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(57) ABSTRACT

A display panel includes an array substrate comprising a first
substrate, a first electrode disposed on the first substrate, and
a second electrode disposed on the first electrode, the second
electrode insulated from the first electrode and having a slit
pattern, an opposite substrate facing the array substrate and
comprising a second substrate, and a third electrode disposed
on the second substrate, a voltage applied to the third elec-
trode being different from a voltage applied to the second
electrode, and a liquid crystal layer disposed between the
array substrate and the opposite substrate, and including reac-
tive monomer.
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FIG. 4
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DISPLAY PANEL AND DISPLAY APPARATUS
HAVING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2012-0112961, filed on Oct. 11, 2012
under35U.S.C. §119, the disclosure of which is incorporated
by reference herein in its entirety.

TECHNICAL FIELD

[0002] Example embodiments of the invention relate to a
display panel and a display apparatus having the display
panel.

DISCUSSION OF THE RELATED ART

[0003] Liquidcrystal display (LCD) panels include vertical
electric field types, horizontal electric field types, and hybrid
types.

[0004] Hybrid-type display panels have various alignment

directions of liquid crystal molecules. Accordingly, the
hybrid-type display panels include a phase-difference com-
pensating film designed to have a different structure from that
of other types of LCD panels. The conventional hybrid-type
display panels have a relatively low response speed.

SUMMARY

[0005] According to an exemplary embodiment of the
invention, a display panel includes an array substrate com-
prising a first substrate, a first electrode disposed on the first
substrate, and a second electrode disposed on the first elec-
trode, the second electrode insulated from the first electrode
and having a slit pattern, an opposite substrate facing the array
substrate and comprising a second substrate, and a third elec-
trode disposed on the second substrate, a voltage applied to
the third electrode being different from a voltage applied to
the second electrode, and a liquid crystal layer disposed
between the array substrate and the opposite substrate, and
including a reactive monomer.

[0006] In an exemplary embodiment of the present inven-
tion, a reference voltage may be applied to the third electrode.
A voltage alternating with respect to the reference voltage
may be applied to the second electrode.

[0007] In an exemplary embodiment of the present inven-
tion, the display panel may further include lower alignment
layer disposed under the liquid crystal layer. The lower align-
ment layer may align liquid crystal directors in a lower por-
tion of the liquid crystal layer along a horizontal direction of
the display panel.

[0008] In an exemplary embodiment of the present inven-
tion, the lower alignment layer may have a rubbing axis
inclined at 45 degrees with respect to a longitudinal direction
of the slit pattern of the second electrode

[0009] In an exemplary embodiment of the present inven-
tion, the display panel may further include an upper align-
ment layer disposed on the liquid crystal. The upper align-
ment layer may align liquid crystal directors in an upper
portion of the liquid crystal layer along a vertical direction of
the display panel.

[0010] In an exemplary embodiment of the present inven-
tion, the voltage may alternate in a range of about +5 volts to
about -3 volts with respect to the reference voltage.

[0011] In an exemplary embodiment of the present inven-
tion, the display panel may further include a phase-difference
compensating film disposed on the opposite substrate, and
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compensating for a retardation (d*n; d means cell gap, n
means refractive index) of the liquid crystal layer.

[0012] In an exemplary embodiment of the present inven-
tion, a retardation of the phase-difference compensating film
may be about 0.01 um to about 0.8 um.

[0013] In an exemplary embodiment of the present inven-
tion, the reactive monomer may include an acrylic photore-
active monomer.

[0014] In an exemplary embodiment of the present inven-
tion, concentration of the reactive monomer in the liquid
crystal layer may be about 0.2 wt % to about 20 wt %.
[0015] According to an exemplary embodiment of the
invention, a display apparatus includes a display panel dis-
playing the image, a backlight assembly disposed under the
display panel to supply light to the display panel, and a
receiving container receiving the display panel and the back-
light assembly. The display panel includes an array substrate
comprising a first substrate, a first electrode disposed on the
first substrate, and a second electrode disposed on the first
electrode, the second electrode insulated from the first elec-
trode and having aslit pattern, an opposite substrate facing the
array substrate and comprising a second substrate, and a third
electrode disposed on the second substrate, a voltage applied
to the third electrode being different from a voltage applied to
the second electrode, and a liquid crystal layer disposed
between the array substrate and the opposite substrate, and
including a reactive monomer.

[0016] In an exemplary embodiment of the present inven-
tion, a reference voltage may be applied to the third electrode.
A voltage alternating with respect to the reference voltage
may be applied to the second electrode.

[0017] In an exemplary embodiment of the present inven-
tion, the display panel may further include lower alignment
layer disposed under the liquid crystal layer. The lower align-
ment layer may align liquid crystal directors in a lower por-
tion of the liquid crystal layer along a horizontal direction of
the display panel.

[0018] In an exemplary embodiment of the present inven-
tion, the lower alignment layer may have a rubbing axis
inclined at 45 degrees with respect to a longitudinal direction
of the slit pattern of the second electrode

[0019] In an exemplary embodiment of the present inven-
tion, the display panel may further include an upper align-
ment layer disposed on the liquid crystal. The upper align-
ment layer may align liquid crystal directors in an upper
portion of the liquid crystal layer along a vertical direction of
the display panel.

[0020] In an exemplary embodiment of the present inven-
tion, the voltage may alternate in a range of about +5 volts to
about -5 volts with respect to the reference voltage.

[0021] In an exemplary embodiment of the present inven-
tion, the display apparatus may further include a phase-dif-
ference compensating film disposed on the opposite sub-
strate, and compensating for a retardation (d*n; d means a cell
gap, and n means a refractive index) of the liquid crystal layer.
[0022] In an exemplary embodiment of the present inven-
tion, a retardation of the phase-difference compensating film
may be about 0.01 um to about 0.8 pum.

[0023] In an exemplary embodiment of the present inven-
tion, the reactive monomer may include an acrylic photore-
active monomer.

[0024] In an exemplary embodiment of the present inven-
tion, a concentration of the reactive monomer in the liquid
crystal layer may be about 0.2 wt % to about 20 wt %.
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[0025] According to an embodiment of the present inven-
tion, there is provided a display panel including a first sub-
strate having a first electrode, a second substrate opposite to
the first substrate, the second substrate having a second elec-
trode, a third electrode, and a switching element connected to
the third electrode, and a liquid crystal layer between the first
substrate and the second substrate, wherein the first electrode
is applied with a constant voltage, and the second electrode is
applied with an alternating voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and other features of the invention will
become more apparent by describing in detail example
embodiments thereof with reference to the accompanying
drawings, in which:

[0027] FIG.1isacross-sectional view illustrating a display
panel according to an exemplary embodiment of the inven-
tion;

[0028] FIG. 2 is a plan view illustrating the second elec-
trode of FIG. 1 corresponding to a pixel area to describe a
rubbing-angle of the alignment layer of FIG. 1;

[0029] FIG. 3 is a graph illustrating maximum transmit-
tance versus retardation (d*n) for rubbing-angles;

[0030] FIG.4isa graphillustrating voltage versus cell gap;
[0031] FIG. 5A to SD are graphs illustrating voltages
applied to third, second and first electrodes and an effective
voltage;

[0032] FIG. 6 is a graph illustrating transmittance versus
voltage difference between a second electrode and a first
second electrode of the display panel of FIG. 1 for rubbing-
angles and voltage differences between a third electrode and
the second electrode;

[0033] FIG. 7 is a graph illustrating maximum transmit-
tance versus voltage difference between the third electrode
and the second electrode of the display panel of FIG. 1 for
rubbing-angles;

[0034] FIG.8isacross-sectional view illustrating a display
panel according to an exemplary embodiment of the inven-
tion;

[0035] FIG. 9 is a graph illustrating the retardation of a
phase-difference compensating film transmittance versus
voltage difference between the third electrode and the second
electrode of the display panel of FIG. 1:

[0036] FIG. 10 is a cross-sectional view illustrating a dis-
play panel according to an exemplary embodiment of the
invention; and

[0037] FIG. 11 is an exploded perspective view illustrating
adisplay panel according to an exemplary embodiment of the
invention.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0038] Hereinafter, embodiments of the invention will be
described in detail with reference to the accompanying draw-
ings. The same reference denotations may be used to refer to
the same or substantially the same elements throughout the
specification and the drawings.

[0039] The present invention may, however, be embodied
in many different forms and should not be construed as being
limited to the embodiments set forth herein. Like reference
numerals may denote like or similar elements throughout the
specification and the drawings.
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[0040] It will be understood that when an element is
referred to as being “on,” “connected to” or “coupled to”
another element, it can be directly on, connected to or coupled
to the other element or intervening elements may be present.
[0041] As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0042] FIG. 1isacross-sectional view illustrating a display
panel according to an exemplary embodiment of the inven-
tion.

[0043] Referring to FIG. 1, the display panel includes an
array substrate, an opposite substrate, and a liquid crystal
layer 290 disposed between the array substrate and the oppo-
site substrate. The array substrate includes a first substrate
100, a gate electrode GE, a first insulation layer 110, an active
layer ACT, a data electrode DE, a source electrode SE, a
second insulation layer 120, a first electrode EL1, a third
insulation layer 130, a second electrode EL2, and a lower
alignment layer AL1. The opposite substrate includes a sec-
ond substrate 200, a black matrix BM, a color filter CF, a third
electrode EL3, and an upper alignment layer AL2. The first
electrode EL1 may be, e.g., a pixel electrode, and the second
electrode EL2 may be, e.g., a common electrode.

[0044] The first substrate 100 may be a transparent insula-
tion substrate made of, e.g., glass and/or plastic. The first
substrate 100 is divided into a plurality of pixel areas.
Although only one pixel area is described in the figures, the
display panel according to an exemplary embodiment may
include a large number of pixel units respectively formed in
pixel areas. The pixel areas are typically arrayed, for example,
in a matrix structure having a plurality of rows and columns.
The pixel areas have the same or substantially the same struc-
ture, and one pixel area is described herein as an example.
However, the embodiments of the present invention are not
limited thereto, and according to an embodiment of the
present invention, a color filter portion may have a different
color, and a pixel area may have a different size or shape.
Although the pixel area has a rectangular shape in the figures,
the pixel area may have various modifications in size and/or
shape and/or number of field altering slits or other fine fea-
tures included therein. For example, the pixel areas may have
V or Z shapes.

[0045] The gate electrode GE is disposed on the first sub-
strate 100, and electrically connected to a gate line. The gate
electrode GE may includes may include copper (Cu) and
copper oxide (CuOx). The gate electrode GE may include
gallium doped zinc oxide (GZO), indium doped zinc oxide
(GZ0) and/or manganese-copper alloy (CuMn).

[0046] The first insulation layer 110 is disposed on the gate
electrode GE and electrically insulates the gate electrode GE
from other elements. The first insulation layer 110 may
include silicon oxide (SiOx) and silicon nitride (SiNXx).
[0047] The active layer ACT is disposed on the first insu-
lation layer 110. The active layer ACT overlaps the gate
electrode GE.

[0048] The active layer ACT may include a semiconductor
layer including amorphous silicon (a-Si:H) and an ohmic
contact layer including n+ amorphous silicon (n+ a-Si:H).
The active layer ACT may include an oxide semiconductor.
The oxide semiconductor may include an amorphous oxide
including at least one of indium (In), zinc (Zn), gallium (Ga),
tin (Sn) and hafnium (Hf). For example, the oxide semicon-
ductor may include an amorphous oxide including indium
(In), zinc (Zn) and gallium (Ga), or an amorphous oxide
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including indium (In), zinc (Zn) and hafnium (Hf). The oxide
semiconductor may include an oxide, such as indium zinc
oxide (InZnQ), indium gallium oxide (InGaO), indium tin
oxide (InSnO), zinc tin oxide (ZnSnO), gallium tin oxide
(GaSn0O) and gallium zinc oxide (GaZnQ). For example, the
active layer ACT may include indium gallium zinc oxide
(IGZ0).

[0049] The source electrode SE is disposed on the active
layer ACT, and electrically connected to a data line that
crosses the gate line. The source electrode SE partially over-
laps the gate electrode GE. The source electrode SE may
include copper (Cu) and copper oxide (CuOx). The source
electrode SE may include gallium doped zinc oxide (GZO),
indium doped zinc oxide (GZO) and/or manganese-copper
alloy (CuMn).

[0050] The drain electrode DE is disposed on the active
layer ACT. The drain electrode DE partially overlaps the gate
electrode GE, and is spaced apart from the source electrode
SE. The drain electrode DE may include copper (Cu) and
copper oxide (CuOx). The drain electrode DE may include
gallium doped zinc oxide (GZ0O), indium doped zinc oxide
(GZ0) and/or manganese-copper alloy (CuMn). Boundaries
of the active layer ACT may coincide with boundaries of the
source electrode SE and the drain electrode DE. The active
layer ACT, the drain electrode DE, the gate electrode GE and
the source electrode SE and the source electrode SE form a
thin film transistor.

[0051] The second insulation layer 120 is disposed on the
first insulation layer 110 on which the source electrode SE
and the drain electrode DE are disposed. The second insula-
tion layer 120 electrically insulates the source electrode SE,
the active layer ACT and the drain electrode DE from other
elements. The second insulation layer 120 may include sili-
con oxide (SiOx) and silicon nitride (SiNx).

[0052] The first electrode EL1 is disposed on the second
insulation layer 120, and corresponds to a pixel area where an
image is displayed. The first electrode EL1 is electrically
connected to the drain electrode DE through a contact hole
which is formed on the second insulation layer 120 and which
partially exposes the drain electrode DE. The first electrode
EL1 may include a transparent conductive material, such as
indium tin oxide (ITO), or indium zinc oxide (1Z0). The first
electrode EL1 may include titanium (T1) and/or molybdenum
titanium (MoTi).

[0053] Thethird insulation layer 130 is disposed on the first
electrode EL1. The third insulation layer 130 electrically
insulates the first electrode EL1 from other elements. The
third insulation layer 130 may include silicon oxide (Si0Ox)
and silicon nitride (SiNx).

[0054] The second electrode EL2 is disposed on the third
insulation layer 130, and corresponds to the pixel area. The
second electrode EL2 has a slit pattern. Although the slit
pattern extends along vertical direction of the pixel area in the
figures, the slit pattern may have various modifications in size
and/or shape and/or number of field altering slits or other fine
features included therein. For example the slit pattern may
have V or Z shapes.

[0055] Thesecond electrode EL2 may include a transparent
conductive material, such as indium tin oxide (ITO), or
indium zinc oxide (IZO). The second electrode EL.2 may
include titanium (Ti) and/or molybdenum titanium (MoTi).
[0056] The first alignment layer AL1 is disposed on the
second electrode EL2 and the third insulation layer 130.
Liquid crystal directors 292 disposed in a lower portion of the
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liquid crystal layer 290 may be aligned in a horizontal direc-
tion by the first alignment layer AL1. For example, the first
alignment layer AL1 may be rubbed to align liquid crystal
molecules included in the lower portion of the liquid crystal
layer 290 along the horizontal direction. The second substrate
200 may be a transparent insulation substrate made of] e.g,,
glass and/or plastic.

[0057] The black matrix BM is disposed under the second
substrate 200. The black matrix BM corresponds to an area
except for the pixel area, and blocks light. The black matrix
BM overlaps the thin film transistor, the data line and the gate
line. Although the black matrix BM overlaps the thin film
transistor, the data line and the gate line in the present exem-
plary embodiment, the black matrix BM may be disposed in
any area where light should be blocked.

[0058] The color filter CF is disposed under the black
matrix BM and the second substrate 200. Light passing
through the color filter CF from the liquid crystal layer 290
has a color. The color filter CF may include a red color filter,
a green color filter or blue color filter. The color filter CF
corresponds to a pixel area. Color filters adjacent to each other
may have different colors, respectively. The color filter CF
may overlap an adjacent color filter CF at a boundary of the
pixel area, or the color filter CF may be spaced apart from the
adjacent color filter CF at the boundary of the pixel area.
[0059] The third electrode EL3 is disposed under the color
filter CF. The third electrode EL3 may include a transparent
conductive material, such as indium tin oxide (ITO), or
indium zinc oxide (IZO). The third electrode EL3 may
include titanium (Ti) and/or molybdenum titanium (MoT1).
[0060] The second alignment layer AL2 is disposed under
the third electrode EL3. Liquid crystal directors 292 disposed
in an upper portion of the liquid crystal layer 290 may be
aligned in a vertical direction by the second alignment layer
AL2. For example, the second alignment layer AL2 need not
have a rubbing axis to align liquid crystal molecules included
in the upper portion of the liquid crystal layer 290 in the
vertical direction.

[0061] The liquid crystal layer 290 is disposed between the
array substrate and the opposite substrate. The liquid crystal
layer 290 includes liquid crystal molecules having optical
anisotropy. The liquid crystal molecules are driven by an
electric field, and an image is displayed by passing or block-
ing light through the liquid crystal layer 290.

[0062] The liquid crystal directors 292 represent directions
of the liquid crystal molecules. According to the rubbing axis
of the first and second alignment layers AL1 and AL2 con-
tacting the liquid crystal layer 290, directions of the liquid
crystal directors 292 adjacent to the first and second align-
ment layers AL1 and AL2 may be determined.

[0063] The liquid crystal directors 292 in the lower portion
of the liquid crystal layer 290 are substantially parallel with
the first and second substrates 100 and 200. The liquid crystal
directors 292 in the upper portion of the liquid crystal layer
290 are substantially perpendicular to the first and second
substrates 100 and 200.

[0064] FIG. 2 is a plan view illustrating a second electrode
of FIG. 1 corresponding to a pixel area to describe a rubbing-
angle of an alignment layer of FIG. 1.

[0065] Referring to FIG. 2, a first alignment layer (e.g., the
first alignment layer AL1 of FIG. 1) is rubbed while inclined
with respect to a horizontal axis of a pixel area. A slit pattern
of the second electrode FL.2 extends along a vertical axis of
the pixel area in an exemplary embodiment of the present
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invention, and a rubbing direction is thus inclined by a rub-
bing-angle with respect to a direction which is perpendicular
to an extending direction of the slit pattern. Thus, the rubbing
direction has the rubbing-angle with respect to the horizontal
axis of the pixel area. The rubbing-angle may be adjusted
according to an absolute value of'a dielectric anisotropy of the
liquid crystal to optimize a transmittance.

[0066] FIG. 3 is a graph illustrating maximum transmit-
tance versus retardation (d*n) for rubbing-angles.

[0067] Referring to FIG. 3, an x-axis represents retarda-
tions (d*n, where d means a cell gap, and n means a refractive
index), and a y-axis represents maximum transmittances. The
cell gap d is a thickness of a liquid crystal layer (e.g., the
liquid crystal layer 290 of FIG. 1), and the refractive index n
is a refractive index of the liquid crystal layer. When a rub-
bing-angle (e.g., the rubbing-angle described above in con-
nection with FIG. 2) of a first alignment layer (e.g., the first
alignment layer AL1 of FIG. 1) according to an exemplary
embodiment is 83 degrees and the liquid crystal layer
includes positive liquid crystal (+L.C), and when the rubbing-
angle is 45 degrees and liquid crystal layer includes positive
liquid crystal, the maximum transmittance versus the retar-
dation (d*n) graph is illustrated in FIG. 3.

[0068] In addition, when the rubbing-angle is 7 degrees,
and negative liquid crystal is used in a conventional PLS
mode display panel, and when the rubbing-angle is 45
degrees, and negative liquid crystal is used in a conventional
PLS mode display panel, the maximum transmittance versus
the retardation (d*n) graph is illustrated in FIG. 3.

[0069] In an exemplary embodiment of the present inven-
tion, the positive liquid crystal has a dielectric constant A€ of
about +10. The negative liquid crystal has a dielectric con-
stant A€ of about -4.

[0070] As illustrated in FIG. 3, when the display panel is in
the conventional PLS mode, the maximum transmittance is
increased and then decreased as the retardation (d*n) is
increased. However, in the display panel according to the
present exemplary embodiment, e.g., when the rubbing-angle
is 45 degree, the degree at which the maximum transmittance
is increased and then decreased as the retardation is increased
may be relatively reduced.

[0071] FIG. 4isa graph illustrating voltage versus cell gap.
[0072] Referring to FIG. 4, an x-axis represents cell gaps,
and a y-axis represents voltages for a maximum transmit-
tance. The cell gap means a thickness of a liquid crystal layer
(e.g., theliquid crystal layer 290 of FIG. 1). The transmittance
means a transmittance of a display panel. The voltage means
a voltage difference between a first electrode and a second
electrode (e.g., the first and second electrodes ELL1 and EL.2,
respectively, of FIG. 1). Thus, the y-axis shows the voltage
difference (Vmax) between a first electrode and a second
electrode when the display panel has a maximum transmit-
tance.

[0073] Inthe display panel according to the present exem-
plary embodiment, the voltage difference Vmax, when the
transmittance has a maximum value with respect to the cell
gap, 1s illustrated in F1G. 4.

[0074] In a display panel using a conventional PLS mode,
the voltage difference Vmax, when the transmittance has a
maximum value with respect to the cell gap, is also illustrated
in FIG. 4.

[0075] In the present exemplary embodiment and the con-
ventional PLS mode display panel, a dielectric constant A€ is
-4, and a rubbing-angle is 7 degrees.
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[0076] As illustrated in FIG. 4, the display panel according
to the present exemplary embodiment has a relatively low
driving voltage compared to the conventional PLS mode dis-
play panel.

[0077] Referring again to FIGS. 2 to 4, the display panel
according to the present exemplary embodiment has a slight
reduction in the maximum transmittance as the retardation
(d*n) is increased, e.g., when the rubbing angle is 45 degrees,
compared to the conventional PLS mode display panel. The
display panel according to the present exemplary embodi-
ment has a relatively low driving voltage compared to the
conventional PLS mode display panel.

[0078] FIG. 5A to 5D are graphs respectively illustrating
voltages applied to the third, second and first electrodes of
FIG. 1 and an effective voltage.

[0079] Referring to FIGS. 1 and 5A, a third voltage is
applied to the third electrode EL3. The third voltage is the
same as a reference voltage Vr. For example, each of the third
voltage and the reference voltage Vr is about 8 volts to about
9 volts.

[0080] Referring to FIGS. 1 and 5B. a second voltage alter-
nating with respect to the reference voltage Vr is applied to
the second electrode EL2. For example, the second voltage
alternates from about +5 volts to about -5 volts with respect
to the reference voltage Vr.

[0081] Referring to FIGS. 1 and 5C, a first voltage is
applied to the first electrode EL1 to drive liquid crystal mol-
ecules. For example, the first voltage may be in a range of
from about +8 volts or about +9 volts to about -8 volts or
about -9 volts with respect to the reference voltage Vr to drive
the liquid crystal molecules.

[0082] Referring to FIGS. 1 to 5D, the effective voltage is
applied to the liquid crystal molecules of the liquid crystal
layer 290 by the first to third voltages. The effective voltage
may be determined by a voltage difference between the sec-
ond electrode EL2 and the first electrode EL1.

[0083] FIG. 6 is a graph illustrating transmittance versus
voltage difference between a second electrode and a first
second electrode of the display panel of FIG. 1 for rubbing-
angles and voltage differences between a third electrode and
the second electrode.

[0084] Referring to FIGS. 1 and 6, a graph shows changes
in transmittance with respect to effective voltages which are
voltage differences between the third electrode EL3 and the
first electrode EL1, when a voltage difference AV between the
third electrode EL3 and the second electrode EL2 is 2 volts,
and the rubbing-angle (e.g., the rubbing-angle described
above in connection with FIG. 2) is 7 degrees (RUBBING-
ANGLE-7, AV=2).

[0085] A graph shows changes in the transmittance with
respect to the effective voltages which are voltage differences
between the third electrode EL3 and the first electrode EL1,
when the voltage difference AV between the third electrode
EL3 and the second electrode EL.2 is 7 volts, and the rubbing-
angle (e.g., the rubbing-angle described above in connection
with FIG. 2) is 7 degrees (RUBBING-ANGLE=7, AV=7).

[0086] A graph shows changes in the transmittance with
respect to the effective voltages which are voltage differences
between the third electrode EL3 and the first electrode EL1,
when the voltage difference AV between the third electrode
EL3 and the second electrode EL.2 is 2 volts, and the rubbing-
angle (e.g.. the rubbing-angle described above in connection
with FIG. 2) is 45 degrees (RUBBING-ANGLE=45, AV=2).
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[0087] A graph shows changes in the transmittance with
respect to the effective voltages which are voltage differences
between the third electrode EL.3 and the first electrode EL1
when the voltage difference AV between the third electrode
EL3 and the second electrode EL2 is 7 volts, and the rubbing-
angle (e.g., the rubbing-angle described above in connection
with FIG. 2) is 45 degrees (RUBBING-ANGLE-45, AV=7).
[0088] Constant voltages may be applied to the third elec-
trode EL3 and the second electrode EL2, respectively, and a
voltage to drive the liquid crystal molecules may be applied to
the first electrode EL1. When the rubbing-angle is 45 degrees,
adeviation between when the voltage difference AV is 2 volts
and when the voltage difference is 7 volts is small compared
to when the rubbing-angle is 7 degrees.

[0089] FIG. 7 is a graph illustrating maximum transmit-
tance versus voltage difference between the third electrode
and the second electrode of the display panel of FIG. 1 for
rubbing-angles.

[0090] Referringto FIGS.1 and 7, a graph shows maximum
transmittances with respect to the voltage differences
between the third electrode EL3 and the second electrode
EL2 when a rubbing-angle (e.g., the rubbing-angle described
above in connection with FIG. 2) is 7 degrees.

[0091] A graph shows maximum transmittances with
respect to the voltage differences between the third electrode
EL3 and the second electrode EL2 when a rubbing-angle
(e.g., the rubbing-angle described above in connection with
FIG. 2) is 45 degrees.

[0092] Inlightoftheresults of FIGS. 6 and 7, the maximum
transmittance reaches a maximum value when the voltage
difference is about 5 volts in a case where the rubbing-angle
is 45 degrees. When the voltage difference alternates from
about 2 volts to about 7 volts, a deviation between changes in
transmittance is relatively small.

[0093] Thus, the method of driving a display panel
described above in connection with FIG. 5 may be optimized
when the rubbing-angle is 45 degrees.

[0094] FIG.81isacross-sectional view illustrating a display
panel according to an exemplary embodiment of the inven-
tion.

[0095] Referring to FIG. 8, the display panel is the same or
substantially the same as the display panel of FIG. 1, except
that the display panel of FIG. 8 further includes a lower
polarizer 350, and an upper polarizer 460.

[0096] The display panel includes an array substrate, an
opposite substrate, and a liquid crystal layer 490 disposed
between the array substrate and the opposite substrate. The
array substrate includes a first substrate 300, a gate electrode
GE, a first insulation layer 310, an active layer ACT, a data
electrode DE, asource electrode SE, a second insulation layer
320, a first electrode EL1, a third insulation layer 330, a
second electrode EL2, and a lower alignment layer AL1. The
opposite substrate includes a second substrate 400, a black
matrix BM, a color filter CF, a third electrode EL3, and an
upper alignment layer AL2.

[0097] The first substrate 300 may be a transparent insula-
tion substrate made of, e.g., glass and/or plastic.

[0098] The gate electrode GE is disposed on the first sub-
strate 300, and electrically connected to a gate line. The gate
electrode GE may include copper (Cu) and copper oxide
(CuOx). The gate electrode GE may include gallium doped
zine oxide (GZ0), indium doped zinc oxide (GZO) and/or
manganese-copper alloy (CuMn).
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[0099] The first insulation layer 310 is disposed on the gate
electrode GE and electrically insulates the gate electrode GE
from other elements. The first insulation layer 310 may
include silicon oxide (SiOx) and silicon nitride (SiNx).
[0100] The active layer ACT is disposed on the first insu-
lation layer 310. The active layer ACT overlaps the gate
electrode GE.

[0101] The active layer ACT may include a semiconductor
layer including amorphous silicon (a-Si:H) and an ohmic
contact layer including n+ amorphous silicon (n+ a-Si:H).
The active layer ACT may include an oxide semiconductor.
The oxide semiconductor may include an amorphous oxide
including at least one of indium (In), zinc (Zn), gallium (Ga),
tin (Sn) and hathium (Hf). The oxide semiconductor may
include an amorphous oxide including indium (In), zinc (Zn)
and gallium (Ga), or an amorphous oxide including indium
(In), zinc (Zn) and hafnium (Hf). The oxide semiconductor
may include an oxide, such as indium zinc oxide (InZn0O),
indium gallium oxide (InGaO), indium tin oxide (InSnO),
zine tin oxide (ZnSnO), gallium tin oxide (GaSnO) and gal-
lium zinc oxide (GaZnO). For example, the active layer ACT
may include indium gallium zinc oxide (IGZO).

[0102] The source electrode SE is disposed on the active
layer ACT, and electrically connected to a data line that
crosses the gate line. The source electrode SE partially over-
laps the gate electrode GE. The source electrode SE may
include copper (Cu) and copper oxide (CuOx). The source
electrode SE may include gallium doped zinc oxide (GZ0),
indium doped zinc oxide (GZO) and/or manganese-copper
alloy (CuMn).

[0103] The drain electrode DE is disposed on the active
layer ACT. The drain electrode DE partially overlaps the gate
electrode GE, and is spaced apart from the source electrode
SE. The drain electrode DE may include copper (Cu) and
copper oxide (CuOx). The drain electrode DE may include
gallium doped zinc oxide (GZO), indium doped zinc oxide
(GZO) and/or manganese-copper alloy (CuMn). Boundaries
of the active layer ACT may coincide with boundaries of the
source electrode SE and the drain electrode DE. The active
layer ACT, the drain electrode DE, the gate electrode GE and
the source electrode SE and the source electrode SE form a
thin film transistor.

[0104] The second insulation layer 320 is disposed on the
first insulation layer 310 on which the source electrode SE
and the drain electrode DE are disposed. The second insula-
tion layer 320 electrically insulates the source electrode SE,
the active layer ACT and the drain electrode DE from other
elements. The second insulation layer 320 may include sili-
con oxide (SiOx) and silicon nitride (SiNx).

[0105] The first electrode EL1 is disposed on the second
insulation layer 320, and corresponds to a pixel area where an
image is displayed. The first electrode EL1 is electrically
connected to the drain electrode DE through a contact hole
which is formed on the second insulation layer 320 and which
partially exposes the drain electrode DE. The first electrode
EL1 may include a transparent conductive material, such as
indium tin oxide (ITO), or indium zinc oxide (1ZO). The first
electrode EL1 may include titanium (T1) and/or molybdenum
titanium (MoTji).

[0106] Thethird insulation layer 330 is disposed on the first
electrode EL1. The third insulation layer 330 electrically
insulates the first electrode EL1 from other elements. The
third insulation layer 330 may include silicon oxide (SiOx)
and silicon nitride (SiNx).
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[0107] The second electrode EL2 is disposed on the third
insulation layer 330, and corresponds to the pixel area. The
second electrode EL2 has a slit pattern.

[0108] Thesecondelectrode EL2 may include a transparent
conductive material, such as indium tin oxide (ITO), or
indium zinc oxide (IZ0). The second electrode FL.2 may
include titanium (Ti) and/or molybdenum titanium (MoTi).
[0109] The first alignment layer AL1 is disposed on the
second electrode EL2 and the third insulation layer 330.
Liquid crystal directors 492 disposed in a lower portion of the
liquid crystal layer 490 may be aligned in a horizontal direc-
tion by the first alignment layer AL1. For example, the first
alignment layer AL1 may be rubbed to align liquid crystal
molecules included in the lower portion of the liquid crystal
layer 490 along the horizontal direction.

[0110] The lower polarizer 350 is disposed under the first
substrate 300. A transmission axis of the lower polarizer 350
may be substantially parallel with the rubbing-angle (e.g., the
rubbing-angle described above in connection with FIG. 2).
The transmission axis of the lower polarizer 350 may be
substantially perpendicular to the rubbing-angle.

[0111] The second substrate 400 may be a transparent insu-
lation substrate made of; e.g., glass and/or plastic.

[0112] The black matrix BM is disposed under the second
substrate 400. The black matrix BM corresponds to an area
other than the pixel area, and blocks light. The black matrix
BM overlaps the thin film transistor, the data line and the gate
line.

[0113] The color filter CF is disposed under the black
matrix BM and the second substrate 400. Light passing
through the color filter CF from the liquid crystal layer 490
has a color. The color filter CF may include a red color filter,
a green color filter or a blue color filter. The color filter CF
corresponds to the pixel area. Color filters adjacent to each
other may have different colors, respectively. The color filter
CF may overlap an adjacent color filter CF at a boundary of
the pixel area, or the color filter CF may be spaced apart from
the adjacent color filter CF at the boundary of the pixel area.
[0114] The third electrode EL3 is disposed under the color
filter CF. The third electrode ELL3 may include a transparent
conductive material, such as indium tin oxide (ITO), or
indium zinc oxide (IZO). The third electrode EL3 may
include titanium (Ti) and/or molybdenum titanium (MoTi).
[0115] The second alignment layer AL2 is disposed under
the third electrode EL3. Liquid crystal directors 492 disposed
in an upper portion of the liquid crystal layer 490 may be
aligned along a vertical direction by the second alignment
layer AL2. For example, the second alignment layer AL2
need nothave a rubbing axis to align liquid crystal molecules
in the upper portion of the liquid crystal layer 490 along the
vertical direction.

[0116] The liquid crystal layer 490 is disposed between the
array substrate and the opposite substrate. The liquid crystal
layer 490 includes liquid crystal molecules having optical
anisotropy. The liquid crystal molecules are driven by an
electric field, and an image is displayed by passing or block-
ing light through the liquid crystal layer 490.

[0117] The liquid crystal directors 492 represent directions
of the liquid crystal molecules. According to the rubbing axis
of the first and second alignment layers AL1 and AL2 con-
tacting the liquid crystal layer 490, directions of the liquid
crystal directors 492 adjacent to the first and second align-
ment layers AL1 and AL2 may be determined.
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[0118] The liquid crystal directors 492 in the lower portion
of the liquid crystal layer 490 are substantially parallel with
the first and second substrates 300 and 400. The liquid crystal
directors 492 in the upper portion of the liquid crystal layer
490 are substantially perpendicular to the first and second
substrates 300 and 400.

[0119] The phase-difference compensating film 450 is dis-
posed on the second substrate 400. The phase-difference
compensating film 450 may have a retardation § (d=d*n; d
means cell gap, n means refractive index) to compensate for a
phase retardation of the liquid crystal layer.

[0120] The phase-difference compensating film 450
includes a plurality of discotic liquid crystal molecules
arranged in a predetermined form to compensate for the phase
retardation.

[0121] The upper polarizer 460 is disposed on the phase-
difference compensating film 450. A transmission axis of the
upper polarizer 460 is substantially perpendicular to a trans-
mission axis of the lower polarizer 350. Thus, the transmis-
sion axis of the upper polarizer 460 may be substantially
perpendicular to the rubbing-angle (e.g., the rubbing-angle
described above in connection with F1G. 2). The transmission
axis of the upper polarizer 460 may be substantially parallel
with to the rubbing-angle.

[0122] FIG. 9 is a graph illustrating the retardation of a
phase-difference compensating film transmittance versus
voltage difference between the third electrode and the second
electrode of the display panel of FIG. 1.

[0123] Referring to FIGS. 1 and 9, a retardation value of a
phase-difference compensating film decreases as a voltage
difference between the third electrode EL3 and the second
electrode EL2 increases.

[0124] The retardation value may be adjusted by adjusting
the voltage difference between the third electrode EL3 and
the second electrode EL2. Thus, a conventional phase-differ-
ence compensating film may be used in the display panel by
adjusting the voltage difference between the third electrode
EL3 and the second electrode EL2.

[0125] FIG. 10 is a cross-sectional view illustrating a dis-
play panel according to an exemplary embodiment of the
invention.

[0126] Referring to FIG. 10, the display panel is substan-
tially the same as the display panel of FIG. 1 except that a
liquid crystal layer 690 includes a reactive monomer (694).
[0127] The display panel includes an array substrate, an
opposite substrate, and a liquid crystal layer 690 disposed
between the array substrate and the opposite substrate. The
array substrate includes a first substrate 500, a gate electrode
GE, a first insulation layer 510, an active layer ACT, a data
electrode DE, a source electrode SE, a second insulation layer
520, a first electrode EL1, a third insulation layer 530, a
second electrode EL2, and a lower alignment layer AL1. The
opposite substrate includes a second substrate 600, a black
matrix BM, a color filter CF, a third electrode EL3, and an
upper alignment layer AT2.

[0128] The first substrate 500 may be a transparent insula-
tion substrate made of, e.g., glass and/or plastic.

[0129] The gate electrode GE is disposed on the first sub-
strate 500, and electrically connected to a gate line. The gate
electrode GE may includes may include copper (Cu) and
copper oxide (CuOx). The gate electrode GE may include
gallium doped zinc oxide (GZ0), indium doped zinc oxide
(GZ0) and/or manganese-copper alloy (CuMn).
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[0130] The first insulation layer 510 is disposed on the gate
electrode GE to electrically insulate the gate electrode GE
from other elements. The first insulation layer 510 may
include silicon oxide (SiOx) and silicon nitride (SiNx).
[0131] The active layer ACT is disposed on the first insu-
lation layer 510. The active layer ACT overlaps the gate
electrode GE.

[0132] The active layer ACT may include a semiconductor
layer including amorphous silicon (a-Si:H) and an ohmic
contact layer including n+ amorphous silicon (n+ a-Si:H).
The active layer ACT may include an oxide semiconductor.
The oxide semiconductor may include an amorphous oxide
including at least one of indium (In), zinc (Zn), gallium (Ga),
tin (Sn) and hafnium (Hf). The oxide semiconductor may
include an amorphous oxide including indium (In), zinc (Zn)
and gallium (Ga), or an amorphous oxide including indium
(In), zinc (Zn) and hafnium (Hf). The oxide semiconductor
may include an oxide, such as indium zinc oxide (InZnO),
indium gallium oxide (InGaO), indium tin oxide (InSnO),
zine tin oxide (ZnSnQ), gallium tin oxide (GaSnO) and gal-
lium zinc oxide (GaSnO). For example, the active layer ACT
may include indium gallium zinc oxide (IGZO).

[0133] The source electrode SE is disposed on the active
layer ACT, and electrically connected to a data line crossing
the gate line. The source electrode SE partially overlaps the
gate electrode GE. The source electrode SE may includes
may include copper (Cu) and copper oxide (CuOx). The
source electrode SE may include gallium doped zinc oxide
(GZ0), indium doped zinc oxide (GZO) and/or manganese-
copper alloy (CuMn).

[0134] The drain electrode DE is disposed on the active
layer ACT. The drain electrode DE partially overlaps the gate
electrode GE, and is spaced apart from the source electrode
SE. The drain electrode DE may include copper (Cu) and
copper oxide (CuOx). The drain electrode DE may include
gallium doped zinc oxide (GZO), indium doped zinc oxide
(GZO) and/or manganese-copper alloy (CuMn). Boundaries
of the active layer ACT may coincide with boundaries of the
source electrode SE and the drain electrode DE. The active
layer ACT, the drain electrode DE, the gate electrode GE, the
source electrode SE and the source electrode SE form a thin
film transistor.

[0135] The second insulation layer 520 is disposed on the
first insulation layer 510 on which the source electrode SE
and the drain electrode DE are disposed. The second insula-
tion layer 520 electrically insulates the source electrode SE,
the active layer ACT and the drain electrode DE from other
elements. The second insulation layer 520 may include sili-
con oxide (SiOx) and silicon nitride (SiNx).

[0136] The first electrode EL1 is disposed on the second
insulation layer 520, and corresponds to a pixel area where an
image is displayed. The first electrode EL1 is electrically
connected to the drain electrode DE through a contact hole
which is formed on the second insulation layer 520 and which
partially exposes the drain electrode DE. The first electrode
EL1 may include a transparent conductive material, such as
indium tin oxide (ITO), or indium zinc oxide (1ZO). The first
electrode EL1 may include titanium (T1) and/or molybdenum
titanium (MoTi).

[0137] Thethird insulation layer 530 is disposed on the first
electrode EL1. The third insulation layer 530 electrically
insulates the first electrode EL1 from other elements. The
third insulation layer 530 may include silicon oxide (8i0x)
and silicon nitride (SiNx).
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[0138] The second electrode EL2 is disposed on the third
insulation layer 530, and corresponds to the pixel area. The
second electrode EL2 has a slit pattern.

[0139] Thesecondelectrode EL2 may include a transparent
conductive material, such as indium tin oxide (ITO), or
indium zinc oxide (IZ0). The second electrode FL.2 may
include titanium (Ti) and/or molybdenum titanium (Mori).
[0140] The first alignment layer AL1 is disposed on the
second electrode EL2 and the third insulation layer 530.
Liquid crystal directors 692 disposed in a lower portion of the
liquid crystal layer 690 may be aligned in a horizontal direc-
tion by the first alignment layer AL1. For example, the first
alignment layer AL1 may be rubbed to align liquid crystal
molecules in the lower portion of the liquid crystal layer 690
along the horizontal direction.

[0141] Thesecond substrate 600 may be a transparent insu-
lation substrate made of, e.g., glass and/or plastic.

[0142] The black matrix BM is disposed under the second
substrate 600. The black matrix BM corresponds to an area
other than the pixel area, and blocks light. The black matrix
BM overlaps the thin film transistor, the data line and the gate
line.

[0143] The color filter CF is disposed under the black
matrix BM and the second substrate 600. Light passing
through the color filter CF from the liquid crystal layer 690
has a color. The color filter CF may include a red color filter,
a green color filter, or blue color filter. The color filter CF
corresponds to the pixel area. Color filters adjacent to each
other may have different colors, respectively. The color filter
CF may overlap an adjacent color filter CF at a boundary of
the pixel area, or the color filter CF may be spaced apart from
the adjacent color filter CF at the boundary of the pixel area.
[0144] The third electrode EL3 is disposed under the color
filter CF. The third electrode EL3 may include a transparent
conductive material, such as indium tin oxide (ITO), or
indium zinc oxide (IZO). The third electrode EL3 may
include titanium (Ti) and/or molybdenum titanium (MoTi).
[0145] The second alignment layer AL2 is disposed under
the third electrode EL3. The second alignment layer AL2.
Liquid crystal directors 692 disposed in an upper portion of
the liquid crystal layer 690 may be aligned in a vertical
direction by the second alignment layer AL2. For example,
the second alignment layer AL.2 need not have a rubbing axis
to align liquid crystal molecules in the upper portion of the
liquid crystal layer 690 along the vertical direction.

[0146] The liquid crystal layer 690 is disposed between the
array substrate and the opposite substrate. The liquid crystal
layer 690 includes liquid crystal molecules having optical
anisotropy. The liquid crystal molecules are driven by an
electric field, and an image is displayed by passing or block-
ing light through the liquid crystal layer 690.

[0147] The liquid crystal directors 692 represent directions
of theliquid crystal molecules. According to the rubbing axis
of the first and second alignment layers AL1 and A2 con-
tacting the liquid crystal layer 690, directions of the liquid
crystal director 692 adjacent to the first and second alignment
layers AL1 and AL2 may be determined.

[0148] The liquid crystal directors 692 in the lower portion
of the liquid crystal layer 690 are substantially parallel with
the first and second substrates 500 and 600. The liquid crystal
directors 692 in the upper portion of the liquid crystal layer
690 are substantially perpendicular to the first and second
substrates 500 and 600.
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[0149] The liquid crystal layer 690 includes a reactive
monomer 694. The reactive monomer 694 may be, e.g., an
acrylic photoreactive monomer. A content of the reactive
monomer 694 in the liquid crystal layer 690 may be about 0.2
wt % to about 20 wt %.

[0150] The reactive monomer 694 may be hardened by
photoreaction to thus form a polymer network. Thus, off-time
characteristics of the display panel may be improved. For
example, an off-time which is a time taken for liquid crystal
molecules to return to an original position after a voltage
applied to the liquid crystal molecules is removed, may be
reduced. When a voltage applied to the liquid crystal mol-
ecules is relatively high, on-time characteristics of the display
panel may be deteriorated due to the polymer network. For
example, when a relatively high voltage is applied to the
liquid crystal molecules, an on-time which is a time taken for
liquid crystal molecules to react to a voltage applied to the
liquid crystal molecules, may be increased by the polymer
network. However, the display panel according to an exem-
plary embodiment is driven at a relatively low voltage, and
thus, although the content of the reactive monomer 694 in the
liquid crystallayer 690 is about 0.2 wt % to about 20 wt %, the
off-time characteristics may be improved without deteriorat-
ing the on-time characteristics.

[0151] Thereactive monomer 694 may include two or more
or three or more polymerases.

[0152] FIG. 11 is an exploded perspective view illustrating
adisplay panel according to an exemplary embodiment of the
invention.

[0153] Referring to FIG. 11, the display apparatus includes
atop chassis 710, an upper polarizer 720, a phase-difference
compensating film 730, a display panel 740, a lower polarizer
750, a mold frame 760, an optical element 770, a backlight
assembly 780 and a bottom chassis 790.

[0154] The top chassis 710 and the bottom chassis 790
receive the upper polarizer 720, the phase-difference com-
pensating film 730, the display panel 740, the lower polarizer
750, the mold frame 760, the optical element 770, and the
backlight assembly 780.

[0155] The mold frame 760 receives the upper polarizer
720, the phase-difference compensating film 730, the display
panel 740, the lower polarizer 750, and the optical element
770.

[0156] The display panel 740 includes an array substrate
742, an opposite substrate 744, and a liquid crystal layer (not
shown) disposed between the array substrate 742 and the
opposite substrate 744. The display panel 740 is substantially
the same as the display panel shown in FIG. 1.

[0157] The phase-difference compensating film 730 is dis-
posed on the opposite substrate 744. The phase-difference
compensating film 730 may have a retardation 8 to compen-
sate for a phase retardation (d=d*n; d means cell gap, n means
refractive index) of the liquid crystal layer. The phase-differ-
ence compensating film 730 may include a plurality of dis-
cotic liquid crystal molecules arranged in a predetermined
form to compensate for the phase retardation.

[0158] The upper polarizer 720 is disposed on the phase-
difference compensating film 730. A transmission axis of the
upper polarizer 720 is substantially perpendicular to a trans-
mission axis of the lower polarizer 750. Thus, the transmis-
sion axis of the upper polarizer 720 may be substantially
perpendicular to a rubbing-angle (e.g., the rubbing-angle
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described above in connection with FIG. 2). The transmission
axis of the upper polarizer 460 may be substantially parallel
with to the rubbing-angle.

[0159] The lower polarizer 750 is disposed under the array
substrate 742. A transmission axis of the lower polarizer 750
may be substantially parallel with the rubbing-angle (e.g., the
rubbing-angle described above in connection with FIG. 2).
The transmission axis of the lower polarizer 750 may be
substantially perpendicular to the rubbing-angle.

[0160] The optical element 770 is disposed under the dis-
play panel 740. The optical element 770 equalizes the bright-
ness of light emitted from the backlight assembly 780. The
optical element 770 may include one or more optical sheets.
For example, the optical element 770 may include a protec-
tion sheet, a prism sheet, and a diffusion sheet. However, the
embodiments of the present invention are not limited thereto,
and the optical element 770 may include various types of
more sheets.

[0161] The backlight assembly 780 is disposed under the
optical element 770. The backlight assembly 780 generates
light and supplies the light to the display panel 740. The
backlight assembly 780 includes a light guiding plate 782 and
a light source part 784. The light source part 784 generates
light, and supplies the light to the light guiding plate 782. The
light guiding plate 782 is disposed adjacent to the light source
part 784, and directs the generated light toward the display
panel 740, e.g., to function as a surface light source.

[0162] According to the exemplary embodiments of the
present invention, the display panel includes the second elec-
trode and the third electrode. A voltage difference between
the second electrode and the third electrode may be adjusted
to make a conventional phase-difference compensating film
suitable for the display panel.

[0163] In addition, the rubbing-angle may be about 45
degrees, and thus, the response speed and transmittance of the
display panel may be increased.

[0164] In addition, the display panel may be driven at a
relative low voltage, and thus, off-time characteristic of the
display panel may be improved without deteriorating on-time
characteristics of the display panel even though the liquid
crystal layer of the display panel includes a reactive mono-
mer.

[0165] The foregoing is illustrative of the embodiments of
the invention and is not to be construed as limiting thereof.
Although a few exemplary embodiments of the invention
have been described, those skilled in the art will readily
appreciate that many modifications are possible in the exem-
plary embodiments of the invention. Accordingly, all such
modifications are intended to be included within the scope of
the embodiments of the invention as defined in the claims.

What is claimed is:
1. A display panel comprising:
an array substrate comprising,
a first substrate,
a first electrode disposed on the first substrate, and

a second electrode disposed on the first electrode, the
second electrode insulated from the first electrode and
having a slit pattern;

an opposite substrate facing the array substrate, the oppo-
site substrate comprising,
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a second substrate, and

a third electrode disposed on the second substrate,
wherein a voltage applied to the third electrode is
different from a voltage applied to the second elec-
trode; and

aliquid crystal layer disposed between the array substrate

and the opposite substrate, and comprising a reactive
monomet.

2. The display panel of claim 1, wherein a reference voltage
is applied to the third electrode, and a voltage alternating with
respect to the reference voltage is applied to the second elec-
trode.

3. The display panel of claim 2, further comprising a lower
alignment layer disposed under the liquid crystal layer,
wherein the lower alignment layer is configured to align
liquid crystal directors in a lower portion of the liquid crystal
layer along a horizontal direction of the display panel.

4. The display panel of claim 3, wherein the lower align-
ment layer has a rubbing axis inclined at 45 degrees with
respect to a longitudinal direction of the slit pattern of the
second electrode.

5. The display panel of claim 4, further comprising an
upper alignment layer disposed on the liquid crystal, wherein
the upper alignment layer is configured to align liquid crystal
directors in an upper portion of the liquid crystal layer along
a vertical direction of the display panel.

6. The display panel of claim 2, wherein the voltage alter-
nates in a range of about +5 volts to about -5 volts with
respect to the reference voltage.

7. The display panel of claim 1, further comprising a phase-
difference compensating film disposed on the opposite sub-
strate, wherein the phase-difference compensating film is
configured to compensate for a retardation (d*n) of the liquid
crystal layer, wherein d means a cell gap, and n means a
refractive index.

8. Thedisplay panel of claim 7, wherein a retardation of the
phase-difference compensating film is about 0.01 um to about
0.8 um.

9. The display panel of claim 1, wherein the reactive mono-
mer comprises an acrylic photoreactive monomer.

10. The display panel of claim 1, wherein a concentration
of the reactive monomer in the liquid crystal layer is about 0.2
wt % to about 20 wt %.

11. A display apparatus comprising:

a display panel configured to display an image;

abacklight assembly disposed under the display panel and

configured to supply light to the display panel; and

a receiving container receiving the display panel and the

backlight assembly, wherein the display panel compris-
ing:
an array substrate comprising,
a first substrate,
a first electrode disposed on the first substrate, and
a second electrode disposed on the first electrode, the
second electrode insulated from the first electrode
and having a slit pattern;
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an opposite substrate facing the array substrate, the
opposite substrate conprising,
a second substrate, and
a third electrode disposed on the second substrate,
wherein a voltage applied to the third electrode is
different from a voltage applied to the second elec-
trode; and
a liquid crystal layer disposed between the array sub-
strate and the opposite substrate and comprising a
reactive monomet.

12. The display apparatus of claim 11, wherein a reference
voltage is applied to the third electrode, and a voltage alter-
nating with respect to the reference voltage is applied to the
second electrode.

13. The display apparatus of claim 2, wherein the display
panel further comprising a lower alignment layer disposed
under the liquid crystal layer, wherein the lower alignment
layer is configured to align liquid crystal directors in a lower
portion of the liquid crystal layer along a horizontal direction
of the display panel.

14. The display apparatus of claim 13, wherein the lower
alignment layer has a rubbing axis inclined at 45 degrees with
respect to a longitudinal direction of the slit pattern of the
second electrode.

15. The display apparatus of claim 14, wherein the display
panel further comprising an upper alignment layer disposed
on the liquid crystal, wherein the upper alignment layer is
configured to align liquid crystal directors in an upper portion
of the liquid crystal layer along a vertical direction of the
display panel.

16. The display apparatus of claim 12, wherein the voltage
alternates in a range of about +5 volts to about -5 volts with
respect to the reference voltage.

17. The display apparatus of claim 11, further comprising
a phase-difference compensating film disposed on the oppo-
site substrate and configured to compensate for a retardation
(d*n) of the liquid crystal layer, wherein d means a cell gap,
and n means a refractive index.

18. The display apparatus of claim 17, wherein a retarda-
tion of the phase-difference compensating film is about 0.01
um to about 0.8 um.

19. The display apparatus of claim 11, wherein the reactive
monomer comprises an acrylic photoreactive monomer.

20. The display apparatus of claim 19, wherein a concen-
tration of the reactive monomer in the liquid crystal layer is
about 0.2 wt % to about 20 wt %.

21. A display panel comprising:

a first substrate having a first electrode;

asecond substrate opposite to the first substrate, the second

substrate having a second electrode, a third electrode,
and a switching element connected to the third elec-
trode; and

a liquid crystal layer between the first substrate and the

second substrate, wherein the first electrode is applied
with a constant voltage, and the second electrode is
applied with an alternating voltage.
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