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LIQUID CRYSTAL DISPLAY AND
EXPOSURE MASK FOR MANUFACTURING
THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2015-0089558 filed on Jun. 24, 2015,
and all the benefits accruing therefrom under 35 U.S.C.
§119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND

[0002] 1. Field

[0003] Exemplary embodiment of the invention relate to a
liquid crystal display (“LCD”) and an exposure mask for
manufacturing the LCD.

[0004] 2. Description of the Related Art

[0005] Liquid crystal displays (“LCD”s) are one of the
most widely used types of flat panel display. Generally, an
LCD includes electric field generating electrodes and a
liquid crystal layer interposed between these electrodes. The
LCD generates an electric field in the liquid crystal layer by
applying voltages to the electric field generating electrodes,
and the alignment direction of liquid crystal molecules of the
liquid crystal layer is thereby determined to control polar-
ization of incident light. As a result, an image is displayed
on the LCD. The transmittance of the LCD may increase as
the liquid crystal molecules of the liquid crystal layer are
controlled better.

[0006] The LCD typically includes a pixel electrode hav-
ing a predetermined pattern. The visibility, transmittance,
etc. of the LCD may be mainly determined by the design or
position of the pixel electrode.

SUMMARY

[0007] In a liquid crystal display (“LLCD”) where a pixel
electrode thereof has a predetermined pattern, there may be
an area in which the pattern of the pixel electrode is rapidly
changed. In such an area, it may be difficult to control the
liquid crystal molecules. Therefore, the pixel electrode is
desired to be designed in a way such that the control over the
liquid crystal molecules even in this area can be guaranteed.
[0008] Embodiments of the invention relate to an LCD
having improved control over liquid crystal molecules.
[0009] Embodiments of the invention relate to an exposure
mask for manufacturing an LCD having improved control
over liquid crystal molecules.

[0010] According to an exemplary embodiment of the
invention, a liquid crystal display includes a pixel electrode
disposed on the substrate. In such an embodiment, the pixel
electrode includes a plurality of micro-branches which are
separated from each other and extend side by side with each
other, where a micro-slit is defined between the micro-
branches, and a stem part which is connected to each of the
micro-branches, wherein an indentation pattern is defined by
a cutout portion cut into the stem part, and at least one of two
points connecting the indentation pattern and the micro-slit
is located on a slit boundary line at which the micro-slit and
the stem part meet each other.

[0011] In an exemplary embodiment, a maximum width of
the indentation pattern, which is a length of a straight line
connecting two points located farthest from each other from
among points located on an outer side of the indentation
pattern, may be smaller than a width of the micro-slit.

Dec. 29, 2016

[0012] In an exemplary embodiment, the indentation pat-
tern may include a first sub-indentation pattern and a second
sub-indentation pattern, where each of the first and second
sub-indentation patterns may be cut into the stem part or a
micro-branch.

[0013] In an exemplary embodiment, each of the first and
second sub-indentation patterns may have a substantially
parallelogrammatic shape.

[0014] In an exemplary embodiment, the first sub-inden-
tation pattern may extend parallel to the slit boundary line
and be cut into the stem part and the micro-branch, and the
second sub-indentation pattern may extend parallel to a
direction in which the micro-slit extends and be cut into the
stem part.

[0015] In an exemplary embodiment, the indentation pat-
tern may be semi-circular.

[0016] In an exemplary embodiment, the micro-slit may
has a first angle and a second angle which are two internal
angles thereof formed with respect to the stem part, wherein
the first angle may be an obtuse angle, the second angle may
be an acute angle, and the indentation pattern may be
disposed adjacent to a vertex at which the first angle is
formed.

[0017] In an exemplary embodiment, the pixel electrode
may include a plurality of domains, where a direction in
which the micro-branches and the micro-slit extend is dif-
ferent in each of the domains.

[0018] In an exemplary embodiment, a direction in which
the stem part extends and a direction in which the slit
boundary line extends may not be parallel to each other.
[0019] In an exemplary embodiment, an angle formed by
the direction in which the stem part extends and the direction
in which the slit boundary line extends may be greater than
about 10 degrees and smaller than about 15 degrees.
[0020] In an exemplary embodiment, the outer side of the
indentation pattern may include a single curve.

[0021] According to another exemplary embodiment of
the invention, an exposure mask includes a blocking area
which blocks incident light, a transmitting area which is
adjacent to the blocking area and transmits the incident light
therethrough. In such an embodiment, the transmitting area
includes a plurality of mask micro-branches which are
spaced apart from each other and extend side by side with
each other, a mask micro-slit between the mask micro-
branches, a mask stem part which is connected to each of the
mask micro-branches, and a mask indentation pattern cut
into the mask stem part, and at least one of two points
connecting the mask indentation pattern and the mask
micro-slit is located on a mask slit boundary line at which
the mask micro-slit and the mask stem part meet each other.
[0022] Inanexemplary embodiment, a maximum width of
the mask indentation pattern, which is a length of a straight
line connecting two points located farthest from each other
from among points located on an outer side of the mask
indentation pattern, may be smaller than a width of the mask
micro-slit.

[0023] Inanexemplary embodiment, the mask indentation
pattern may include a first sub-mask indentation pattern and
a second sub-mask indentation pattern, where each of the
first and second sub-mask indentation patterns may be cut
into the mask stem part or a mask micro-branch.

[0024] In an exemplary embodiment, each of the first and
second sub-mask indentation patterns may have a substan-
tially parallelogrammatic shape.
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[0025] In an exemplary embodiment, the first sub-mask
indentation pattern may extend parallel to the mask slit
boundary line and be cut into the mask stem part and the
mask micro-branch, and the second sub-mask indentation
pattern may extend parallel to a direction in which the mask
micro-slit extends and be cut into the mask stem part.
[0026] In an exemplary embodiment, the mask micro-slit
may have a first angle and a second angle which are two
internal angles thereof formed with respect to the mask stem
part, where the first angle may be an obtuse angle, the
second angle may be an acute angle, and the mask inden-
tation pattern may be disposed adjacent to a vertex at which
the first angle is formed.

[0027] In an exemplary embodiment, a direction in which
the mask micro-branches and the mask micro-slit extend
may be different in each of the domains.

[0028] In an exemplary embodiment, a direction in which
the mask stem part extends and a direction in which the
mask slit boundary line extends may not be parallel to each
other.

[0029] In an exemplary embodiment, an angle formed by
the direction in which the mask stem part extends and the
direction in which the mask slit boundary line extends may
be greater than about 10 degrees and smaller than about 15
degrees.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other features of the invention will
become more apparent by describing in detail exemplary
embodiments thereof with reference to the attached draw-
ings, in which:

[0031] FIG.11isablock diagram of a liquid crystal display
(“LCD”) according to an embodiment of the invention;
[0032] FIG. 2 is a schematic diagram illustrating the
structure of a pixel of FIG. 1,

[0033] FIG. 3 is a plan view of a pixel of the LCD
illustrated in FIG. 1;

[0034] FIG. 4 is a cross-sectional view taken along line I-I'
of FIG. 3;
[0035] FIG. 5 is a plan view of a sub-pixel electrode

according to an embodiment of the invention;
[0036] FIG. 6 is an enlarged plan view of a first domain of
the sub-pixel electrode of FIG. 5;

[0037] FIG. 7 is an enlarged plan view of an area ‘A’ of
FIG. 6;
[0038] FIG. 8 is an enlarged plan view of an area, which

corresponds to the area ‘A’ of FIG. 6, of a sub-pixel electrode
according to another embodiment of the invention;

[0039] FIG. 9 is an enlarged plan view of an area, which
corresponds to the area ‘A’ of FIG. 6, of a sub-pixel electrode
according to another embodiment of the invention;

[0040] FIG. 10 is a plan view of a sub-pixel electrode
according to a comparative embodiment;

[0041] FIG. 11 is a cross-sectional view of an LCD having
the sub-pixel electrode of FIG. 5, taken along line II-11";
[0042] FIG. 12 is a cross-sectional view of an LCD having
the sub-pixel electrode of FIG. 10, taken along line ITI-I1T";
[0043] FIG. 13 is an image showing the transmission of
light through the sub-pixel electrode of FIG. 5;

[0044] FIG. 14 is an image showing the transmission of
light through the sub-pixel electrode of FIG. 10;

[0045] FIG. 15 is a plan view of an exposure mask used to
manufacture sub-pixel electrodes according to an embodi-
ment of the invention;
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[0046] FIGS. 16 through 21 are cross-sectional views
taken along line IV-IV' of a pixel electrode of FIG. 3,
showing a method of manufacturing a pixel electrode
according to an embodiment of the invention;

[0047] FIG. 22 is a plan view schematically showing an
actually manufactured version of the sub-pixel electrode of
FIG. 6; and

[0048] FIG. 23 is an enlarged plan view of an area ‘B’ of
FIG. 22.

DETAILED DESCRIPTION
[0049] Advantages and features of the invention and meth-

ods of accomplishing the same may be understood more
readily by reference to the following detailed description of
preferred embodiments and the accompanying drawings.
The invention may, however, be embodied in many different
forms and should not be construed as being limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete and will fully convey the concept of the invention
to those skilled in the art, and the invention will only be
defined by the appended claims. Like reference numerals
refer to like elements throughout the specification.

[0050] The terminology used herein is for the purpose of
describing particular 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 otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups

thereof.

[0051] 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 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. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0052] It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, 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 the invention.

[0053] 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 relationship 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 device in use or operation in addition to
the orientation depicted in the figures. For example, if the
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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.

[0054] About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0055] Embodiments are described herein with reference
to cross-section illustrations that are schematic illustrations
of idealized embodiments (and intermediate structures). As
such, variations from the shapes of the illustrations as a
result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, these embodiments
should not be construed as limited to the particular shapes of
regions illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing. For
example, an implanted region illustrated as a rectangle 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. Likewise,
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 invention.

[0056] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which the invention belongs. It will be further undet-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that
is consistent with their meaning in the context of the relevant
art and this specification and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0057] Exemplary embodiments of the invention will
hereinafter be described with reference to the accompanying
drawings.

[0058] FIG.11is ablock diagram of a liquid crystal display
(“LCD”) 1000 according to an embodiment of the invention.

[0059] Referring to FIG. 1, an exemplary embodiment of
the LCD 1000 includes a gate driver 120, a data driver 110,
a signal controller 130, and a display area DA.

[0060] The display area DA includes a plurality of pixels
PX. The pixels PX may be arranged substantially in a matrix
form or pattern. The display area DA may include a plurality
of gate lines GL extending along a first wiring direction and
a plurality of data lines DL extending along a second wiring
direction intersecting the first wiring direction.

[0061] The gate lines GL receive gate signals from the
gate driver 120, and the data lines DL receive data signals
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from the data driver 110. Each of the pixels PX may be
disposed at an intersection of a gate line GL and a data line
DL.

[0062] Each pixel PX may display one of primary colors
to produce a desired color. In one exemplary embodiment,
for example, the primary colors may include red, green, and
blue. Herein, a pixel which displays red will be referred to
as a red pixel, a pixel which displays green will be referred
to as a green pixel, and a pixel which displays blue will be
referred to as a blue pixel. In such an embodiment, any color
other than red, green and blue may be displayed by com-
bining the red, green and blue pixels together and adjusting
the brightness of each of the red, green and blue pixels.
[0063] The red pixel, the green pixel and the blue pixel
may be alternately arranged along a column direction.
However, the arrangement direction of the red pixel, the
green pixel and the blue pixel is not limited to the column
direction, and alternatively, the red pixel, the green pixel and
the blue pixel may be alternately arranged along a row
direction. Alternatively, the three pixels may be placed at
locations respectively corresponding to three vertices of a
triangle. The red pixel, the green pixel and the blue pixel
may also be arranged in various other ways, and the arrange-
ment of the red pixel, the green pixel and the blue pixel is
not limited to the above arrangement structures.

[0064] The signal controller 130 receives various signals
from an external source and controls the gate driver 120 and
the data driver 110 using the received signals. In one
exemplary embodiment, for example, the signal controller
130 may receive from the external source first image data
DATT1 and input control signals for controlling the display of
the first image data DAT1. Then, the signal controller 130
may output a gate driver control sighal CONT1, a data driver
control signal CONT2, and second image data DAT2.
[0065] The first image data DAT1 may include luminance
information of each pixel PX of the display area DA. The
luminance information may have a predetermined number of
gray values corresponding to grayscale levels, such as 1024
(=210), 256 (=28), or 64 (=26) gray values, for example.
However, the invention is not limited thereto, and the
luminance information may also have a different number of
gray values from those described above. The input first
image data DAT1 may be divided into frames.

[0066] The input control signals input to the signal con-
troller 130 may include, for example, a vertical synchroni-
zation signal Vsync, a horizontal synchronization signal
Hsyne, a main clock Mclk, and a data enable signal DE.
However, the input control signals are not limited thereto,
and other types of signals may further be input to the signal
controller 130.

[0067] The gate driver control signal CONT1 may be
generated by the signal controller 130 to control the opera-
tion of the gate driver 120. The gate driver control signal
CONT1 may include a scan start signal and a clock signal.
However, the invention is not limited thereto, and the gate
driver control signal CONT1 may further include other
signals. The gate driver 120 may generate a plurality of gate
signals that may activate the pixels PX of the display area
DA, in response to the gate driver control signal CONT1 and
based on a gate-on voltage Von and a gate-off voltage Voff,
and transmit the generated gate signals to corresponding
ones of the gate lines GL.

[0068] The data driver control signal CONT2 may be
generated by the signal controller 130 to control the opera-
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tion of the data driver 110. The data driver 110 may generate
aplurality of data signals according to the data driver control
signal CONT2 and transmit the generated data signals to
corresponding ones of the data lines DL.

[0069] FIG. 2 is a schematic diagram illustrating the
structure of a pixel PX of FIG. 1.

[0070] Referring to FIG. 2, in an exemplary embodiment,
the pixel PX may include an upper substrate 220, a lower
substrate 210, and a liquid crystal layer LCL disposed in a
space between the upper substrate 220 and the lower sub-
strate 210. In such an embodiment, the pixel PX may include
a switching device Q connected to a gate line GL and a data
line DL, and the switching device Q may be connected to a
pixel electrode PE.

[0071] The pixel electrode PE may define a liquid crystal
capacitor Clc by interacting with a common electrode CE
disposed on the upper substrate 220. In such an embodiment,
the pixel electrode PE may include a storage capacitor Cst.
In some embodiments, the storage capacitor Cst may be
omitted.

[0072] The switching device Q may be a three-terminal
device, e.g., a thin-film transistor (“TFT”) included in the
lower substrate 210. The switching device Q may have a
control terminal connected to the gate line Gi, an input
terminal connected to the data line Dj, and an output
terminal connected to the liquid crystal capacitor Clc and the
storage capacitor Cst.

[0073] Two terminals of the liquid crystal capacitor Clc
may be defined by the pixel electrode PE of the lower
substrate 210 and the common electrode CE of the upper
substrate 220, respectively. The liquid crystal layer LCL
between the pixel electrode PE and the common electrode
CE may function as a dielectric. The pixel electrode PE may
be connected to the switching device Q, and the common
electrode CE may be disposed on and to cover the whole
surface of the upper substrate 220, and receive a common
voltage. The dispositions and structures of the common
electrode CE and the pixel electrode PE are not limited to
those illustrated in FIG. 2. Alternatively, the common elec-
trode CE may be provided on the lower substrate 210. In
such an embodiment, at least one of the pixel electrode PE
and the common electrode CE may include a pattern for
controlling the liquid crystal layer LCL. The pattern of the
pixel electrode PE and the common electrode CE will be
described in detail later.

[0074] The storage capacitor Cst, which plays an auxiliary
role of the liquid crystal capacitor Clc, may be defined by a
signal line (not illustrated) and the pixel electrode PE
disposed on the lower substrate 210, which overlap each
other with an insulator interposed therebetween. A prede-
termined voltage such as the common voltage may be
provided to the signal line (not illustrated). Alternatively, the
storage capacitor Cst may be defined by the pixel electrode
PE that overlaps a previous gate line Gi-1 disposed imme-
diately above the current gate line Gi using the insulator as
a medium.

[0075] As described above with reference to FIG. 1, each
pixel PX may display one of the primary colors to produce
a desired color. To produce a desired color, a color filter (not
illustrated) may be provided on at least one of the upper
substrate 220 and the lower substrate 210.

[0076] FIG. 3 is a plan view of a pixel PX of the LCD
1000 illustrated in FIG. 1. FIG. 4 is a cross-sectional view
taken along line I-I' of FIG. 3.
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[0077] Referring to FIGS. 3 and 4, an exemplary embodi-
ment of the LCD 1000 includes a lower panel and an upper
panel, which face each other, and a liquid crystal layer LCL
disposed between the lower and upper panels.

[0078] The lower panel may include a first insulating
substrate 210. The lower panel may include a gate line GL.
and a gate electrode GE connected to the gate line GL, which
are disposed on the first insulating substrate 210. The lower
panel may include a gate insulating layer 230 disposed on
the gate line GL and the gate electrode GE.

[0079] The lower panel may include a semiconductor
layer AL disposed on the gate insulating layer 230. The
semiconductor layer AL may overlap the gate electrode GE.
Although not illustrated in the drawings, an ohmic contact
member may be disposed on the semiconductor layer AL.
The semiconductor layer AL, may be made of a semicon-
ductor material such as amorphous silicon or oxide semi-
conductor to pass or block an electric current according to a
voltage provided to the gate electrode GE. The ohmic
contact member may be made of a semiconductor material
doped with an impurity and form an ohmic contact between
each of a source electrode SE and a drain electrode DE
thereon and the semiconductor layer AL thereunder.
[0080] The lower panel may include a data line DL, the
source electrode SE and the drain electrode DE, which are
disposed on the semiconductor layer AL and the gate insu-
lating layer 230. The source electrode SE is connected to the
data line DL and disposed on the semiconductor layer AL.
The drain electrode DE is disposed on the semiconductor
layer AL and separated from the source electrode SE. When
a channel is formed in the semiconductor layer AL in
response to a gate-on voltage applied to the gate electrode
GE, a data voltage applied to the data line DL may be
provided to the drain electrode DE via the source electrode
SE and the semiconductor layer AL.

[0081] The lower panel may include a passivation layer
240 disposed on the data line DL, the source electrode SE
and the drain electrode DE. The passivation layer 240 may
include an inorganic insulating material or an organic insu-
lating material. The passivation layer 240 may a multilayer
structure defined by a stack of two or more layers. In one
exemplary embodiment, for example, the passivation layer
240 may include a first passivation layer (not illustrated)
including an inorganic insulating material, and a second
passivation layer (not illustrated) including an organic insu-
lating material and disposed on the first passivation layer.
[0082] A contact hole CH which exposes part of the drain
electrode DE of a switching device Q may be defined in the
passivation layer 240. The drain electrode DE may be
physically and electrically connected to a pixel electrode PE
by the contact hole CH.

[0083] The lower panel may include a lower alignment
layer 240 disposed on the pixel electrode PE. The lower
alignment layer 250 may be a vertical alignment layer. The
lower alignment layer 250 may allow a liquid crystal mol-
ecule in the liquid crystal layer LCL to have a predetermined
pretilt angle. In such an embodiment, in an initial state in
which no electric field is generated between the pixel
electrode PE and a common electrode CE, liquid crystal
molecules LC located on the lower alignment layer 250 may
pretilt at an angle of about 1 degree to about 10 degrees to
a direction perpendicular to the lower alignment layer 250.
[0084] The upper panel may include a second insulating
substrate 220. The upper panel may include a blocking



US 2016/0377941 Al

member 270 disposed on (under) the second insulating
substrate 220. The blocking member 270 may block light
and may be in a lattice pattern. The blocking member 270
may overlap an area excluding an area in which the pixel
electrode PE is disposed, thereby preventing the leakage of
light.

[0085] The upper panel may include a color filter CF
disposed on the second insulating substrate 220 and the
blocking member 270. The color filter CF may transmit a
particular wavelength band of incident light and block the
other wavelength bands, so that light emerging from the
color filter CF has a particular color.

[0086] In an alternative exemplary embodiment, the
blocking member 270 and the color filter CF may be
disposed on the second insulating substrate 220. In such an
embodiment, although not illustrated in the drawings, a
cover layer (not illustrated) may be disposed under the
blocking member 270 and the color filter CF. The cover
layer (not illustrated) may effectively prevent the color filter
CF and the blocking member 270 from moving out of
position, effectively prevent a defect, such as an afterimage
which may be created during screen driving, by suppressing
the contamination of the liquid crystal layer LCL by organic
matter such as a solvent introduced from the color filter CF,
and/or planarize the surface.

[0087] The upper panel may include the common elec-
trode CE disposed on the color filter CF. The common
electrode CE may generate an electric field in the liquid
crystal layer LCL, together with the pixel electrode PE. In an
exemplary embodiment, the upper panel may include an
upper alignment layer 260 disposed on the common elec-
trode CE. The upper alignment layer 260 may play the same
role as the lower alignment layer 250 described above.
[0088] The liquid crystal layer LCL is disposed between
the first insulating substrate 210 and the second insulating
substrate 220 and controls the intensity of light transmitting
therethrough. The liquid crystal layer LCL may include a
plurality of liquid crystal molecules LC having dielectric
anisotropy. The liquid crystal molecules LC may have
negative dielectric anisotropy. Therefore, longitudinal or
major axes of the liquid crystal molecules LC may be
arranged perpendicular to an applied electric field. However,
the invention is not limited thereto. In an alternative exem-
plary embodiment, the liquid crystal molecules LC may also
have positive dielectric anisotropy. In such an embodiment,
the longitudinal or major axes of the liquid crystal molecules
LC may be arranged in a direction parallel to the applied
electric field. Here, the liquid crystal molecules LC may be
tilted to a certain degree by the upper alignment layer 260
and the lower alignment layer 250. In such an embodiment,
the liquid crystal molecules LC may generally be aligned
between the first insulating substrate 210 and the second
insulating substrate 200 in a direction perpendicular to the
first insulating substrate 210 and the second insulating
substrate 220.

[0089] When an electric field is applied to between the
first insulating substrate 210 and the second insulating
substrate 220, the liquid crystal molecules L.C are rearranged
in a certain direction, and the polarization of light passing
through the rearranged liquid crystal molecules LC is
changed by optical anisotropy of the rearranged liquid
crystal molecules LC. Accordingly, the light may be trans-
mitted or blocked by a polarizing plate (not illustrated)
provided on the first insulating substrate 210 and the second
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insulating substrate 220. Here, the term “rearranged” may
denote a state in which the liquid crystal molecules LC is
tilted or aligned toward or in a direction perpendicular to the
first insulating substrate 210 or the second insulating sub-
strate 220.

[0090] The pixel electrode PE may include a plurality of
sub-pixel electrodes (SPE_1, SPE_2). In the drawings, a first
sub-pixel electrode SPE_1 and a second sub-pixel electrode
SPE_2 arranged successively in a vertical direction are
illustrated as an example. However, the invention is not
limited to this example, and more sub-pixel electrodes may
be provided. In such an embodiment, the first and second
sub-pixel electrodes SPE_1 and SPE_2 are physically con-
nected to each other to receive a same voltage. In such an
embodiment, where the first sub-pixel electrode SPE_1 is
physically connected to the drain electrode DE of the
switching device Q by the contact hole CH as illustrated in
the drawings, a data voltage applied to the drain electrode
DE of the switching device Q is provided directly to the first
sub-pixel electrode SPE_1. In such an embodiment, since
the first sub-pixel electrode SPE_1 and the second sub-pixel
electrode SPE_2 are physically connected to each other, the
data voltage may also be provided to the second sub-pixel
electrode SPE 2.

[0091] The first and second sub-pixel electrodes SPE_1
and SPE_2 may have the same structure as each other.
However, the invention is not limited thereto, and the first
and second sub-pixel electrodes SPE_1 and SPE_2 may be
substantially the same in shape but different in the overall
ratio. In an alternative exemplary embodiment, the first and
second sub-pixel electrodes SPE_1 and SPE_2 may have
different structures in a certain area.

[0092] In an alternative exemplary embodiment, the pixel
electrode PE may include a single sub-pixel electrode.
[0093] Each of the first and second sub-pixel electrodes
SPE_1 and SPE_2 may have a certain pattern. In such an
embodiment, the rearrangement direction of the liquid crys-
tal molecules LC may be different in each area according to
the pattern structure of each of the first and second sub-pixel
electrodes SPE_1 and SPE_2 that overlap the liquid crystal
molecules LC. The different rearrangement direction of the
liquid crystal molecules LC in each area may improve lateral
visibility. The specific structure of each of the first and
second sub-pixel electrodes SPE_1 and SPE_2 and the
rearrangement direction of the liquid crystal molecules LC
will now be described with reference to FIG. 5.

[0094] FIG. 5 is a plan view of a sub-pixel electrode SPE
according to an embodiment of the invention.

[0095] Referring to FIG. 5, an exemplary embodiment of
the sub-pixel electrode SPE may include a stem part STP
and first through fourth micro-branch parts MBP_1 through
MRBP_4.

[0096] The stem part STP is an area that overlaps an
imaginary stem part central line SCL corresponding to a
central axis of the sub-pixel electrode SPE in a vertical
direction and a horizontal direction. The stem part STP may
have substantially a cross-like shape. A data voltage applied
to the sub-pixel electrode SPE may be provided to each of
the first through fourth micro-branch parts MBP_1 through
MBP_4 through the stem part STP.

[0097] Each of the first through fourth micro-branch parts
MBP_1 through MBP_4 may include micro-branches MB,
each branching or extending from the stem part STP in a
predetermined direction corresponding to a domain defined
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thereby. In an exemplary embodiment, an upper left area of
the stem part central line SCL that divides the sub-pixel
electrode SPE into four quadrants may define a first domain
DM1, an upper right area of the stem part central line SCL
may define a second domain DM2, a lower left area of the
stem part central line SCL may define a third domain DM3,
and a lower right area of the stem part central line SCL may
define a fourth domain DM4.

[0098] For ease of description, a direction toward an upper
left corner may be defined as a first direction D1, a direction
toward an upper right corner may be defined as a second
direction D2, a direction toward a lower left corner may be
defined as a third direction D3, and a direction toward a
lower right corner may be defined as a fourth direction D4.
Here, each of the first through fourth directions D1 through
D4 may have an included angle of about 90 degrees with an
adjacent direction of the first through fourth directions D1
through D4. In such an embodiment, a direction toward a left
side may be defined as a fifth direction D5, and a direction
toward an upper side may be defined as a sixth direction D§.
Here, the fifth direction D5 forms an included angle of about
45 degrees with the first direction D1 and an included angle
of about 90 degrees with the sixth direction D6.

[0099] In an exemplary embodiment, the first branch part
MBP_1 is disposed in the first domain DM1 and includes
micro-branches MB branching from the stem part STP in the
first direction D1. In such an embodiment, the micro-
branches MB are separated or spaced apart from each other,
and micro-slits MS are defined between the micro-branches
MB.

[0100] In such an embodiment, the second branch part
MBP_2 is disposed in the second domain DM2 and includes
micro-branches MB branching from the stem part STP in the
second direction D2. In such an embodiment, the micro-
branches MB are separated or spaced apart from each other,
and micro-slits MS are defined between the micro-branches
MB.

[0101] In such an embodiment, the third branch part
MBP_3 is disposed in the third domain DM3 and includes
micro-branches MB branching from the stem part STP in the
third direction D3. In such an embodiment, the micro-
branches MB are separated or spaced apart from each other,
and micro-slits MS are defined between the micro-branches
MB.

[0102] In such an embodiment, the fourth branch part
MBP_4 is disposed in the fourth domain DM4 and includes
micro-branches MB branching from the stem part STP in the
fourth direction D4. In such an embodiment, the micro-
branches MB are separated or spaced apart from each other,
and micro-slits MS are defined between the micro-branches
MB.

[0103] Liquid crystal molecules LC disposed above the
sub-pixel electrode SPE may be rearranged according to an
electric field formed between the sub-pixel electrode SPE
and a common electrode CE which faces the sub-pixel
electrode SPE.

[0104] In such an embodiment, when no electric field is
formed between the sub-pixel electrode SPE and the com-
mon electrode CE, the liquid crystal molecules LC may be
arranged perpendicular to a plane in which the first through
sixth directions D1 through D6 are defined.

[0105] Here, when an electric field is formed by applying
a voltage to the sub-pixel electrode SPE and the common
electrode CE, the liquid crystal molecules LC may be
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rearranged. In an exemplary embodiment, the liquid crystal
molecules LC disposed in the first domain DM1 may be
rearranged to tilt toward the fourth direction D4, the liquid
crystal molecules LC disposed in the second domain DM2
may be rearranged to tilt toward the third direction D3, the
liquid crystal molecules L.C disposed in the third domain
DM3 may be rearranged to tilt toward the second direction
D2, and the liquid crystal molecules LC disposed in the
fourth domain DM4 may be rearranged to tilt toward the
direction D1.

[0106] In an exemplary embodiment, the micro-branches
MB disposed on both sides of the stem part STP extending
along a direction may be arranged alternately. In such an
embodiment, since an electric field is formed in each micro-
slit MS in a direction oblique to the stem part STP, the
control over the liquid crystal molecules LC in an adjacent
area may be improved.

[0107] In an exemplary embodiment, a slit boundary line
SBL at which each micro-slit MS and the stem part STP
meet each other may form a particular included angle with
the stem part central line SCL. The slit boundary line SBL
may be a boundary line between the micro-slit and the stem
part STP. The included angle formed by the slit boundary
line SBL and the stem part central line SCL, may be different
in each micro-slit MS. In such an embodiment, an indenta-
tion pattern IP defined by a cutout portion extending into the
sub-pixel electrode SPE may be formed in an area in which
each micro-slit MS is connected to the stem part STP. The
included angle formed by the slit boundary line SBL and the
stem part central line SCL. and the indentation pattern 1P
formed as described above may improve the control over the
liquid crystal molecules LC in an area in which each
micro-slit MS is adjacent to the stem part STP. The angle
formed by the slit boundary line SBL and the stem part
central line SCL and the specific structure of the indentation
pattern 1P will now be described with reference to FIG. 6.
[0108] FIG. 6 is an enlarged plan view of the first domain
DM1 of the sub-pixel electrode SPE of FIG. 5.

[0109] Referring to FIG. 6, in an exemplary embodiment,
the imaginary stem part central line SCL includes a first stem
part central line SCL_1 and a second stem part central line
SCL_2, and the slit boundary line SBL includes first through
third slit boundary lines SBL_1 through SBL_3.

[0110] The first stem part central line SCL_1 denotes a
portion of the stem part central line extending horizontally,
and the second stem part central line SCL_2 denotes a
portion of the stem part central line extending vertically. The
first slit boundary line SBL,_1 may be a boundary line at
which micro-slits MS adjacent to the stem part STP extend-
ing horizontally meets the stem part STP. The second slit
boundary line SBL._2 may be a boundary line at which
micro-slits MS adjacent to the stem part STP extending
vertically meets the stem part STP. The third slit boundary
line SBL_3 may be a boundary line at which a micro-slit MS
formed at a boundary that divides the horizontal direction
from the vertical direction of the stem part STP meets the
stem part STP.

[0111] In such an embodiment, the first slit boundary line
SBL_1 and the first stem part central line SCL,_1 may form
a first angle 61, and the first angle 81 may be an acute angle.
In one exemplary embodiment, for example, where the first
angle 01 is about 11 degrees, and an improvement in the
control over the liquid crystal molecules L.C may be maxi-
mized.
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[0112] In such an embodiment, the second slit boundary
line SBL,_2 and the second stem part central line SCL,_2 may
form a second angle 02, and the second angle 02 may be
substantially the same as or equal to about the first angle 61.
[0113] Insuch an embodiment, the third slit boundary line
SBL_3 may form a third angle 63 with the first stem part
central line SCL_1 or the second stem part central line
SCL_2, and the third angle 83 may be about 45 degrees.
[0114] In an exemplary embodiment, each micro-slit MS
may form a different angle with the first stem part central
line SCL_1 or the second stem part central line SCL_2. In
such an embodiment, angles other than the first through third
angles 01 through 63 may be formed, and such angles may
all be acute angles.

[0115] The indentation pattern IP may be defined or
formed in an area in which each micro-slit MS is adjacent to
the stem part STP. The indentation pattern IP may be defined
by a portion of the micro-slit MS that extends further into the
stem part STP.

[0116] Inexemplary embodiments, the sub-pixel electrode
SPE may include the structure in which the slit boundary
line SBL and the stem part central line SCL form an acute
angle and the structure in which the indentation pattern IP is
formed. However, in an alternative exemplary embodiment,
the sub-pixel electrode SPE may include only the structure
in which the indentation pattern IP is formed to improve the
control over the liquid crystal molecules LC.

[0117] The shape of the indentation pattern IP will now be
described in greater detail with reference to FIG. 7.

[0118] FIG. 7 is an enlarged plan view of an area ‘A’ of
FIG. 6.
[0119] Referring to FIG. 7, an indentation pattern 1P may

be formed in such a shape that a micro-slit MS extends into
an adjacent micro-branch MB and the stem part STP. In an
exemplary embodiment, the indentation pattern IP may
include a first sub-indentation pattern SIP_1 and a second
sub-indentation pattern SIP_2. Each of the first and second
sub-indentation patterns SIP_1 and SIP_2 may be shaped
like a parallelogram or have a substantially parallelogram-
matic shape. Here, the first sub-indentation pattern SIP_1
may extend parallel to the slit boundary line SBL and may
be cut into the stem part STP and the micro-branch MB. The
second sub-indentation pattern SIP_2 may extend in a
direction parallel to a direction in which the micro-slit M3
extends and may be cut into the stem part STP.

[0120] When an arbitrary length x is defined as a unit
length, each side of the first sub-indentation pattern SIP_1
may have the length of x in an embodiment, as shown in
FIG. 7. In such an embodiment, a pair of opposite sides of
the second sub-indentation pattern SIP_2 may have the
length of x, and the other pair of opposite sides of the second
sub-indentation pattern SIP_2 may have a length of 2x.
Here, the unit length x may be in a range of about 0.5 um to
about 5 pm, e.g., about 1 um.

[0121] In such an embodiment, when a straight line con-
necting two points farthest from each other from among
points located on an outer side of the indentation pattern IP
is defined as a maximum width W2 of the indentation pattern
IP, the indentation pattern IP may be formed such that the
maximum width W2 of the indentation pattern IP is smaller
than a width W1 of the micro-slit MS. In such an embodi-
ment, where the size of the indentation pattern IP is limited
as described above, the indentation pattern IP may effec-
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tively reinforce the control over the liquid crystal molecules
LC in an area in which the micro-slit MS is adjacent to the
stem part STP.

[0122] In such an embodiment, when two points at which
the indentation pattern IP and the micro-slit MS are con-
nected are defined as a first connection point P1 and a second
connection point P2, at least one of the first and second
connection points P1 and P2 is located on the slit boundary
line SBL. In an exemplary embodiment, as shown in FIG. 7,
the second connection point P2 1s located on the slit bound-
ary line SBL. Accordingly, in such an embodiment, the
indentation pattern IP may be formed in the area in which the
micro-slit MS is adjacent to the stem part STP and may
effectively reinforce the control over the liquid crystal
molecules LC in this area.

[0123] In an exemplary embodiment, the micro-slit MS is
adjacent to the stem part STP and forms two internal angles.
When the two internal angles are defined as a first included
angle 6a and a second included angle 8b, respectively, the
sum of the first included angle 6a and the second included
angle 6b may be about 180 degrees. Here, if an internal
angle formed as an obtuse angle is defined as the first
included angle Ba and an internal angle formed as an acute
angle is defined as the second included angle 8b, the
indentation pattern IP may be formed adjacent to a vertex at
which the first included angle 0a is formed.

[0124] In one exemplary embodiment, for example, both
of the two internal angles may be about 90 degrees. In such
an embodiment, two indentation patterns IP may be formed
adjacent to the two internal angles, respectively. Alterna-
tively, no indentation pattern IP may be formed adjacent to
both of the two internal angles. In an exemplary embodi-
ment, as shown in FIG. 6, when both of the two internal
angles is about 90 degrees, no indentation pattern IP is
formed adjacent to both of the two internal angles.

[0125] In an exemplary embodiment, as shown in FIG. 7,
the indentation pattern IP includes two sub-indentation pat-
terns SIP_1 and SIP_2, and one of the sub-indentation
patterns SIP_1 and SIP_2 is cut into the micro-branch MB
and the stem part STP. and the other one of the sub-
indentation patterns SIP_1 and SIP_2 is cut into the stem
part STP. However, the invention is not limited thereto. In an
alternative exemplary embodiment, the indentation pattern
IP in each micro-slit MS may include only a single sub-
indentation pattern or three or more sub-indentation pat-
terns. In an exemplary embodiment, each sub-indentation
pattern may be cut into only the micro-branch MB. In such
an embodiment, the maximum width W2 of the indentation
pattern IP may be smaller than the width W1 of the micro-
slit MS, and at least one of the first and second connection
points P1 and P2 may be located on the slit boundary line
SBL.

[0126] In an exemplary embodiment, as illustrated in FIG.
7, each edge of the indentation pattern IP may be parallel to
the slit boundary line SBL or each side of the micro-branch
MB. However, the invention is not limited to this example.
Alternatively, the indentation pattern IP may also include an
edge not parallel to the slit boundary line SBL or each side
of the micro-branch MB. In an exemplary embodiment, as
illustrated in FIG. 7, the indentation pattern IP may include
sub-indentation patterns shaped like parallelograms or have
a substantially parallelogrammatic shape. However, the
shape of each of the sub-indentation patterns is not limited
to the parallelogram, and the sub-indentation patterns may
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have a different shape, e.g., triangles. In an exemplary
embodiment, the outer side of the indentation pattern IP may
be curved or circular. In such an embodiment, the maximum
width W2 of the indentation pattern IP may be smaller than
the width W1 of the micro-slit MS, and at least one of the
first and second connection points P1 and P2 may be located
on the slit boundary line SBL.

[0127] An alternative exemplary embodiment, where an
indentation pattern has a different shape from that of the
indentation pattern I[P of FIG. 7 will now be described in
detail with reference to FIGS. 8 and 9.

[0128] FIG. 8 is an enlarged plan view of an area, which
corresponds to the area ‘A’ of FIG. 6, of a sub-pixel electrode
according to another embodiment of the invention. FIG. 9 is
an enlarged plan view of an area, which corresponds to the
area ‘A’ of FIG. 6, of a sub-pixel electrode according to
another embodiment of the invention.

[0129] Referring to FIG. 8. in an alternative exemplary
embodiment, an indentation pattern IP may include only a
single sub-indentation pattern shaped like a parallelogram or
have a substantially parallelogrammatic shape, and may be
cut into only a stem part STP. In such an embodiment, a
direction in which the indentation pattern IP extends toward
the stem part STP may be different from a direction in which
an outer side of a micro-slit MS extends.

[0130] In such an embodiment of the indentation pattern
IP illustrated in FIG. 8, a maximum width W3 of the
indentation pattern IP may be smaller than a width W1 of the
micro-slit MS, and at least one of first and second connec-
tion points P1 and P2 may be located on a slit boundary line
SBL.

[0131] Referring to FIG. 9, in another alternative exem-
plary embodiment, an indentation pattern IP may include
only a single sub-indentation pattern shaped like a semi-
circle and may be cut into only a stem part STP. In such an
embodiment, since the indentation pattern IP is semi-circu-
lar, an outer side of the indentation pattern IP may be curved,
e.g., include a single curve.

[0132] In such an embodiment of the indentation pattern
IP illustrated in FIG. 9, a maximum width W4 of the
indentation pattern IP may be smaller than a width W1 of a
micro-slit MS, and at least one of first and second connec-
tion points P1 and P2 may be located on a slit boundary line
SBL.

[0133] FIG. 10 is a plan view of a sub-pixel electrode SPE
according to a comparative embodiment.

[0134] The sub-pixel electrode SPE shown in FIG. 10 is
substantially the same as the sub-pixel electrode SPE shown
in FIG. 5 except for some elements thereof The same or like
elements shown in FIG. 10 have been labeled with the same
reference characters as used above to describe the exemplary
embodiments of the sub-pixel electrode SPE shown in FIG.
5, and any repetitive detailed description thereof will here-
inafter be omitted or simplified.

[0135] Referring to FIG. 10, in a comparative embodiment
of the sub-pixel electrode SPE, a slit boundary line SBL and
a stem part central line SCL are parallel or perpendicular to
each other. In the comparative embodiment, an indentation
pattern [P are not be formed in an area in which each
micro-slit MS is adjacent to a stem part STP.

[0136] Inthe comparative embodiment, liquid crystal mol-
ecules MLC disposed in the area in which each micro-slit
MS is adjacent to the stem part STP may tilt in an undesired
direction. In the comparative embodiment, liquid crystal
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molecules disposed in a first domain of the sub-pixel elec-
trode SPE of FIG. 10 may be desired to be rearranged toward
a fourth direction D4. However, some liquid crystal mol-
ecules MLC disposed in the area in which each micro-slit
MS is adjacent to the stem part STP may be rearranged
toward a second direction D2 or a third direction D3. In the
comparative embodiment the arrangement of the liquid
crystal molecules ML.C may be irregular or may be rapidly
changed, thereby reducing the transmittance of an adjacent
area. This will now be described in more detail with refer-
ence to FIGS. 11 through 14.

[0137] FIG. 11 is a cross-sectional view of an LCD having
the sub-pixel electrode SPE of FIG. 5, taken along line II-IT'.
FIG. 12 is a cross-sectional view of an LCD having the
sub-pixel electrode SPE of FIG. 10, taken along line III-IIT'.
[0138] Each element illustrated in FIGS. 11 and 12 has
been described above with reference to F1G. 4, and thus any
repetitive detailed description thereof will be omitted.
[0139] Referring to FIG. 11, when no electric field is
formed between a pixel electrode PE and a common elec-
trode CE, liquid crystal molecules LC disposed in a liquid
crystal layer LCL may be arranged substantially perpendicu-
lar to a first insulating substrate 210 or may be slightly tilted
from a direction perpendicular to the first insulating sub-
strate 210 by an upper alignment layer 260 and a lower
alignment layer 250.

[0140] Here, when an electric field is formed between the
pixel electrode PE and the common electrode CE, the liquid
crystal molecules LC of the liquid crystal layer LCL may all
be rearranged to tilt, and the liquid crystal molecules LC
disposed along line II-II' of FIG. 5 may all be rearranged to
tilt to the right in FIG. 11. This rearrangement and interac-
tion with a polarizing plate (not illustrated) may allow light
to be seen.

[0141] On the other hand, referring to FIG. 12, when no
electric fleld is formed between a pixel electrode PE and a
common electrode CE, the arrangement of liquid crystal
molecules L.C may be the same as the arrangement of the
liquid crystal molecules LC illustrated in FIG. 11, However,
when an electric field is formed between the pixel electrode
PE and the common electrode CE, some liquid crystal
molecules ML.C may be rearranged to tilt in an unintended
or undesired direction.

[0142] When the liquid crystal molecules LC illustrated in
FIG. 12 is designed to be rearranged to tilt to the right, some
liquid crystal molecules MLC may be rearranged to tilt in a
direction perpendicular to the cross-section instead of tilting
to the right. In particular, such an error in rearrangement may
occur frequently in an area in which each micro-slit MS is
adjacent to the stem part STP of the sub-pixel electrode SPE
and may reduce the transmittance of the LCD 1000.
[0143] FIG. 13 is an image showing the transmission of
light through the sub-pixel electrode SPE of FIG. 5, and
FIG. 14 is an image showing the transmission of light
through the sub-pixel electrode SPE of FIG. 10.

[0144] Referring to FIGS. 13 and 14, in the case of the
sub-pixel electrode SPE of FIG. 5, the irregularity of light
transmission is not observed in the area in which the stem
part STP is adjacent to each micro-slit MS. In the case of the
sub-pixel electrode SPE of FIG. 10, however, the irregular-
ity of light transmission is observed in the area in which the
stem part STP is adjacent to each micro-slit MS. Such
irregularity of light transmission may reduce overall trans-
mittance.
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[0145] In an exemplary embodiment, the irregularity of
light transmission in the area in which each micro-slit MS is
adjacent to the stem part STP may be prevented by tilting the
slit boundary line SBL and the stem part central line SCL
and forming the indentation pattern IP.

[0146] FIG. 15 is a plan view of an exposure mask MSK
used to manufacture a sub-pixel electrode according to an
embodiment of the invention.

[0147] The exposure mask MSK of FIG. 15 is an exem-
plary embodiment of the exposure mask MSK to be used to
manufacture the pixel electrode PE of FIG. 3. For conve-
nience of illustration and description, a pattern of the expo-
sure mask MSK in an area in which a switching device Q is
formed is omitted in FIG. 15. The pattern may vary accord-
ing to the position of the switching device Q.

[0148] The exposure mask MSK of FIG. 15 may be used
to form a pixel electrode PE including two connected
sub-pixel electrodes (SPE_1, SPE_2) as in FIG. 3. The
exposure mask MSK of FIG. 15 may correspond to one pixel
PX, and a pattern of the exposure mask MSK may be
repeatedly defined over the entire exposure mask MSK.
[0149] In an exemplary embodiment, the exposure mask
MSK of FIG. 15 may be used for photoresist having
negative photosensitivity, that is, for photoresist whose
portions not irradiated with ultraviolet (“UV”) light are
removed. In such an embodiment, an area of the exposure
mask MS which corresponds to a pixel electrode PE may be
transparent and an area excluding the area corresponding to
the pixel electrode PE may be opaque.

[0150] Although not illustrated in the drawing, in an
exemplary embodiment of an exposure mask used for pho-
toresist having positive photosensitivity, that is, for photo-
resist whose portions irradiated with UV light are removed,
an area corresponding to the pixel electrode PE may be
opaque, and an area excluding the area corresponding to the
pixel electrode PE may be transparent.

[0151] In such an embodiment, since the pixel electrode
PE is formed according to the pattern of the exposure mask
MSK, the exposure mask MSK may include portions cor-
responding to the micro-branches MB, the stem part STP
and the indentation patterns IP of the pixel electrode PE and
each sub-pixel electrode SPE of the pixel electrode PE. The
specific structures of mask micro-branches MMB, a mask
stem part MSTP and mask indentation patterns MIP of the
exposure mask MSK may be the same as those of the
micro-branches MB, the stem part STP and the indentation
patterns IP of each sub-pixel electrode SPE described above.
[0152] Here, the micro-branches MB, the micro-slits MS,
the stem part STP and the indentation patterns IP of each
sub-pixel electrode SPE may correspond to the mask micro-
branches MMB, mask micro-slits MMS, the mask stem part
MSTP and the mask indentation patterns MIP of the expo-
sure mask MSK, respectively.

[0153] An exemplary embodiment of a method of manu-
facturing a pixel electrode PE using the exposure mask MSK
of FIG. 15 will now be described.

[0154] FIGS. 16 through 21 are cross-sectional views
taken along line IV-IV' of the pixel electrode PE of FIG. 3
showing steps of an exemplary embodiment of a method of
manufacturing a pixel electrode.

[0155] In FIGS. 16 through 21, a unit process for forming
a pixel electrode PE is illustrated. While additional unit
processes may be performed to form other elements of an
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LCD 1000 such as data lines DL and gate lines GL, a
description thereof will be omitted.

[0156] Referring to FIG. 16, a conductive layer 310 is
provided or formed on a surface of a passivation layer 240.
The conductive layer 310 may include or be made of a
transparent conductive material such as indium zinc oxide
(“IZO”). Alternatively, other transparent materials having
conductivity may also be used to form the conductive layer
310.

[0157] Referring to FIG. 17, a photoresist layer 320 is
provided or formed on the conductive layer 310. The pho-
toresist layer 320 may be hardened when irradiated with UV
light. Since hardened areas are not removed in a develop-
ment process, the photoresist layer 320 may protect part of
the conductive layer 310 formed thereunder.

[0158] As described above, the photoresist layer may have
any one of positive photosensitivity and negative photosen-
sitivity. In an exemplary embodiment shown in FIG. 17, the
photoresist layer 320 may have negative anisotropy.
[0159] Referring to FIG. 18, UV light is irradiated to a
location where a pixel electrode PE is to be formed. Here, an
exposure mask 330 may be used to allow the UV light to
reach some areas of the photoresist layer 320 and not allow
the UV light to reach the other areas of the photoresist layer
320. Accordingly, some areas 321 of the photoresist layer
320 irradiated with the UV light may harden.

[0160] The irradiation of UV light may be performed
using an exposure device (not illustrated). In an exemplary
embodiment, a pattern of the exposure mask 330 and a
pattern of the pixel electrode PE may be finer than the limit
resolution of the exposure device. In an exemplary embodi-
ment, apart from the resolution of the exposure device, even
if UV light is irradiated to the photoresist layer 320 through
the exposure mask 330 that blocks some of the UV light, the
photoresist layer 320 may be hardened in a partially different
pattern from the pattern of the exposure mask 330 due to,
e.g., the refraction or diffraction of the UV light. Therefore,
the actual shape of the pixel electrode PE formed may be
partially different from the shape of the pattern of the
exposure mask 330.

[0161] Referring to FIG. 19, a development process is
performed to remove areas 322 excluding the hardened areas
321 of the photoresist layer 320.

[0162] Referring to FIG. 20, the conductive layer 310
excluding areas 311 overlapping or covered by the remain-
ing hardened areas 321 of the photoresist layer 320 is
removed by etching,

[0163] Referring to FIG. 21, the remaining hardened areas
321 of the photoresist layer 320 are removed, thereby
obtaining a patterned pixel electrode 311.

[0164] FIG. 22 is a schematic plan view of an actually
manufactured version of the sub-pixel electrode SPE of FIG.
6.

[0165] Referring to FIG. 22, the output line of an actually
manufactured sub-pixel electrode SPE may be different from
that of the sub-pixel electrode SPE of FIG. 6 in that each
corner of the actually manufactured sub-pixel electrode SPE
is gently rounded.

[0166] In such an embodiment, since each indentation
pattern IP is very small compared with the total size of the
sub-pixel electrode SPE of FIG. 22, each corner thereof may
be more gently rounded.

[0167] Depending on the performance of an exposure
device (not illustrated), a sub-pixel electrode SPE may be



US 2016/0377941 Al

manufactured in exactly the same shape as the shape of the
sub-pixel electrode SPE of FIG. 6.

[0168] FIG. 23 is an enlarged plan view of an area ‘B’ of
FIG. 22.
[0169] A two point chain line shown in FIG. 23 corre-

sponds to a pattern of an exposure mask MSK used to
manufacture the sub-pixel electrode SPE of FIG. 22.
[0170] Referring to FIG. 23, the sub-pixel electrode SPE
may include an indentation pattern IP which is cut into a
micro-branch MB from an extension line from an edge of the
micro-branch MB and cut into a stem part STP from a slit
boundary line SBL.
[0171] If one sub-pixel electrode SPE includes a plurality
of indentation patterns IP. the indentation patterns IP may be
different in shape. However, the indentation patterns IP may
all be shaped such that a micro-slit MS extends into the
micro-branch MB or the stem part STP.
[0172] Due to the indentation patterns IP, the control over
liquid crystal molecules L.C located near the indentation
pattern IP may be improved, which, in turn, increases an
aperture ratio of the LCD 1000.
[0173] According to embodiments of the invention, an
LCD having improved control over liquid crystal molecules
may be provided.
[0174] Further, an exposure mask for manufacturing an
LCD having improved control over liquid crystal molecules
may be provided.
[0175] However, the invention should not be construed as
being 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 concept of the present invention to
those skilled in the art.
[0176] While the invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit or scope of the
present invention as defined by the following claims.

What is claimed is:

1. A liquid crystal display comprising:

a substrate; and

a pixel electrode disposed on the substrate,

wherein the pixel electrode comprises:

a plurality of micro-branches which are spaced apart
from each other and extend side by side with each
other, wherein a micro-slit is defined between the
micro-branches;

a stem part which is connected to each of the micro-
branches, wherein an indentation pattern is defined
by a cutout portion cut into the stem part,

wherein at least one of two points connecting the
indentation pattern and the micro-slit is located on a
slit boundary line at which the micro-slit and the
stem part meet each other.

2. The liquid crystal display of claim 1, wherein

a maximum width of the indentation pattern, which is a
length of a straight line connecting two points located
farthest from each other from among points located on
an outer side of the indentation pattern, is smaller than

a width of the micro-slit.

3. The liquid crystal display of claim 1, wherein
the indentation pattern comprises a first sub-indentation
pattern and a second sub-indentation pattern,
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each of the first and second sub-indentation patterns is cut

into the stem part or a micro-branch.

4. The liquid crystal display of claim 3, wherein each of
the first and second sub-indentation patterns has a substan-
tially parallelogrammatic shape.

5. The liquid crystal display of claim 4, wherein

the first sub-indentation pattern extends parallel to the slit

boundary line and is cut into the stem part and the

micro-branch, and

the second sub-indentation pattern extends parallel to a

direction in which the micro-slit extends and is cut into

the stem part.

6. The liquid crystal display of claim 1, wherein the
indentation pattern is semi-circular.

7. The liquid crystal display of claim 1, wherein

the micro-slit has a first angle and a second angle, which

are two internal angles formed with respect to the stem

part,

the first angle is an obtuse angle,

the second angle is an acute angle, and

the indentation pattern is disposed adjacent to a vertex at

which the first angle is formed.

8. The liquid crystal display of claim 1, wherein

the pixel electrode comprises a plurality of domains,

wherein a direction in which the micro-branches and the

micro-slit extend is different in each of the domains.

9. The liquid crystal display of claim 1, wherein a
direction in which the stem part extends and a direction in
which the slit boundary line extends are not parallel to each
other.

10. The liquid crystal display of claim 9, wherein an angle
formed by the direction in which the stem part extends and
the direction in which the slit boundary line extends is
greater than about 10 degrees and smaller than about 15
degrees.

11. The liquid crystal display of claim 1, wherein the outer
side of the indentation pattern comprises a single curve.

12. An exposure mask comprising:

a blocking area which blocks incident light;

a transmitting area which is adjacent to the blocking area

and transmits the incident light therethrough,

wherein the transmitting area comprises:

a plurality of mask micro-branches which are separated
from each other and extend side by side with each
other;

a mask micro-slit defined between the mask micro-
branches;

a mask stem part connected to each of the mask
micro-branches; and

a mask indentation pattern defined by a cutout portion
extending into the mask stem part,

wherein at least one of two points connecting the mask
indentation pattern and the mask micro-slit is located
on a mask slit boundary line at which the mask
micro-slit and the mask stem part meet each other.

13. The exposure mask of claim 12, wherein

a maximum width of the mask indentation pattern, which

is a length of a straight line connecting two points

located farthest from each other from among points
located on an outer side of the mask indentation pattern,
is smaller than a width of the mask micro-slit.
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14. The exposure mask of claim 12, wherein

the mask indentation pattern comprises a first sub-mask
indentation pattern and a second sub-mask indentation
pattem,

wherein each of the first and second sub-mask indentation

patterns is cut into the mask stem part or a mask
micro-branch.

15. The exposure mask of claim 14, wherein each of the
first and second sub-mask indentation patterns has a sub-
stantially parallelogrammatic shape.

16. The exposure mask of claim 15, wherein

the first sub-mask indentation pattern extends parallel to

the mask slit boundary line and is cut into the mask
stem part and the mask micro-branch, and

the second sub-mask indentation pattern extends parallel

to a direction in which the mask micro-slit extends and
is cut into the mask stem part.

17. The exposure mask of claim 12, wherein

the mask micro-slit has a first angle and a second angle

which are two internal angles thereof formed with
respect to the mask stem part,
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the first angle is an obtuse angle,
the second angle is an acute angle, and

the mask indentation pattern is disposed adjacent to a
vertex at which the first angle is formed.

18. The exposure mask of claim 12, further comprising:

a plurality of domains, wherein a direction in which the
mask micro-branches and the mask micro-slit extend is
different in each of the domains.

19. The exposure mask of claim 12, wherein a direction
in which the mask stem part extends and a direction in which
the mask slit boundary line extends are not parallel to each
other.

20. The exposure mask of claim 19, wherein an angle
formed by the direction in which the mask stem part extends
and the direction in which the mask slit boundary line
extends is greater than about 10 degrees and smaller than
about 15 degrees.



patsnap

TREMOF) BRERSENATHECHBRLER
[F(RE)E US20160377941A1 K (aH)A 2016-12-29
BRiES US15/178326 % A 2016-06-09

IR EERFOAFE) ZEZTERATF
B (EFIR)A(GR) SAMSUNG DISPLAY CO.LTD.

LFTERIB(ERR)A(E) SAMSUNG DISPLAY CO.LTD.

[FRIRBAA LEE SE HYUN
SHIN CHEOL
CHANG HAK SUN

RHEA LEE, SE HYUN
SHIN, CHEOL
CHANG, HAK SUN

IPCH 35 GO02F1/1343 G02F1/1368 GO3F1/50 G02F1/1337 G02F1/1335 G02F1/13 GO2F1/1362

CPCH¥%S GO02F1/134309 G02F1/1303 G02F1/1368 G02F1/136213 G02F1/1337 G02F2001/134345 G0O2F1
/133514 GO3F1/50 G02F2001/133749 G02F2001/133742 G02F1/133512 G02F1/133707

LR 1020150089558 2015-06-24 KR
H AT SRR US10222659

IEheE Espacenet USPTO

WE(R)

—MBERE TR SEERMREEER ELNWEEBR, GRENEHE
UL HF BRI H PRE RN S M0 X, EPREREREEND
XzE , URETES , HEZISMID X, o<, HPMBEE
HAEREZRRN IO TRE , H BEZMBERREMMEROF IR
PHRED - ML TR RERID R £, FERRILARE.



https://share-analytics.zhihuiya.com/view/eefc1e8e-c4bc-424d-be28-4c91e7ee1ca6
https://worldwide.espacenet.com/patent/search/family/057601264/publication/US2016377941A1?q=US2016377941A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160377941%22.PGNR.&OS=DN/20160377941&RS=DN/20160377941

