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DISPLAY PANEL AND METHOD FOR
MANUFACTURING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 2008-67967, filed on Jul. 14, 2008, and all
the benefits accruing therefrom under 35 U.S.C. §119, the
contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This disclosure relates to a display panel and a
method for manufacturing the display panel.

[0004] 2. Description of the Related Art

[0005] Generally, a liquid crystal display (“LCD”) device
includes an LCD panel, which displays an image using the
light transmissivity of liquid crystal molecules, and a back-
light assembly disposed below the LCD panel to provide light
on the LCD panel.

[0006] The LCD panel includes a first substrate, compris-
ing a plurality of pixel electrodes and a plurality of thin-film
transistors (“TFTs”) which are electrically connected to the
pixel electrodes, a second substrate having a common elec-
trode and a plurality of color filters, and a liquid crystal layer
interposed between the first and second substrates.

[0007] The LCD panel may be operated in a patterned
vertical alignment (“PVA”) mode to provide an improved
viewing angle and a superior contrast ratio (“CR”). When a
PVA LCD panel is manufactured, a rubbing process is not
required, however, a process of patterning the common elec-
trode of the second substrate may be added. However, when
the PVA LCD panel is manufactured, the process of pattern-
ing the common electrode may result in misalignment
between the first and second substrates and reduce an aperture
ratio.

[0008] To overcome these and other problems, a super ver-
tical alignment (“SVA”) technology has been developed. In
the SVA technology, liquid crystal molecules and ultraviolet
(“UV”)-curable particles are injected between the first and
second substrates, and the UV-curable particles are cured to
pretilt the liquid crystal molecules under conditions in which
a data voltage, corresponding to a gray scale value of full
white, is applied between the first and second substrates.
[0009] However, a current process for curing the UV-cur-
able particles may require the data voltage to be applied
between the first and the second substrates for a long time,
thus increasing a processing time for manufacturing an LCD
display panel. Therefore it would be desirable to shorten
process time required to cure the UV-curable particles.

BRIEF SUMMARY OF THE INVENTION

[0010] Exemplary embodiments provide a display panel
capable of reducing processing time.

[0011] Exemplary embodiments also provide a method for
manufacturing the above-mentioned display panel.

[0012] The above described and other drawbacks are alle-
viated by a method of manufacturing a display panel, the
method comprises forming a display panel comprising a first
substrate, the first substrate including a pixel electrode dis-
posed thereon, a second substrate including a common elec-
trode disposed thereon, and a liquid crystal layer interposed
between the first and the second substrates, the liquid crystal
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layer comprising a plurality of liquid crystal molecules and a
plurality of ultraviolet (“UV”)-curable particles; and curing a
portion of the UV-curable particles by disposing light on the
display panel, wherein an exposure voltage, which is greater
than a maximum data voltage, which corresponds to a maxi-
mum grayscale data of the display panel, is applied between
the pixel electrode and the common electrode.

[0013] In an exemplary embodiment, the exposure voltage
may have a range of about 7 V to about 20 V.

[0014] In an exemplary embodiment, the remaining par-
ticles among the UV-curable particles that have not been
cured may be cured by disposing light on the display panel,
wherein the exposure voltage is not applied between the pixel
electrode and the common electrode.

[0015] In an exemplary embodiment, the pixel electrode
may include a lower pixel electrode for receiving a first data
voltage, and a higher pixel electrode for receiving a second
data voltage, which is greater than the first data voltage.
[0016] Inanexemplary embodiment, curing the portion of
the UV-curable particles may include applying a first expo-
sure voltage, which is greater than the maximum data voltage,
to the lower pixel electrode, and applying a second exposure
voltage, which is greater than the first exposure voltage, to the
higher pixel electrode.

[0017] Inanexemplary embodiment, curing the portion of
the UV-curable particles may include applying light of a first
energy level on the lower pixel electrode, and applying light
of'a second energy level, which is greater than the light of the
first energy level, to the higher pixel electrode.

[0018] In an exemplary embodiment, the light may be UV
light. The content of the UV-curable particles may be equal to
or less than about 0.2 weight percent (wt %) with respect to
the liquid crystal molecules. The pixel electrode may have a
plurality of micro-slit patterns formed therethrough.

[0019] Also disclosed is a display panel comprising a first
substrate comprising a pixel electrode, the pixel electrode
including a lower pixel electrode which receives a first data
voltage and a higher pixel electrode which receives a second
data voltage, wherein the second data voltage is greater than
the first data voltage; a second substrate comprising a com-
mon electrode disposed facing the first substrate; and a liquid
crystal layer interposed between the first and the second sub-
strates, the liquid crystal layer comprising a plurality of liquid
crystal molecules and a plurality of UV-curable particles, the
UV-curable particles pretilting the liquid crystal molecules
corresponding to the lower pixel electrode at a first pretilt
angle, and pretilting the liquid crystal molecules correspond-
ing to the higher pixel electrode at a second pretilt angle,
wherein the first pretilt angle and the second pretilt angle are
different.

[0020] Inanexemplary embodiment, the pretilt angle of the
liquid crystal molecules corresponding to the higher pixel
electrode may be greater than that of the liquid crystal mol-
ecules corresponding to the lower pixel electrode. Alterna-
tively, the pixel electrode may include a plurality of micro-slit
patterns formed therethrough.

[0021] Also disclosed is a method of manufacturing a dis-
play panel, the method comprises disposing a display panel
comprising a first substrate comprising a pixel electrode, the
pixel electrode comprising a lower pixel electrode which
receives a first data voltage and a higher pixel electrode which
receives a second data voltage, wherein the second data volt-
age is greater than the first data voltage; a second substrate
comprising a common electrode disposed thereon; and a lig-
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uid crystal layer comprising a plurality of liquid crystal mol-
ecules and a plurality of UV-curable particles, the liquid
crystal layer interposed between the first and the second sub-
strates; and curing a portion of the UV-curable particles by
disposing light on the display panel to pretilt the liquid crystal
molecules corresponding to the lower pixel electrode at a first
pretilt angle and pretilting the liquid crystal molecules corre-
sponding to the higher pixel electrode at a second pretilt
angle, wherein the first pretilt angle and the second pretilt
angle are different, and wherein an exposure voltage is
applied between the pixel electrode and the common elec-
trode during the curing.

[0022] In an exemplary embodiment, a pretilt angle of the
liquid crystal molecules corresponding to the higher pixel
electrode may be greater than a pretilt angle of the liquid
crystal molecules corresponding to the lower pixel electrode.
[0023] In an exemplary embodiment, curing a portion of
the UV-curable particles may include applying a first expo-
sure voltage to the lower pixel electrode, and a second expo-
sure voltage, which is greater than the first exposure voltage,
to the higher pixel electrode.

[0024] In an exemplary embodiment, curing a portion of
the UV-curable particles may include applying the exposure
voltage to the lower pixel electrode for the first time, and
applying the exposure voltage to the higher pixel electrode for
the second time, which is longer than the first time.

[0025] In an exemplary embodiment, curing a portion of
the UV-curable particles may include applying light of a first
energy level to the lower pixel electrode, and light of a second
energy level, which is greater than the first energy level, is
applied to the higher pixel electrode.

[0026] In an exemplary embodiment, curing a portion of
the UV-curable particles may include applying the light to the
lower pixel electrode for a first time, and applying light to the
higher pixel electrode for a second time, which is longer than
the first time.

[0027] Alternatively, in an exemplary embodiment, curing
the remaining UV-curable particles that have not been cured
may include disposing light on the display panel under con-
ditions in which the exposure voltage is not applied between
the pixel electrode and the common electrode. The pixel
electrode may include micro-slit patterns.

[0028] In an embodiment, the UV-curable particles are
cured under conditions in which an exposure voltage, which
is higher than a maximum data voltage corresponding to
maximum grayscale data of the display panel, is applied
between a pixel electrode and a common electrode, so that the
time required for curing the UV-curable particles may be
reduced.

[0029] Moreover, the UV-curable particles are cured to
pretilt the liquid crystal molecules at different angles from
each other with respect to the lower and the higher pixel
electrodes, respectively, so that a visibility property of the
display panel may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other aspects, features, and advan-
tages of the invention will become more apparent by describ-
ing in further detail exemplary embodiments thereof with
reference to the accompanying drawings, in which:

[0031] FIG. 1 is a plan view illustrating an exemplary
embodiment of a portion of a display panel;
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[0032] FIG. 2 is a cross-sectional view taken along line I-I'
in FIG. 1 showing an exemplary embodiment of the display
panel;

[0033] FIG. 3 is a simplified circuit diagram schematically

illustrating an exemplary embodiment of the display panel in
FIG. 1,

[0034] FIG. 4 is a simplified circuit diagram schematically
illustrating an exemplary embodiment of a pixel electrode
divided into three sections on the display panel in FIG. 1;
[0035] FIGS. 5 and 6 are cross-sectional views schemati-
cally illustrating an exemplary embodiment of a process for
manufacturing the display panel in FIG. 1;

[0036] FIG.7isacross-sectional view illustrating an exem-
plary embodiment of a portion of a display panel according to
another embodiment;

[0037] FIG. 8 is a graph illustrating an exemplary embodi-
ment of a relationship between a data voltage and light trans-
missivity according to exposure voltage or exposure energy;
[0038] FIGS. 9 and 10 are cross-sectional views schemati-
cally illustrating an exemplary embodiment of a process for
manufacturing the display panel in FIG. 7; and

[0039] FIGS. 11,12, and 13 are cross-sectional views sche-
matically illustrating another exemplary embodiment of a
process for manufacturing the display panel in FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

[0040] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
exemplary embodiments are shown. The invention may, how-
ever, be embodied in many different forms and should not be
construed as limited to the exemplary embodiments set forth
herein. Rather, these exemplary embodiments are provided so
that this disclosure will be thorough and complete, and will
fully convey the scope of the disclosure to those skilled in the
art. In the drawings, the sizes and relative sizes of layers and
regions may be exaggerated for clarity.

[0041] It will be understood that when an element or layer
is referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected to or
coupled to the other element or layer, or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numerals refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0042] Tt will be understood that, although the terms first,
second, third etc., or upper or lower, may be used herein to
describe various elements, components, regions, layers and/
or sections, these elements, components, regions, layers and/
or sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region,
layer, or section from another region, layer, or section. Thus,
a first element, component, region, layer, or section discussed
below could be termed a second element, component, region,
layer, or section without departing from the teachings of this
disclosure.

[0043] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
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device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0044] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the invention. As used herein, the
singular forms “a,” “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0045] Exemplary embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations of idealized exemplary embodiments (and inter-
mediate structures). As such, variations from the shapes of the
illustrations, as a result, for example, of manufacturing tech-
niques and/or tolerances, are to be expected. Thus, exemplary
embodiments should not be construed as limited to the par-
ticular shapes of regions illustrated herein but are to include
deviations in shapes that result, for example, from manufac-
turing. For example, an implanted region illustrated as a rect-
angle will, typically, have rounded or curved features and/or
a gradient of implant concentration at its edges rather than a
binary change from implanted to non-implanted region. Like-
wise, a buried region formed by implantation may result in
some implantation in the region between the buried region
and the surface through which the implantation takes place.
Thus, the regions illustrated in the figures are schematic in
nature and their shapes are not intended to illustrate the actual
shape of a region of a device and are not intended to limit the
scope of the disclosure.

[0046] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0047] Hereinafter, the disclosed embodiments will be
explained in further detail with reference to the accompany-
ing drawings.

[0048] FIG. 1 is a plan view illustrating an exemplary
embodiment of a portion of a display panel according to an
embodiment. FIG. 2 is a cross-sectional view taken along line
I-I'in FIG. 1.

[0049] Referring to FIGS. 1 and 2, a display panel includes
a first substrate 100, a second substrate 200 facing the first
substrate 100, and a liquid crystal layer 300 interposed
between the first substrate 100 and the second substrate 200.
[0050] The first substrate 100 includes a first transparent
substrate 110, a gate line GL, a gate insulation layer 120, a
first data line DL1, a second data line DL2, a first thin-film

Jan. 14,2010

transistor (“TFT”) ST1, a second TFT ST2, a protective layer
130, a pixel electrode 140, and a first alignment layer 150.
[0051] The gate line GL is disposed on the first transparent
substrate 110 in a first direction D11. The gate insulation layer
120 is disposed on the first transparent substrate 110 and the
gate line GL. In an embodiment, the gate insulation layer 120
substantially covers an entire surface of the gate line GL. The
first and the second data lines DL1 and DL2 are disposed on
the gate insulation layer 120 in a second direction D12, which
is substantially perpendicular to the first direction D11. A first
data voltage may be applied to the first data line DL1, and a
second data voltage, which is greater than the first data volt-
age, may be applied to the second data line DL.2.

[0052] The first TFT ST1 may include a first gate electrode
G1, which protrudes from the gate line GL, a first active
pattern (not shown) disposed on the gate insulation layer 120
corresponding to the first gate electrode G1, a first source
electrode S1 which protrudes from the first data line DL.1 and
overlaps the first active pattern, and a first drain electrode D1
which is spaced apart from the first source electrode S1 and
overlaps the first active pattern.

[0053] The second TFT ST2 may include a second gate
electrode G2, which protrudes from the gate line GL, a second
active pattern (not shown) disposed on the gate insulation
layer 120 corresponding to the second gate electrode G2, a
second source electrode S2 which protrudes from the second
data line DL2 and overlaps the second active pattern, and a
second drain electrode D2 which is spaced apart from the
second source electrode S2 and overlaps with the second
active pattern. In an embodiment, the first and the second gate
electrodes G1 and G2 may be disposed integrally with each
other.

[0054] The protective layer 130 is disposed on the gate
insulation layer 120 and can substantially cover the first and
the second data lines DL1 and DL2 and the first and the
second TFTs ST1 and ST2. The protective layer 130 may
include an inorganic insulation layer 132 and an organic
insulation layer disposed on the inorganic insulation layer
132. The inorganic insulation layer 132 is disposed on the
gate insulation layer 120 and can substantially cover the first
and the second data lines DL1 and DL2 and the first and the
second TFTs ST1 and ST2.

[0055] The pixel electrode 140 is formed on the protective
layer 130 within a unit pixel. The pixel electrode 140 may
include a material that is optically transparent and electrically
conductive. The pixel electrode 140 includes a lower pixel
electrode LP, which is electrically connected to the first drain
electrode D1, and a higher pixel electrode HP, which is spaced
apart from the lower pixel electrode and is electrically con-
nected to the second drain electrode D1. In an embodiment,
the lower pixel electrode LP may be larger than the higher
pixel electrode HP.

[0056] The pixel electrode 140, which comprises the lower
and the higher pixel electrodes LP and HP, may comprise a
plurality of slits. In an embodiment, the slits are a micro-slit
pattern.

[0057] Inanembodiment, the lower pixel electrode LP may
include a lower stem portion L.LP-a comprising a cross shape,
a lower branch portion LP-b comprising a radial shape and
protruding from the lower stem portion LP-a, and a lower
contact portion LP-c which is electrically connected to the
lower stem portion LP-a or the lower branch portion LP-b and
overlaps the first drain electrode D1. In an embodiment the
lower contact portion LP-c electrically contacts the first drain
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electrode D1 through a first contact hole H1, which is dis-
posed through the protective layer 130.

[0058] The higher pixel electrode HP may include a higher
stem portion HP-a comprising a cross shape, a higher branch
portion HP-b comprising a radial shape and protruding from
the higher stem portion HP-a, and a higher contact portion
HP-c electrically connected to the higher stem portion HP-a
orthe higher branch portion HP-b and overlapping the second
drain electrode D2. In an embodiment, the higher contact
portion HP-c electrically contacts the second drain electrode
D2 through a second contact hole H2 which is disposed
through the protective layer 130.

[0059] The first alignment layer 150 is disposed on the
protective layer 130 and covers the pixel electrode 140.
[0060] The second substrate 200 may include a second
transparent substrate 210, a color filter 220, a planarization
layer 230, a common electrode 240, and a second alignment
layer 250.

[0061] The color filter 220 is disposed on the second trans-
parent substrate 210 facing the first substrate 100. The pla-
narization layer 230 is disposed on the color filter 220 to
planarize a surface of the color filter 220. The common elec-
trode 240 may include a material which is optically transpar-
ent and electrically conductive. The common electrode 240 is
disposed on the planarization layer 230. The second align-
ment layer 250 is disposed on the common electrode 240.
Alternatively, the color filter 220 may be disposed on the first
substrate 100.

[0062] The liquid crystal layer 300 is interposed between
the first and the second substrates 100 and 200. The liquid
crystal layer 300 includes a plurality of liquid crystal mol-
ecules 310 and a plurality of ultraviolet (“UV”)-curable par-
ticles 320. Optionally, the liquid crystal layer 300 may further
include a plurality of photoinitiator molecules (not shown).
[0063] The liquid crystal molecules 310 are rearranged by
an electric field formed between the pixel electrode 140 and
the common electrode 240 and control light transmissivity.
[0064] The UV-curable particles 320 are interposed
between the liquid crystal molecules 310 and can be cured by
light. The UV-curable particles 320 may pretilt the liquid
crystal molecules 310 at a selected angle 0, where 0 is defined
with respect to a perpendicular direction 10. In an embodi-
ment, the perpendicular direction 10 is perpendicular to a
surface of the first and the second substrates 100 and 200. In
an embodiment, the pretilt angle 8 of the liquid crystal mol-
ecules 310, corresponding to the lower and the higher pixel
electrodes, respectively, may be substantially equal to each
other. In another embodiment, the pretilt angle 6 of the liquid
crystal molecules corresponding to the lower pixel electrode
may be equal to 0 and the pretilt angle of the liquid crystal
molecules corresponding to the higher pixel electrode may be
equal to -0.

[0065] The UV-curable particles 320 may be contained in
anamount between about 0.01 weight percent (wt %) to about
3 wt %, specifically between about 0.05 wt % to about 2 wt %,
more specifically between about 0.1 wt % to about 1 wt %,
based on the liquid crystal molecules 310. In an embodiment,
the UV-curable particles 320 may be contained in an amount
of less than or equal to about 0.2 weight percent (wt %) with
respect to the liquid crystal molecules 310. The UV-curable
particles 320 may include polymers, oligomers, or monomers
selected from acrylate and (meth)acrylate monomers, oligo-
mers and polymers and copolymers, including urethane acry-
lates, epoxy acrylates, polyester acrylates, elastomeric (meth)
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acrylates, including mono, di, tri and tetra functional
monomers or related oligomeric or polymeric compositions
which optionally may be end-capped with monomeric units
containing polymerizable double bonds, including vinyl or
vinyl-type monomers, oligomers and polymers including
those based on vinyl chloride, vinyl alcohol, vinyl acetate and
related vinyl monomers, oligomers and polymers, or the like,
or a combination comprising at least one of the foregoing
UV-curable compounds. In an embodiment, the UV-curable
particles 320 may include acryl, methacryl, dienyl, or vinyl
groups.

[0066] The liquid crystal layer 300 may further include
photo initiator molecules (not shown) to initiate curing of the
UV-curable particles 320.

[0067] FIG. 3 is a simplified circuit diagram schematically
illustrating an exemplary embodiment of the display panel in
FIG. 1.

[0068] Referring to FIGS. 1 and 3, the first TFT ST1 is
electrically connected to the lower pixel electrode LP. When
a gate signal is applied to the gate line GL, the first data
voltage transmitted to the first data line DL1 is applied to the
lower pixel electrode LP.

[0069] Also, the second TFT ST2 is electrically connected
to the higher pixel electrode HP. When a gate signal is applied
to the gate line GL, the second data voltage, transmitted to the
second data line DL1, is applied to the higher pixel electrode
HP.

[0070] FIG. 4 is a simplified circuit diagram schematically
illustrating an exemplary embodiment of a pixel electrode
divided into three sections on the display panel in FIG. 1.
[0071] Referring to FIG. 4, the lower pixel electrode LP
may include a first and a second lower pixel electrodes LP1
and LP2 electrically connected to each other. In an embodi-
ment, the higher pixel electrode HP is disposed between the
first and the second lower pixel electrodes LP1 and LP2.
[0072] Hereinafter, a process for manufacturing a display
panel, as shown in FIGS. 1 to 4, is described in further detail.
[0073] FIGS. 5 and 6 are cross-sectional views schemati-
cally illustrating an exemplary embodiment of a process for
manufacturing the display panel in FIG. 1. More particularly,
FIG. 5 is a cross-sectional view schematically illustrating an
exemplary embodiment of a process in which light is applied
while an exposure voltage is applied between a pixel elec-
trode and a common electrode, and FIG. 6 is a cross-sectional
view schematically illustrating an exemplary embodiment of
aprocess in which light is applied when the exposure voltage
is not applied between the pixel electrode and the common
electrode.

[0074] Referring to FIG. 5, the first substrate 100 and the
second substrate 200 in FIGS. 1 to 4 are disposed, and then the
liquid crystal molecules 310 and the UV-curable particles 320
are disposed between the first and the second substrates 100
and 200 to form the liquid crystal layer 300. Thus, in an
embodiment, a display panel comprising the first substrate
100, the second substrate 200, and the liquid crystal layer 300
is disposed. In an embodiment, the liquid crystal layer 300
may further include a plurality of photoinitiator molecules to
initiate curing of the UV-curable particles 320.

[0075] Then, under conditions in which an exposure volt-
age is applied between the pixel electrode 140 and the com-
mon electrode 240, light is disposed on the display panel to
cure a portion of the UV-curable particles 320. Thus, under
conditions in which the exposure voltage is applied to the
pixel electrode 140 and a common voltage is applied to the
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common electrode 240, a portion of the UV-curable particles
320 is cured. In an embodiment, the light may be UV light. As
a result, the liquid crystal molecules 320 may be pretilted at a
selected angle 0 with respect to the perpendicular direction.

[0076] In this embodiment, the exposure voltage is greater
than a maximum data voltage which corresponds to a maxi-
mum grayscale value of the display panel. That is, the expo-
sure voltage is greater than a maximum data voltage, which
corresponds to a maximum grayscale value, which corre-
sponds to full white. In an embodiment, the maximum data
voltage is about 7 volts (“V”), and the exposure voltage may
be between about 4 V to about 30 V, specifically between
about 7'V to about 20V, more specifically between about 9V
to about 18 V. In an embodiment, when the exposure voltage
is less than about 7 V, the time required for curing the UV-
curable particles 320 is increased. When the exposure voltage
is more than about 20V, the liquid crystal molecules 310 may
be excessively pretilted and light leakage may result.

[0077] Alternatively, when the exposure voltage is applied
to the pixel electrode 140, a different voltage may be applied
to the lower and the higher pixel electrodes LP and HP. In an
embodiment, a first exposure voltage, which is greater than
the maximum data voltage, may be disposed on the lower
pixel electrode LP, and a second exposure voltage, which is
greater than the first exposure voltage, may be disposed on the
higher pixel electrode HP.

[0078] Also, when the light is disposed on the display
panel, light of different energy levels may be applied to the
lower and the higher pixel electrodes LP and HP. For
example, light of a first energy level may be applied to the
lower pixel electrode LP, and light of a second energy level,
which is greater than the first energy level, may be applied to
the higher pixel electrode HP.

[0079] Referring to FIG. 6, after performing an exposure
with an electric field, any remaining uncured UV-curable
particles may be cured by disposing light on the display panel
under conditions in which the exposure voltage is not applied
between the pixel electrode 140 and the common electrode
240. Thus, in an embodiment, all of the remaining particles
are cured without an electric field.

[0080] Accordingly, in an embodiment, when a voltage
greater than a maximum data voltage, which corresponds to a
maximum grayscale value which corresponds to full white, is
applied to a pixel electrode and a common electrode, UV-
curable particles are cured by disposing UV light on a display
panel so that a time required for curing the UV-curable par-
ticles may be reduced.

[0081] FIG.7isacross-sectional view illustrating a portion
of a display panel according to another embodiment.

[0082] A display panel according to this embodiment is
substantially identical to the display panel of the exemplary
embodiment described in FIGS. 1 to 6, except for the liquid
crystal layer 300. Thus, a detailed explanation of elements
other than the liquid crystal layer 300 will be omitted. Also,
elements substantially identical to the display panel of the
above described exemplary embodiment will be used to refer
to the same reference numerals as those described in FIGS. 1
to 6.

[0083] Referring to FIG. 7, a liquid crystal layer 300 is
interposed between the first and second substrates 100 and
200. The liquid crystal layer 200 may include a plurality of
liquid crystal molecules 310 and a plurality of UV-curable
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particles 320. Alternatively, the liquid crystal layer 300 may
further include a plurality of photoinitiator molecules (not
shown).

[0084] The liquid crystal molecules 310 are rearranged by
an electric field formed between the pixel electrode 140 and
the common electrode 240, which can also be used to control
light transmissivity.

[0085] The UV-curable particles 320 are interposed
between the liquid crystal molecules 310, and the UV-curable
particles 320 are cured by light. The UV-curable particles 320
may pretilt the liquid crystal molecules 310 at a selected angle
0 with respect to the perpendicular direction 10. In an
embodiment, the perpendicular direction 10 is perpendicular
to a surface of the first and the second substrates 100 and 200.
[0086] In this embodiment, the pretilt angles of the liquid
crystal molecules 310 corresponding to the lower and the
higher pixel electrodes LP and HP, induced by the UV-curable
particles 320, are different from each other. In an embodi-
ment, a second pretilt angle 62 of liquid crystal molecules
corresponding to the higher pixel electrode HP is smaller than
afirst pretilt angle 61 of molecules corresponding to the lower
pixel electrode LP. In another embodiment, a second pretilt
angle 02 of liquid crystal molecules corresponding to the
higher pixel electrode HP is greater than a first pretilt angle 61
of liquid crystal molecules corresponding to the lower pixel
electrode LP.

[0087] In an embodiment the content the UV-curable par-
ticles 320 is less than or equal to about 0.2 wt % based on the
liquid crystal molecules 310. The UV-curable particles 320
may include acryl, methacryl, dienyl, or vinyl groups. Thus
the UV-curable particles may comprise acrylates, (meth)
acrylates, compounds comprising polymerizable double
bonds, vinyl groups, or the like, or a combination comprising
at least one of the foregoing compounds.

[0088] The liquid crystal layer 300 may further include
photoinitiator molecules (not shown) to initiate curing of the
UV-curable particles 320.

[0089] FIG. 8 is a graph illustrating a relationship between
a data voltage and light transmissivity according to exposure
voltage or exposure energy.

[0090] Referring to FIG. 8, when the exposure voltage
applied between the pixel electrode 140 and the common
electrode 240 is increased or the energy level of light applied
to the display panel is increased, a voltage-transmissivity
(“VT”) curve is shifted to lower values of voltage, thus to the
left in FIG. 8. In an embodiment, the VT curve represents a
relationship between a data voltage applied to the pixel elec-
trode 140 and light transmissivity through the pixel electrode
140.

[0091] When the VT curve is shifted to lower values (to the
left in FIG. 8), the VT curve represents increasing the light
transmissivity with respect to the same data voltage. Thus, in
an embodiment, when the exposure voltage applied to the
pixel electrode 140 and the common electrode is increased, or
the energy level of light applied to the display panel is
increased, light transmissivity may be increased with respect
to a given data voltage.

[0092] As aresult, when a second exposure voltage, which
is greater than a first exposure voltage, is applied to the lower
pixel electrode LP, and the first exposure voltage is applied to
the higher pixel electrode HP, or light of a second energy
level, which is greater than an energy level of light of a first
energy level, is applied to the higher pixel electrode HP, a
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luminance generated at the higher pixel electrode HP may be
increased more than a luminance generated at the lower pixel
electrode LP.

[0093] Hereinafter, a process for manufacturing the display
panel shown in FIG. 7 is described in detail.

[0094] FIGS. 9 and 10 are cross-sectional views schemati-
cally illustrating an exemplary embodiment of a process for
manufacturing the display panel shown in FIG. 7. More par-
ticularly, FIG. 9 is a cross-sectional view illustrating an exem-
plary embodiment of a process in which light is applied while
an exposure voltage is applied between a pixel electrode and
a common electrode, and FIG. 10 is a cross-sectional view
illustrating an exemplary embodiment of a process in which
light is applied when the exposure voltage is not applied.
[0095] Referring to FIG. 9, the first substrate 100 and the
second substrate 200 in FIG. 7 are disposed, and the liquid
crystal molecules 310 and the UV-curable particles 320 are
disposed between the first and second substrates 100 and 200
to form the liquid crystal layer 300. Then, when a common
voltage is applied to the common electrode 240, a first expo-
sure voltage is applied to the lower pixel electrode LP, a
second exposure voltage, which is greater than the first expo-
sure voltage, is applied to the higher pixel electrode HP, and
light, for example UV light, is disposed on the display panel
to cure a portion of the UV-curable particles 320. In an
embodiment, the common voltage may be about 0V, the first
exposure voltage may be between about 2 V to about 6 V,
specifically about 4 V, and the second exposure voltage may
be between about 5V to about 9V, specifically about 7 V.
[0096] As a result, molecules corresponding to the lower
pixel electrode LP, among the liquid crystal molecules 320,
may be pretilted at a first angle 01 with respect to the perpen-
dicular direction 10, and molecules corresponding to the
higher pixel electrode HP among the liquid crystal molecules
320 may be pretilted at a second angle 02, wherein the second
angle 62 is greater than the first angle 61 with respect to the
perpendicular direction 10.

[0097] Alternatively, when the first and the second expo-
sure voltages are applied to the lower and the higher pixel
electrodes LP and HP, respectively, the energy levels of light
applied to the display panel may be substantially identical to
each other with respect to the lower and the higher pixel
electrodes LP and HP. In an embodiment, the energy levels of
light applied to the display panel may be between about 1
joule (“J) to about 20 ], specifically between about 3 J to
about 10 J, more specifically between about 5 J to about 7 J,
per unit area.

[0098] However, when the first and the second exposure
voltages are applied to the lower and the higher pixel elec-
trodes LP and HP, respectively, the energy levels of light
applied to the display panel may be different from each other
with respect to the lower and the higher pixel electrodes LP
and HP. Thus, in an embodiment, the energy level of light
applied to the lower pixel electrode LP may be about 3 J per
unit area, and the energy level of light applied to the higher
pixel electrode HP may be about 7 J per unit area.

[0099] Referring to FIG. 10, after performing an electric
field exposure, remaining particles are cured by irradiating
light on the display panel so that the remaining particles that
have not been cured among the UV-curable particles 320 are
cured under conditions in which the exposure voltage is not
applied between the pixel electrode 140 and the common
electrode 240. Thus, all of the remaining particles are cured
without electric field exposure.
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[0100] Inthis embodiment, the energy level of light applied
without an electric field may be greater than an energy level of
light applied with an electric field to rapidly cure the remain-
ing particles. For example, the energy level of light applied
without an electric field may be between about 10 J to about
50 J, specifically between about 20 J to about 40 J, more
specifically about 30 J per unit area.

[0101] Hereinafter, a process for manufacturing a display
panel in FIG. 7 will be described in further detail.

[0102] FIGS. 11 to 13 are cross-sectional views schemati-
cally illustrating another exemplary process for manufactur-
ing the display panel shown in FIG. 7. More particularly, FIG.
11is a cross-sectional view illustrating an exemplary embodi-
ment of a process in which light is applied when an exposure
voltage is applied between a pixel electrode and a common
electrode, FIG. 12 is a cross-sectional view illustrating an
exemplary embodiment of a process in which light is applied
when the exposure voltage is not applied to the higher pixel
electrode, and FIG. 13 is a cross-sectional view illustrating an
exemplary embodiment of a process in which light is applied
when the exposure voltage is not applied.

[0103] Referring to FIG. 11, the first substrate 100 and the
second substrate 200 of FIG. 7 are formed, the liquid crystal
molecules 310 and the UV-curable particles 320 are disposed
between the first and the second substrates 100 and 200 to
form the liquid crystal layer 300.

[0104] Then, a common voltage is applied to the common
electrode 240, an identical exposure voltage is applied to the
lower and the higher pixel electrodes LP and HP, respectively,
and light, for example, UV light, is irradiated on the display
panel to cure a portion the UV-curable particles 320.

[0105] In an embodiment, the common voltage may be
about 0V, and the exposure voltage may be between about 2
V to about 8 V, specifically between about 3 V to about 7'V,
more specifically about 4 V. Also, an energy level of light
disposed on the display panel may be between about 1 J to
about 6 J, specifically between about 2 J to about 5 J, more
specifically about 3 J per unit area. As a result, the liquid
crystal molecules 320 may be pretilted at a selected angle 0
with respect to the perpendicular direction 10.

[0106] Referring to FIG. 12, after pretilting a portion of the
UV-curable particles 320, an exposure voltage is not applied
to the lower pixel electrode LP, an exposure voltage is applied
to the higher pixel electrode HP, and light is disposed on the
display panel to cure the remaining UV-curable particles that
have not been cured. In an embodiment, when an exposure
voltage of about 4 V is applied to the higher pixel electrode
HP, light having an energy of about 7 J per unit area may be
disposed on the display panel.

[0107] Thus, in an embodiment, an exposure voltage is
omitted on the lower pixel electrode LP and an exposure
voltage is included on the higher pixel electrode HP, therefore
liquid crystal molecules corresponding to the higher pixel
electrode HP may be pretilted at a greater angle, or the num-
ber of pretilted particles may be increased.

[0108] In an embodiment, molecules corresponding to the
lower pixel electrode LP, among the liquid crystal molecules
320, may be pretilted at a first angle 01 with respect to the
perpendicular direction 10, and molecules corresponding to
the higher pixel electrode HP, among the liquid crystal mol-
ecules 320, may be pretilted at a second angle 62, wherein the
second angle 02 is greater than the first angle 01 with respect
to the perpendicular direction
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[0109] As a result, referring to FIGS. 11 and 12, while the
exposure voltage is applied to the higher pixel electrode HP
for a longer time than the lower pixel electrode LP, light may
be disposed on the display panel. Thus, the energy levels of
light applied to portions of the display panel corresponding to
the lower and the higher pixel electrodes may be substantially
identical to each other, or the energy levels of light applied to
the portions of the display panel corresponding to the lower
and the higher pixel electrodes may be different from each
other.

[0110] Referring to FIG. 13, after performing an electric
field exposure to the higher pixel electrode HP for a long time,
while the exposure voltage is not applied between the pixel
electrode 140 and the common electrode 240, light is irradi-
ated on the display panel to cure the remaining particles
among the UV-curable particles 320 that have not been cured.
Thus, all of the remaining particles are cured without electric
field exposure. In an embodiment, the energy levels of light
applied without electric field exposure may be between about
20 I to about 50 J, specifically between about 25 J to about 40
J, more specifically about 30 J per unit area.

[0111] According to this embodiment, the display panel
may be formed of using at least one method among a first
method in which exposure voltages different from each other
are applied to each of the lower and the higher pixel elec-
trodes, a second method in which an identical exposure volt-
age is applied to each of the lower and the higher pixel
electrodes for a time different from each other, a third method
in which light having energy levels different from each other
are applied to each of the lower and the higher pixel elec-
trodes, and a fourth method in which light having identical
energy levels are applied to each of the lower and the higher
pixel electrodes for different amounts of time. In addition, the
display panel may be formed using a combination of any of
the foregoing methods.

[0112] Accordingly, UV-curable particles are cured to
pretilt liquid crystal molecules at different angles from each
other with respect to the lower and higher pixel electrodes
using at least one of the disclosed methods so that the viewing
properties of a display panel may be improved.

[0113] The foregoing is illustrative and is not to be con-
strued as limiting the disclosed embodiments. Although a few
exemplary embodiments have been described, those skilled
in the art will readily appreciate that many modifications are
possible without materially departing from the novel teach-
ings and advantages disclosed herein. Accordingly, all such
modifications are intended to be included within the scope of
the invention as defined in the claims. In the claims, means-
plus-function clauses are intended to cover the structures
described herein as performing the recited function and not
only structural equivalents but also equivalent structures.
Therefore, it is to be understood that the foregoing is illustra-
tive and is not to be construed as limited to the specific
exemplary embodiments disclosed, and that modifications to
the disclosed exemplary embodiments, as well as other exem-
plary embodiments, are intended to be included within the
scope of the appended claims. The invention is defined by the
following claims, with equivalents of the claims to be
included therein.

What is claimed is:
1. A method of manufacturing a display panel, the method
comprising:
forming a display panel comprising a first substrate, the
first substrate including a pixel electrode disposed
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thereon, a second substrate having a common electrode
disposed thereon, and a liquid crystal layer interposed
between the first and the second substrates, the liquid
crystal layer comprising a plurality of liquid crystal mol-
ecules and a plurality of ultraviolet-curable particles;
and

curing a portion of the ultraviolet-curable particles by dis-
posing light on the display panel, wherein an exposure
voltage, which is greater than a maximum data voltage
which corresponds to a maximum grayscale data of the
display panel, is applied between the pixel electrode and
the common electrode.

2. The method of claim 1, wherein the exposure voltage is

between about 7 volts to about 20 volts.

3. The method of claim 1, further comprising:

curing the remaining ultraviolet-curable particles, which
were not cured by irradiating light on the display panel,
wherein the exposure voltage is not applied during the
curing of the remaining ultraviolet-curable particles.

4. The method of claim 1, the pixel electrode comprising:

a lower pixel electrode, which receives a first data voltage;
and

a higher pixel electrode, which receives a second data
voltage, wherein the second data voltage is greater than
the first data voltage.

5. The method of claim 4, wherein the curing of the portion

of the ultraviolet-curable particles further comprises:
applying a first exposure voltage to the lower pixel elec-
trode, wherein the first exposure voltage is greater than
the maximum data voltage; and

applying a second exposure voltage to the higher pixel
electrode, wherein the second exposure voltage is
greater than the first exposure voltage.

6. The method of claim 4, wherein the curing of the portion

of the ultraviolet-curable particles further comprises:
applying light of a first energy level to the lower pixel
electrode; and

applying light of a second energy level to the higher pixel
electrode, wherein the second energy level is greater
than the first energy level.

7. The method of claim 1, wherein the light is ultraviolet

light.

8. The method of claim 1, wherein the content of the
ultraviolet-curable particles is less than or equal to about 0.2
weight percent with respect to the liquid crystal molecules.

9. The method of claim 1, wherein the pixel electrode
further comprises a plurality of slits.

10. A display panel comprising:

a first substrate comprising a pixel electrode, the pixel
electrode including a lower pixel electrode which
receives a first data voltage and a higher pixel electrode
which receives a second data voltage, wherein the sec-
ond data voltage is greater than the first data voltage;

a second substrate comprising a common electrode dis-
posed facing the first substrate; and

a liquid crystal layer interposed between the first and the
second substrates, the liquid crystal layer comprising a
plurality of liquid crystal molecules and a plurality of
ultraviolet-curable particles, the ultraviolet-curable par-
ticles pretilting the liquid crystal molecules correspond-
ing to the lower pixel electrode at a first pretilt angle, and
pretilting the liquid crystal molecules corresponding to
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the higher pixel electrode at a second pretilt angle,
wherein the first pretilt angle and the second pretilt angle
are different.

11. The display panel of claim 10, wherein the second
pretilt angle is greater than the first pretilt angle.

12. The display panel of claim 10, wherein the pixel elec-
trode further comprises a plurality of slits.

13. A method of manufacturing a display panel, the method
comprising:

forming a display panel comprising,

a first substrate comprising a pixel electrode, the pixel
electrode comprising a lower pixel electrode which
receives a first data voltage and a higher pixel elec-
trode which receives a second data voltage, wherein
the second data voltage is greater than the first data
voltage,

a second substrate comprising a common electrode dis-
posed thereon, and

a liquid crystal layer comprising a plurality of liquid
crystal molecules and a plurality of ultraviolet-cur-
able particles, the liquid crystal layer interposed
between the first and the second substrates; and

curing a portion of the ultraviolet-curable particles by irra-
diating light on the display panel to pretilt the liquid
crystal molecules corresponding to the lower pixel elec-
trode at a first pretilt angle and pretilting the liquid
crystal molecules corresponding to the higher pixel elec-
trode at a second pretilt angle, wherein the first pretilt
angle and the second pretilt angle are different, and
wherein an exposure voltage is applied between the
pixel electrode and the common electrode during the
curing.

14. The method of claim 13, wherein the second pretilt

angle is greater than the first pretilt angle.
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15. The method of claim 14, wherein the curing of the
portion of the ultraviolet-curable particles further comprises:
applying a first exposure voltage to the lower pixel elec-
trode and applying a second exposure voltage to the
higher pixel electrode, wherein the second exposure
voltage is greater that the first exposure voltage.
16. The method of claim 14, wherein the curing of the
portion of the ultraviolet-curable particles further comprises:
applying the exposure voltage to the lower pixel electrode
for a first time, and applying the exposure voltage to the
higher pixel electrode for a second time, wherein the
second time is longer than the first time.
17. The method of claim 14, wherein the curing of the
portion of the ultraviolet-curable particles further comprises:
applying light of a first energy level to the lower pixel
electrode; and
applying light of a second energy level to the higher pixel
electrode, wherein the second energy level is greater
than the first energy level.
18. The method of claim 14, wherein the curing of the
portion of the ultraviolet-curable particles further comprises:
applying the light to the lower pixel electrode for a first
time; and
applying the light to the higher pixel electrode for a second
time, wherein the second time is longer than the first
time.
19. The method of claim 13, further comprising:
curing the remaining ultraviolet-curable particles, which
were not cured by irradiating light on the display panel,
wherein the exposure voltage is not applied during the
curing of the remaining ultraviolet-curable particles.
20. The method of claim 13, wherein the pixel electrode
comprises a plurality of slits patterns.
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