlimited to, a glass substrate, a plastic substrate or the like.
The substrate 100 may include a plurality of pixel areas for
displaying an image. The pixel areas may be disposed in a
matrix shape having a plurality of rows and a plurality of
columns.

[0022] Each pixel may further include a switching element.
For example, the switching element may be a thin film tran-
sistor TFT. The switching element may be connected to the
gate line GL and the data line DL adjacent to the switching
element. The switching element may be disposed at a cross-
ing area of the gate line GL and the data line DL.

[0023] A gate pattern may include a gate electrode GE and
the gate line GL. The gate pattern may be disposed on the
substrate 100. The gate line GL is electrically connected to the
gate electrode GE.

[0024] The gate insulating layer 110 may be disposed on
the substrate 100 to cover the gate pattern and may insulate
the gate pattern.

[0025] A semiconductor pattern SM may be disposed on
the gate insulating layer 110. The semiconductor pattern SM
may overlap the gate electrode GE.

[0026] A data pattern may include the data line DL, a
source electrode SE and a drain electrode DE. The data pat-
tern may be disposed on the semiconductor pattern SM,
which is formed on the gate insulating layer 110. The source
electrode SE may overlap the semiconductor pattern SM. The
source electrode SE may be electrically connected to the data
line DL.

[0027] The drain electrode DE may be spaced apart from
the source electrode SE on the semiconductor pattern SM.
The semiconductor pattern SM may have a conductive chan-
nel between the source electrode SE and the drain electrode
DE.

[0028] The TFT may include the gate electrode GE, the
source electrode SE, the drain electrode DE and the semicon-
ductor pattern SM.
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[0029] Thedatainsulating layer 120 is disposed on the gate
insulating layer 110. The data insulating layer 120 may serve
to insulate the data pattern.

[0030] The gate insulating layer 110 and the data insulating
layer 120 may include an organic insulating material or an
inorganic insulating material. For example, the gate insulat-
ing layer 110 and the data insulating layer 120 may include
silicon oxide (SiOy,) or silicon nitiride (SiN).

[0031] A plurality of color filters CF and a plurality of black
matrices BM are disposed on the data insulating layer 120.
[0032] The color filters CF may be disposed between adja-
cent data lines DL. The color of light may be changed by the
color filters CF and the light may penetrate the liquid crystal
layer LC.

[0033] Each color filter CF may correspond to one pixel
area. For example, the color filters CF may include a red color
filter, a green color filter and a blue color filter. The color
filters CF, which are adjacent to each other, may have differ-
ent colors from each other. For example, the color filters CF
may be spaced apart from a border between pixel areas adja-
cent to each other.

[0034] The plurality of color filters CF may be disposed in
an island shape. Alternatively, the color filters CF adjacent to
each other may partially overlap each other on a border
between pixel areas adjacent to each other.

[0035] The display panel may include signal lines and
black matrices BM. The signal lines may be connected to the
TFT. The black matrices BM may overlap the signal lines and
may block light.

[0036] The black matrices BM are disposed on a boarder
between the pixel areas adjacent to each other. For example,
the black matrices BM are disposed between adjacent color
filters CF.

[0037] Theblack matrices BM may be disposed on an area
under which the gate line GL, the data line DL and the
switching element are disposed. The black matrices BM may
be overlapped with a plurality of the gate lines extending to
the first direction D1 and a plurality of data lines extended in
the second direction D2 crossing the first direction D1, to
thereby block a light. For example, the black matrices BM
may be disposed on a non-display area.

[0038] For example, the black matrices BM may include a
photosensitive organic material including a pigment, such as
carbon black or the like.

[0039] A first insulating layer 200 is disposed on the color
filters CF.
[0040] Thefirstinsulating layer 200 may be disposed on the

whole surface of the substrate 100. For example, the first
insulating layer 200 covers the color filters CF and the black
matrices BM.

[0041] The first insulating layer 200 may include an
organic insulating material or an inorganic insulating mate-
rial. For example, the first insulating layer 200 may include
silicon oxide (SiOy,) or silicon nitiride (SiN).

[0042] The first electrode EL1 may be disposed on a pixel
area. The first electrode EL1 is disposed on the first insulating
layer 200 and the color filter CF. The first electrode EL1 may
be electrically connected to the TFT. A grayscale voltage may
be applied to the first electrode EL1 through the TFT.
[0043] For example, the first electrode EL1 may include a
transparent conductive material, such as indium tin oxide
(ITO), indium zinc oxide (IZO) and aluminum zinc oxide
(AZ0).
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[0044] For example, the first electrode EL1 may have a slit
pattern.
[0045] Thedisplay panel may include an alignment layer to

align a liquid crystal layer LC. The alignment layer may be
disposed between the liquid crystal layer LC and the first
insulating layer 200. The alignment layer may also be dis-
posed between the liquid crystal layer LC and the second
insulating layer 300. For example, the alignment layer may be
disposed in a tunnel-shaped cavity TSC.

[0046] The liquid crystal layer LC is disposed between the
first insulating layer 200 and the second insulating layer 300.

[0047] The liquid crystal layer LC is disposed on the color
filters CF.
[0048] The liquid crystal layer includes a flat area FA and a

steeped area SA. The flat area FA may have a flat surface. The
stepped area may have a stepped height adjacent to an edge of
the flat area.

[0049] The stepped area SA is adjacent to the black matri-
ces BM.
[0050] The stepped area SA includes a convex portion adja-

cent to the flat area FA. A height H1 of the convex portion is
greater than a height H2 of the flat area. The height of the
convex portion and the flat area is measured from the first
insulating layer 200.

[0051] A height difference H1-H2 between the convex por-
tion and the flat area may be equal to or less than about 0.35
um. When the height difference H1-H2 is more than about
0.35 um, a display panel corresponding to the stepped area SA
may be dark so that an aperture ratio of a pixel area is
decreased.

[0052] For example, the liquid crystal layer LC may
include a liquid crystal. An alignment of the liquid crystal
molecule may be controlled by an electric field applied
between the first electrode EL1 and the second electrode EL2.
Therefore, a light transmittance of the pixel may be con-
trolled.

[0053] The second electrode EL2 is disposed on the black
matrices BM and the liquid crystal layer LC. For example, the
second electrode F1.2 may include a transparent conductive
material such as indium tin oxide (ITO) and indium zinc
oxide (1Z0).

[0054] The second insulating layer 300 is disposed on the
second electrode EL2. The second insulating layer 300 may
include an organic insulating material or an inorganic insu-
lating material. For example, the second insulating layer 300
may include silicon oxide (Si10,) or silicon nitiride (SiN,).
[0055] The roof layer 400 is disposed on the second insu-
lating layer 300.

[0056] For example, the roof layer 400 may include an
organic material. Although it is not illustrated in the figures, a
developer injecting hole may be formed on the roof layer 400
to form the liquid crystal layer LC by injecting liquid crystal
molecules through the developer injecting hole. The roof
layer 400 may be hardened by heat.

[0057] Although it is not illustrated in the figures, an encap-
sulating layer may be disposed on the roof layer 400 so that
the encapsulating layer may cover the developer injecting
hole to prevent the liquid crystal from leaking through the
developer injecting hole.

[0058] Hereinafter, it will be described a method of form-
ing the stepped area SA of FIG. 3 with reference to FIGS. 1 to
41. FIGS. 4A to 4l are cross-sectional views taken along line
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I-T' of FIG. 1 illustrating a method of manufacturing a display
panel in accordance with an exemplary embodiment of the
present invention.

[0059] Referringto FIGS. 1t04A, aplurality of color filters
CF and a plurality of black matrices BM are formed on a
substrate 100. The substrate 100 includes a gate insulating
layer 110, a data line DL and a data insulating layer 120.
[0060] A gate pattern including a gate electrode GE and a
gate line GL. may be formed on the substrate 100. To form the
gate pattern, a first conductive layer may be formed on the
substrate 100 and may be patterned by a photolithography
process.

[0061] The gate insulating layer 110 may be formed on the
substrate 100 to cover the gate pattern. The gate insulating
layer 110 may insulate the gate pattern.

[0062] A semiconductor pattern SM may be formed on the
gate insulating layer 110. The semiconductor pattern SM may
overlap with the gate electrode GE.

[0063] A data pattern including a data line DL, a source
electrode SE and a drain electrode DE may be formed on the
gate insulating layer 110 on which the semiconductor pattern
SM is formed. To form a data pattern, a second conductive
layer may be formed on the gate insulating layer 110 and may
be patterned by a photolithography process.

[0064] The drain electrode DE may be spaced apart from
the source electrode SE on the semiconductor pattern SM.
The semiconductor pattern SM may have a conductive chan-
nel between the source electrode SE and the drain electrode
DE.

[0065] The TFT may include the gate electrode GE, the
source electrode SE, the drain electrode DE and the semicon-
ductor pattern SM.

[0066] The data insulating layer 120 is formed on the gate
insulating layer 110 on which the data pattern is formed.
[0067] The color filters CF are formed on the data insulat-
ing layer 120. The color filters CF may be disposed between
adjacent data lines DL.

[0068] The black matrices BM are formed on a border
between two neighboring pixel areas. For example, the black
matrices BM may be disposed between two neighboring
color filters CF. The black matrices BM may be disposed on
an area under which the gate line GL, the data line DL and the
switching element are disposed. For example, the black
matrices BM may include a photosensitive organic material
including a pigment, such as carbon black or the like.
[0069] Referringto FIGS. 110 4B, a photoresist is coated on
the color filters CF and the black matrices BM to form a
sacrificial layer SL.

[0070] The sacrificial layer SL may be partially removed to
form a space of a tunnel-shaped cavity. For example, the
sacrificial layer may be formed at a position where the liquid
crystal layer LC is formed. The sacrificial layer S may
determine a width and height of the tunnel-shaped cavity.
[0071] The sacrificial layer SL. may be formed by coating
the photoresist composition on the resulting structure of FIG.
4A. The photoresist composition may include a positive pho-
toresist. The positive photoreisist may be an organic material
including, such as, a siloxane resin, a novolak resin or the like.
[0072] The sacrificial layer SL may be formed by deposi-
tion and ashing processes or by deposition and polishing
processes. Alternatively, the sacrificial layer may be formed
by an inkjet process, a spin-coating process or the like.
[0073] The sacrificial layer SL. may be soft-baked prior to
light exposure.
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[0074] For example, the sacrificial layer SL may be soft-
baked within a temperature range of about 120° C. to about
130° C. When the sacrificial layer SL is soft-baked with a
temperature less than about 120° C., the flat area FA of the
sacrificial layer SL is decreased so that an aperture ratio is
reduced. When the sacrificial layer SL is soft-baked with a
temperature more than about 130° C., the convex portion of
the stepped area SA of the sacrificial layer SL is increased so
that an aperture ratio is reduced.

[0075] Referring to FIGS. 1o 4E, the sacrificial layer SL is
exposed and developed by using a mask MASK. The sacrifi-
cial layer SL. is hard-baked, thus releasing a remaining gas in
the sacrificial layer SL. For example, the sacrificial layer SL
may be hard-baked within a temperature range of about 130°
C. to about 150° C. Therefore, the sacrificial pattern SLPT
may be formed, and the sacrificial pattern SLPT includes the
flat area FA and the stepped area SA.

[0076] The mask MASK may include a transparent part T,
a blocking part B and a slit part SP.

[0077] Light may be transmitted to the sacrificial layer
disposed on the data lines DL through the transparent part T
of the mask MASK. The blocking part B may block light
incident thereon. The slit part SP may reduce light provided
on the sacrificial layer disposed on the black matrices BM.
The superposition of the light provided through the slit part
SP and the transparent part T may generate a pattern of light
absorbed by the sacrificial layer SL. The pattern of light may
causes a chemical change that allows some of the sacrificial
layer SL to be removed by a developing process. The sacri-
ficial layer may a stepped structure after the developing pro-
cess.

[0078] The slit part SP includes a slit S and a gap G. Light
incident on the slit S is reflected. Light is transmitted through
the gap G penetrates, and the transmitted light is incident on
the sacrificial layer SL as shown in FIG. 4C.

[0079] An intensity of light provided through the gap G
may be smaller than an intensity of light provided through the
transparent part T.

[0080] Forexample, a width W2 of the gap G may be about
50% to about 80% of a width W2 of the slit part SP.

[0081] When the width W2 of the gap G is less than about
50% or more than about 80% of the width W2 of the slit part
SP, the height difference H1-H2 between the flat area FA and
the convex portion of the stepped area SA may be increased so
that an aperture ratio may be reduced.

[0082] Forexample, the width W2 of the gap may be within
arange of about 1.3 um toabout 2.1 um. In this case, the width
W1 of the slit part may be within a range of about 2.6 um to
about 4.2 pm.

[0083] An exposed portion of the sacrificial layer SL may
be partially removed by using a developer as shown in FIG.
4D.

[0084] The developer may include an alkali solution. For
example, the developer may include about 90% or more of
water and 10% or less of alkali component. The developer
only removes the sacrificial layer. For example, the developer
may include about 2.38% of tetramethylammonium hydrox-
ide (TMAH) or about 1% of potassium hydroxide (KOH).
The removal of the sacrificial layer by the developer may be
performed at about 23° C. to about 26° C.
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TABLE 1
Width  Width
ofthe  ofthe Ratio of Height difference
gap  slitpart widths a-b)(um
(W1) (W2) (WI/W2*100) 258 539 1571
(m)  (um) ) ml ml o ml
Exemplary 2.1 3 70.0 0417 0.346 0.207
embodiment 1
Exemplary 1.9 3 63.3 0.340 0.251 0.144
embodiment 2
Exemplary 1.7 3 56.7 0.301 0.269 0.144
embodiment 3
Exemplary 1.3 3 30.0 0.290 0.486 0.182
embodiment 4
Exemplary 1.3 2.6 30.0 0.355 0.321 0.142
embodiment §
Comparative 1.3 3 433 0.384 0.510 0.219
embodiment 1
Comparative 1.1 3 36.7 0.454 0.493 0.253
embodiment 2
Comparative 0.9 3 30.0 0.505 0.517 0.242
embodiment 3
Comparative — — — 0.431 0476 0.277

embodiment 4

[0085] Table 1 shows a height difference between the flat
area FA and the convex portion of the stepped area SA of the
sacrificial pattern SLPT in various sizes of the widths W1 and
W2 as shown in FIG. 4C.

[0086] In accordance with exemplary embodiments 1 to 5
of the table 1, a width of the slit S and a width of the gap G are
controlled so that the width W1 of the gap G is about 50% to
about 80% of the width W2 of the slit part SP. And then, a
height difference between the convex portion of the stepped
area SA and the flat area FA is measured.

[0087] Inaccordance with comparative embodiments 1 to3
of thetable 1, the width of the slit S and a width of the gap G
are controlled so that the width W1 of the gap G is less than
about 50% or more that about 80% of the width W2 of the slit
part SP. A height difference between the convex portion of the
stepped area SA and the flat area FA is measured. In addition,
in accordance with comparative embodiments 4 ofthe table 1,
the slit part PG is not formed on the mask MASK so that the
stepped area SA is not formed on the sacrificial layer SL. And
aheight difference between the convex portion of the stepped
area SA and the flat area FA is measured.

[0088] Referring to Table 1, when the width W1 of the gap
G is about 50% to about 80% of the width W2 of the slit part
SP, a height difference between the convex portion of the
stepped area SA and the flat area FA is smaller than the
comparative embodiment 4. However, when the width (W1)
of the gap G is less than about 50% or more than about 80%
of the width (W2) of the slit part SP, a height difference
between the convex portion of the stepped area SA and the flat
area FA is equal to or greater than the comparative embodi-
ment 4.

[0089] Referring to FIGS.1to 4F, the second electrode E1.2
is formed on the sacrificial pattern SLPT, the second insulat-
ing layer 300 is formed on the second electrode EL.2.

[0090] The second electrode EL2 is formed on the black
matrices BM and the sacrificial pattern SLPT. For example,
the second electrode EL2 may include a transparent conduc-
tive material such as indium tin oxide (ITO) and indium zinc
oxide (IZ0).

[0091] The second insulating layer 300 is disposed on the
second electrode EL2. The second insulating layer 300 may
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include an organic insulating material or an inorganic insu-
lating material. For example, the second insulating layer 300
may include silicon oxide (SiO,) or silicon nitiride (SiNy).
[0092] Referring to FIGS. 1 to 4H, the roof layer 400 is
formed on the second insulating layer 300. And then, the
sacrificial pattern SLPT is removed by using the developer.
[0093] Although it is not illustrated in the figures, before
removing the sacrificial pattern SLPT, a developer injecting
hole may be formed on the sacrificial layer.

[0094] A photoresist composition may be coated on the
second insulating layer 300, which is formed on the second
electrode FL2. The photoresist composition need not be
formed on a position corresponding to the developer injecting
hole that is used as a pathway for removing the sacrificial
pattern SLPT. Therefore, the photoresist composition may
expose a portion of the second insulation layer between pixel
areas adjacent to each other.

[0095] The photoresist composition and the sacrificial pat-
tern SLPT may be exposed to a light. The photoresist com-
position including a negative photoresist is hardened by the
light exposure.

[0096] The second electrode EL2 and the second insulation
layer 300 are transparent, thereby transmitting the light to the
sacrificial pattern SLPT. Thus, the sacrificial pattern SLPT
including a positive photoresist may be dissolved and trans-
formed by the light exposure, and may be removed by a
developing process. The intensity of light used for the light
exposure may be in a range from about 300 mJ to about 3 1.
The wavelength of the light may be about 365 nm.

[0097] The photoresist composition including the negative
photoresist may be hardened, and then the exposed portion of
the second insulating layer 300 may be partially removed by
an etching process. Thus, the developer injecting hole may be
formed. The photoresist composition may function as a mask,
and the partially exposed portion of the second insulation
layer may be etched to form the developer injecting hole.
[0098] A developer may be injected to the sacrificial pattern
SLPT through the developer injecting hole. The developer
eliminates the sacrificial pattern SLPT through the developer
injecting hole. The sacrificial pattern SLPT may be removed
by the developer because the sacrificial pattern SLPT has
been transformed by the light exposure. A tunnel-shaped
cavity TSC is formed by removing the sacrificial pattern
SLPT by the developer. The tunnel-shaped cavity TSC is
formed at a space where the sacrificial pattern SLPT is
removed.

[0099] The developer may include an alkali solution. For
example, the developer may include about 90% or more of
water and about 10% or less of alkali component. The devel-
oper only removes the sacrificial pattern SLPT. For example,
the developer may include about 2.38% of tetramethylammo-
nium hydroxide (TMAH) or about 1% of potassium hydrox-
ide (KOH).

[0100] The removal of the sacrificial pattern SLPT by the
developer may be performed at about 23° C. to about 26° C.
The removal of the sacrificial pattern SLPT may be acceler-
ated by increasing the processing temperature. For example,
the sacrificial layer may be removed by the developer at about
23°C. to about 80° C.

[0101] Referring to FIGS. 1 to 41, the liquid crystal is
injected into the tunnel-shaped cavity TSC, thus forming the
liquid crystal layer LC.

[0102] The liquid crystal is provided as a fluid. The liquid
crystal may flow into the tunnel-shaped cavity TSC by cap-
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illary action. For example, the liquid crystal may be provided
into the tunnel-shaped cavity TSC through a developer inject-
ing hole.

[0103] The liquid crystal may be provided into the tunnel-
shaped cavity TSC by using an inkjet apparatus having a
micropipette. Alternatively, the liquid crystal may be pro-
vided into the tunnel-shaped cavity TSC by using a vacuum
injection apparatus. When using the vacuum injection appa-
ratus, the developer injecting hole may be immersed in the
chamber including a liquid crystal. When the pressure of the
chamber decreases, the liquid crystal may be drawn into the
tunnel-shaped cavity TSC by capillary action.

[0104] Although it is not illustrated in the figures, an encap-
sulating layer may be disposed on the roof layer 400 so that
the encapsulating layer may cover the developer injecting
hole to prevent the liquid crystal from leaking out from the
tunnel-shaped cavity TSC.

[0105] According to an exemplary embodiment of the
present invention, a display panel and a method of manufac-
turing the display panel may be used for a liquid crystal
display panel including one base substrate and a liquid crystal
display apparatus having the same.

[0106] While the present invention has been shown and
described with reference to exemplary embodiments thereof,
it will be apparent to those of ordinary skill in the art that
various changes in form and detail may be made therein
without departing from the spirit and scope of the inventive
concept as defined by the following claims.

What is claimed is:
1. A display panel comprising:
a substrate;

a plurality of thin-film transistors disposed on the sub-
strate;

a plurality of data lines disposed on the substrate, wherein
each data line of the plurality of data lines is connected
to each thin-film transistor of the plurality of thin-film
transistors;

a plurality of color filters disposed on the substrate,
wherein each color filter of the plurality of color filters is
disposed between two adjacent data lines of the plurality
of data lines;

a plurality of black matrices disposed on the substrate,
wherein each black matrix of the plurality of black
matrices overlaps each data line of the plurality of data
lines; and

a liquid crystal layer disposed on the plurality of color
filters, wherein the liquid crystal layer comprises a flat
area having a substantially flat surface and a stepped area
having a stepped height, wherein the stepped area is
adjacent to an edge of the flat area.

2. The display panel of claim 1, wherein the stepped area is
adjacent to each black matrix of the plurality of black matri-
ces.

3. The display panel of claim 1, wherein the stepped area
comprises a convex portion adjacent to the edge of the flat
area, and a height of the convex portion is greater than a height
of the flat area.

4. The display panel of claim 1, further comprising:

a first electrode disposed on the plurality of color filters;
and

a second electrode disposed on the liquid crystal layer.
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5. The display panel of claim 4, further comprising:

an insulating layer disposed on the second electrode.

6. The display panel of claim 5, further comprising:

aroof layer disposed on the insulating layer.

7. A method of manufacturing a display panel comprising:

forming a plurality of thin-film transistors on a substrate;

forming a plurality of data lines on the substrate, wherein
each data line of the plurality of data lines is connected
to each thin-film transistor of the plurality of thin-film
transistors;

forming a plurality of color filters on the substrate, wherein

each color filter of the plurality of color filters is dis-
posed between two adjacent data lines of the plurality of
data lines;

forming a plurality of black matrices on the substrate,

wherein each black matrix of the plurality of black
matrices is disposed between two adjacent color filters
of the plurality of color filters, and wherein each black
matrix of the plurality of color filters overlaps each data
line of the plurality of data lines;

coating a photoresist composition on the plurality of color

filters and the plurality of black matrices to form a sac-
rificial layer;

providing light to the sacrificial layer through a mask,

wherein the mask comprises a transparent part disposed
on the plurality of data lines, a blocking part disposed on
the plurality of color filters, and a slit part disposed
between the transparent part and the blocking part,
whereinan intensity ofthe light provided through the slit
part is smaller than an intensity of the light provided
through the transparent part; and

hard-baking the sacrificial layer to form a sacrificial pat-

tern, wherein the sacrificial pattern includes a flat area
having a substantially flat surface and a stepped area
having a stepped height adjacent to an edge of the flat
area.

8. The method of claim 7, wherein the slit part comprises a
slit and a gap, wherein the light is reflected from the slit and
is transmitted through the gap, wherein the gap is interposed
between the slit and the blocking part.

9. The method of claim 8, wherein a width of the gap is
about 50% to about 80% of a width of the slit part, wherein the
width of the slit part is a combined width of the gap and the
slit.

10. The method of claim 9, wherein the width of the gap is
within a range of about 1.3 um to about 2.1 pm.

11. The method of claim 10, wherein the width of the slit
part is within a range of about 2.6 um to about 4.2 pm.

12. The method of claim 7, further comprising:

soft-baking the sacrificial layer prior to the providing of the

light to the sacrificial layer.

13. The method of claim 12, wherein the sacrificial layer is
soft-baked within a temperature range of about 120° C. to
about 130° C.

14. The method of claim 7, wherein the sacrificial layer is
hard-baked within a temperature range of about 130° C. to
about 150° C.
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15. The method of claim 7, further comprising:

forming a first electrode on the plurality of color filters; and

forming a second electrode on the sacrificial pattern.

16. The method of claim 7, further comprising:

replacing the sacrificial pattern with a liquid crystal layer,

wherein the liquid crystal layer fills a space occupied by
the sacrificial pattern.

17. The method of claim 16, wherein the replacing of the
sacrificial pattern comprises:

depositing an inorganic material on the second electrode to

form an insulating layer,

forming a roof layer on the insulating layer,

removing the sacrificial pattern by using a developet,

injecting a liquid crystal into the space occupied by the

sacrificial pattern to form the liquid crystal layer.

18. A method of manufacturing a display panel compris-
ing:

forming a first color filter and a second color filter on a

substrate;

forming a first electrode and a second electrode on the first

color filter and the second color filter, respectively;
forming a black matrix between the first color filter and the
second color filter;

forming a sacrificial layer on the first color filter, the second

color filter and the black matrix;

patterning the sacrificial layer to form a preliminary first

sacrificial pattern on the first color filter and a prelimi-
nary second sacrificial pattern on the second color filter
by removing a portion of the sacrificial layer disposed
between the first color filter and the second color filter,

wherein the preliminary first sacrificial pattern includes a

first flat region and a first stepped region, wherein the
preliminary second sacrificial pattern includes a second
flat region and a second stepped region, wherein the first
stepped region and the second stepped region face each
other across the black matrix disposed between the first
stepped region and the second stepped region and
wherein the first flat region and the second flat region
include substantially flat surface; and

baking the preliminary first sacrificial pattern and the pre-

liminary second sacrificial pattern to form a first sacri-
ficial pattern and a second sacrificial pattern.

19. The method of claim 18, wherein the baking of the
preliminary first sacrificial pattern and the preliminary sec-
ond sacrificial pattern is performed at a temperature range of
about 130° C. to about 150° C.

20. The method of claim 18, wherein the patterning of the
sacrificial layer includes providing light to the sacrificial
layer through a mask, wherein the mask comprises a trans-
parent part disposed on the portion of the sacrificial layer
between the first color filter and the second color filter, a
blocking part disposed on the first color filter and the second
color filter, and a slit part disposed between the transparent
part and the blocking part, wherein an intensity of light pro-
vided through the slit part is smaller than an intensity of light
provided through the transparent part.
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