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ARRAY SUBSTRATE, METHOD OF 
MANUFACTURING THE ARRAY 

SUBSTRATE, AND LIQUID CRYSTAL 
DISPLAY DEVICE HAVING THE ARRAY 

SUBSTRATE 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 12/413,149, filed on Mar. 27, 2009. This appli 
cation claims priority from and the benefit of Korean Patent 
Application No. 10-2008-0073647, filed on Jul. 28, 2008, 
which is hereby incorporated by reference for all purposes as 
if fully set forth herein. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an array substrate, a 
method of manufacturing the array Substrate, and a liquid 
crystal display (LCD) device having the array substrate. More 
particularly, exemplary embodiments of the present invention 
relate to array Substrate having an improved display quality, a 
method of manufacturing the array Substrate, and an LCD 
device having the array Substrate. 
0004 2. Discussion of the Background 
0005. An LCD device of a mobile patterned vertical align 
ment (mPVA) mode (hereinafter, an mPVALCD device) may 
have an optical mode, in which circular polarization is 
applied, and in which the transmissivity is relatively Superior 
to other modes. 
0006. The mPVA LCD device having the circular polar 
ization optical mode may have disadvantages related to view 
ing properties or contrast ratio compared to a PVA mode in 
which to linear polarization is applied. However, the trans 
missivity of the linear polarization PVA mode may be lower 
than the transmissivity of the circular polarization PVA mode. 
0007 Thus, when a linear polarization optical mode is 
applicable to an mPVA mode, the aperture ratio of a pixel may 
be large, and a liquid crystal director may form an angle of 
about 45 degrees with respect to the polarization axis of a 
polarizer, in order to improve transmissivity. 
0008. However, the linear polarization mPVA modeliquid 
crystal is controlled by a fringe field when a slit portion is 
formed on a common electrode of a color filter substrate. 
Accordingly, the linearpolarization mPVA mode is disadvan 
tageous in that transmissivity may be reduced. 
0009. To overcome these problems, a micro-slit mode, in 
which a slit is formed on a pixel electrode of an array sub 
strate, rather than on the common electrode, may be used. 
However, the micro-slit mode is disadvantageous in that con 
trolling the liquid crystal at edges of micro-slits or between 
the micro-slits formed on the pixel electrode is difficult, and 
the LCD device display quality may be deteriorated thereby. 

SUMMARY OF THE INVENTION 

0010. The present invention provides an array substrate 
having an improved display quality. 
0011. The present invention also provides a method of 
manufacturing the above-mentioned array Substrate. 
0012. The present invention also provides a liquid crystal 
display (LCD) device having the above-mentioned array sub 
Strate. 
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0013 Additional features of the invention will be set forth 
in the description which follows, and in part will be apparent 
from the description, or may be learned by practice of the 
invention. 

0014. The present invention discloses an array substrate 
including a Substrate, a pixel electrode, and a shielding elec 
trode. The Substrate includes a gate line and a data line that 
cross each other and that are insulated from each other, and a 
Switching element connected to the gate line and the data line 
arranged thereon. The pixel electrode includes an outline 
portion, a plurality of connection portions, and a plurality of 
slit portions. The outline portion is arranged on the Substrate 
along the data line and the gate line. The connection portions 
extend in a crossing direction of the data line and a crossing 
direction of the gate line, and connect to the outline portion. 
The connection portions divide a pixel area defined by the 
outline portion into a plurality of domains. The slit portions 
protrude from side surfaces of the connection portions in each 
of the domains, and the slit portions connect to the outline 
portion. The shielding electrode is arranged along the outline 
portions on the data line and the outline portions on the gate 
line to shield the data line and the gate line, respectively. The 
shielding electrode is arranged between the data line and the 
outline portion. 
0015 The present invention discloses a method of manu 
facturing an array Substrate including forming a Switching 
element, a pixel electrode, and a shielding electrode on a 
Substrate. The Switching element is connected to a gate line 
and a data line. The pixel electrode includes an outline portion 
formed on the Substrate along the data line and the gate line, 
a plurality of connection portions dividing a pixel area, which 
are defined by the outline portion, into a plurality of domains. 
The pixel area extends in a crossing direction of the data line 
and a crossing direction of the gate line and connects to the 
outline portion, the connection portions, and a plurality of slit 
portions that protrude from side Surfaces of the connection 
portions in each of the domains, in which the slit portions are 
connected to the outline portion. A shielding electrode is 
formed along the outline portion on the data line and the 
outline portion on the gate line to shield the data line and the 
gate line, respectively, and is disposed between the data line 
and the outline portion. 
0016. The present invention discloses an LCD device 
including a first Substrate, a second Substrate, and a liquid 
crystal layer. The first substrate includes an upper substrate 
and a common electrode. The second Substrate includes a 
lower Substrate, a pixel electrode, and a shielding electrode. 
The lower Substrate has a Switching element connected to a 
gate line, and a data line arranged thereon. The pixel electrode 
includes an outline portion, connection portions, and slit por 
tions. The outline portion is arranged along the data line and 
the gate line thereon. The connection portions extend in a 
direction that crosses the data line and the gate line, respec 
tively, to connect to the outline portion. The slit portions 
protrude from side surfaces of the connection portions to 
connect to the outline portion. The shielding electrode is 
arranged along the outline portion on the data line and the 
outline portion on the gate line to shield the data line and the 
gate line, respectively, and is arranged between the data line 
and the outline portion. The liquid crystal layer is disposed 
between the pixel electrode and the common electrode. 
0017. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
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plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. The patent or application file contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro 
vided by the Office upon request and payment of the neces 
sary fee. 
0019. The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this specification, 
illustrate embodiments of the invention, and together with the 
description serve to explain the principles of the invention. 
0020 FIG. 1 is a plan view showing a liquid crystal display 
(LCD) device according to an exemplary embodiment of the 
present invention. 
0021 FIG. 2 is an enlarged plan view showing an example 
of a pixel area shown as FIG. 1. 
0022 FIG. 3 is a cross-sectional view taken along line I-I' 
in FIG. 2. 
0023 FIG. 4A, FIG. 4B, FIG. 4C, FIG. 4D, FIG.4E, FIG. 
4F, FIG. 4G, FIG. 4H, and FIG. 4I are cross-sectional views 
showing a process for manufacturing the array Substrate 
shown in FIG. 1, FIG. 2, and FIG. 3. 
0024 FIG. 5A is a cross-sectional view taken along line 
II-II in FIG. 2. 
0025 FIG. 5B is a cross-sectional view taken along line 

III-III in FIG. 2. 
0026 FIG. 6 is a cross-sectional view showing movements 
of a liquid crystal layer between the shielding electrode and 
the outline portion of a pixel electrode in FIG. 5A and FIG. 
SB. 
0027 FIG. 7A is an image observing light transmissivity 
of the LCD device in which slit portions are formed in a 
diagonal direction. 
0028 FIG. 7B is an image observing light transmissivity 
of the LCD device shown as FIG. 1, FIG. 2, FIG. 3, FIG. 4, 
FIG. 5A, and FIG. 5B. 
0029 FIG. 8 is a graph representing response time of LCD 
devices shown as FIG. 7A and FIG. 7B; 
0030 FIG.9 is an enlarged plan view showing a pixel area 
of the array substrate of the LCD device according to another 
exemplary embodiment of the present invention. 
0031 FIG. 10 is a cross-sectional view taken along line 
IV-IV in FIG.9. 
0032 FIG. 11A, FIG. 11B, FIG. 11C, and FIG. 11D are 
cross-sectional views showing a process for manufacturing 
the array substrate shown in FIG. 9 and FIG. 10. 
0033 FIG. 12A is an image showing light transmissivity 
of the LCD device having an array substrate identical to the 
array substrate shown as FIG. 9 and FIG. 10 except that a 
pixel electrode does not have an outline portion. 
0034 FIG. 12B is an image showing light transmissivity 
of the LCD device having the array substrate shown in FIG.9 
and FIG. 10. 
0035 FIG. 13 is a graph showing a response time of the 
LCD devices shown in FIG. 12A and FIG. 12B. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

0036. The present invention is described more fully here 
inafter with reference to the accompanying drawings, in 

May 17, 2012 

which example embodiments of the present invention are 
shown. The present invention may, however, be embodied in 
many different forms and should not be construed as limited 
to the example embodiments set forth herein. Rather, these 
example embodiments are provided so that this disclosure 
will be thorough and complete, and will fully convey the 
scope of the present invention to those skilled in the art. In the 
drawings, the sizes and relative sizes of layers and regions 
may be exaggerated for clarity. 
0037. 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. Like numerals refer to 
like elements throughout. As used herein, the term “and/or 
includes any and all combinations of one or more of the 
associated listed items. 
0038. It will be understood that, although the terms first, 
second, third etc. may be used herein to describe various 
elements, components, regions, layers and/or sections, these 
elements, components, regions, layers and/or sections should 
not be limited by these terms. These terms are only used to 
distinguish one element, component, region, layer or section 
from another region, layer or section. Thus, a first element, 
component, region, layer or section discussed below could be 
termed a second element, component, region, layer or section 
without departing from the teachings of the present invention. 
0039 Spatially relative terms, such as “beneath.” “below.” 
“lower,” “above.” “upper and the like, may be used hereinfor 
ease of description to describe one element or feature's rela 
tionship to another element(s) or feature(s) as shown 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 device in the figures is turned 
over, elements described as “below' or “beneath other ele 
ments 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. 
0040. The terminology used herein is for the purpose of 
describing particular exemplary embodiments only and is not 
intended to be limiting of the present 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 presence or addition of one or more other fea 
tures, integers, steps, operations, elements, components, and/ 
or groups thereof. 
0041 Exemplary embodiments of the invention are 
described herein with reference to cross-sectional illustra 
tions that are schematic illustrations of idealized example 
embodiments (and intermediate structures) of the present 
invention. As such, variations from the shapes of the illustra 
tions as a result, for example, of manufacturing techniques 
and/or tolerances, are to be expected. Thus, exemplary 
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embodiments of the present invention should not be con 
Strued as limited to the particular shapes of regions shown 
herein but are to include deviations in shapes that result, for 
example, from manufacturing. For example, an implanted 
region shown 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 shown in the 
figures are schematic in nature and their shapes are not 
intended to show the actual shape of a region of a device and 
are not intended to limit the scope of the present invention. 
0042 Unless otherwise defined, all terms (including tech 
nical and Scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which this invention belongs. It will be further understood 
that terms, such as those defined in commonly used dictio 
naries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. 
0043. Hereinafter, the present invention will be explained 
in detail with reference to the accompanying drawings. 
0044 FIG. 1 is a plan view showing a liquid crystal display 
(LCD) device 100 according to an exemplary embodiment of 
the present invention. 
0045 Referring to FIG. 1, the LCD device 100 according 
to an exemplary embodiment of the present invention 
includes a display panel 10 and a driving part 5. 
0046. The display panel 10 includes an array substrate 
101, an opposite substrate 105, and a liquid crystal layer. The 
array substrate 101 and the opposite substrate 105 opposite to 
each other are joined by a sealing member 102 having a frame 
shape. Liquid crystals are disposed in the space between the 
array substrate 101, the opposite substrate 105, and the seal 
ing member 102 to form the liquid crystal layer. 
0047. The opposite substrate 105 is disposed in a direction 
from the ground, and the array substrate 101 is disposed in a 
direction toward the ground in FIG. 1. 
0048. The opposite substrate 105 may be a color filter 
substrate having an RGB color filter. The array substrate 101 
is an element Substrate being driven through an active matrix 
driving process using a thin-film transistor (TFT) element. 
0049. In addition, the array substrate 101 includes a pixel 
electrode having a micro-slit pattern formed therethrough in 
the LCD device 100, and the opposite substrate 105 includes 
a common electrode having a plate shape formed there 
through. 
0050. The array substrate 101 may have a substantially 
rectangular shape. In this embodiment, a horizontal direction 
of the array substrate 101 is defined as x, and a vertical 
direction of the array substrate 101 is defined as y. 
0051 FIG. 2 is an enlarged plan view showing an example 
of a pixel area shown as FIG. 1. FIG. 3 is a cross-sectional 
view taken along line I-I" in FIG. 2. 
0052 Referring to FIG. 1, FIG. 2, FIG.3, a display device 
100 includes an array substrate 101, an opposite substrate 
105, and a liquid crystal layer 107. 
0053 A plan view of the array substrate 101 is shown in 
FIG. 2, and a cross-sectional view of the array substrate 101, 
the opposite substrate 105, and the liquid crystal layer 107 is 
shown in FIG. 3. 
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0054 Referring to FIG. 1, FIG. 2, and FIG. 3, the array 
substrate 101 according to the present invention includes a 
lower substrate 102, a plurality of gate lines 111, a plurality of 
data lines 115, a switching element 108, a shielding electrode 
160, and a pixel electrode 170. 
0055 FIG. 4A, FIG. 4B, FIG. 4C, FIG. 4D, FIG.4E, FIG. 
4F, FIG. 4G, FIG. 4H, and FIG. 4I are cross-sectional views 
showing a process for manufacturing the array Substrate 101 
as shown in FIG. 1, FIG. 2, and FIG. 3. 
0056 According to a process for manufacturing an array 
Substrate in this exemplary embodiment, a gate metal, which 
may be a two-layer structure formed of aluminum (Al) and 
molybdenum (Mo), is deposited to a thickness of about 3,000 
A via a sputtering process on the lower substrate 102, an 
etching process is performed as shown in FIG. 4A to form the 
gate lines 111 and the gate electrode 112 protruded from the 
gate line 111. The gate lines 111 are parallel with the hori 
Zontal direction to be extended on the lower substrate 102. 
0057 Then, a gate insulation layer 113 and a semiconduc 
tor pattern 114 are formed as shown in FIG.3 and FIG. 4B. 
The gate insulation layer 113, which may beformed of silicon 
nitride (SiNX), is deposited to have a thickness of about 4,500 
A on the gate lines 111. A semiconductor layer, which may be 
made of amorphous silicon (n+ a-Si), is deposited to a thick 
ness of about 2,000 A on the gate insulation layer 113, and an 
amorphous silicon (n+ a-Si) layer doped at a high concentra 
tion is deposited to a thickness of about 500 A on the gate 
insulation layer 113. The amorphous silicon (n+ a-Si) layers 
are etched to form a semiconductor pattern 114. The semi 
conductor pattern 114 is formed on the gate insulation layer 
113 on a location corresponding to the gate electrode 112. 
0058 As shown in FIG.3 and FIG. 4C, a data metal, which 
may be a three-layer structure formed of molybdenum-alu 
minum-molybdenum, is deposited to a thickness of about 300 
A, 2,500 A, and 1,000 A, respectively, on the gate insulation 
layer 113, and is patterned to form the data line 115, the 
source electrode 121, and the drain electrode 123. 
0059. The data lines 115 extend in the vertical direction y 
on the gate insulation layer 113. The source electrode 121 
protrudes from the data line 115 near the point where the gate 
line 111 crosses the data line 115, to extend on the semicon 
ductor pattern 114 on the gate electrode 112. The drain elec 
trode 123 is disposed on the semiconductor pattern 114 oppo 
site to the source electrode 121, and extends on the gate 
insulation layer 113 in a portion of a pixel area PA. 
0060. In this exemplary embodiment, the pixel area PA has 
a Substantially rectangular shape that extends in the Vertical 
direction. Alternatively, the pixel area PA may have a 
Z-shape. Such that the gate line 111 is arranged in the hori 
Zontal direction around the pixel area PA, and the data line 
115 is arranged in the vertical direction around the pixel area 
PA 

0061. When the semiconductor layer and the data metal 
layer are etched by a single etching process, the semiconduc 
tor pattern 114 is formed below the data line 115, the source 
electrode 121, and the drain electrode 123, and is formed on 
the gate line 112 on the gate insulation layer 113. A channel 
region, which is disposed between the source electrode 121 
and the drain electrode 123, is formed semiconductor pattern 
114 using an etch-back process. 
0062. The gate electrode 112, the gate insulation layer 
113, the semiconductor pattern 114, the source electrode 121, 
and the drain electrode 123 compose a Switching element 
108. 
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0063. Then, as shown in FIG. 4D, a first passivation layer 
130 covering the lower substrate 102 having the data line 115 
formed thereon is formed. The first passivation layer 130, 
which may be made of silicon nitride (SiNx), may be depos 
ited to a thickness of about 2,000 A. A contact hole may be 
formed in the first passivation layer 130 to expose a portion of 
the drain electrode 123. 
0064. As shown in FIG. 4E, an organic insulation layer 
140 is formed to a thickness of about 2.0 Lim on the first 
passivation layer 130. A contact hole 143 exposing a portion 
of the drain electrode 123 may be formed in the organic 
insulation layer 140 and the first passivation layer 130. The 
organic insulation layer 140 reduces a parasitic capacitance 
between a pixel electrode 170, which will be described below, 
and the data line 115. When the pixel electrode 170 is formed 
to not overlap with the data line 115, the organic insulation 
layer 140 may be omitted. 
0065. As shown in FIG.4F, the shielding electrode 160 is 
formed on the organic insulation layer 140. The shielding 
electrode 160 may prevent a parasitic capacitance from form 
ing between the data line 115, the gate line 111, and the pixel 
electrode 170. Alternatively, the shielding electrode 160 may 
form a storage capacitor with the pixel electrode 170 to store 
a pixel voltage applied to the pixel electrode 170 for one 
frame. 
0066 An optically transparent and electrically conductive 
material such as indium tin oxide (ITO) or indium zinc oxide 
(IZO) is deposited to a thickness of about 900 A on the organic 
insulation layer 140, and is patterned to form the shielding 
electrode 160. 
0067 FIG. 5A is a cross-sectional view taken along line 
II-II in FIG. 2. FIG. 5B is a cross-sectional view taken along 
line III-III in FIG. 2. 
0068 Referring to FIG. 2, FIG. 5A, and FIG. 5B, the 
shielding electrode 160 is formed on the gate line 111 and the 
data line 115 to shield in the width direction. That is, the 
shielding electrode 160 is formed on the gate line 111 
between the pixel areas PA and the data line 115, and a line 
width of the shielding electrode 160 is wider than that of the 
gate line 111 and the data line 115, respectively. Thus, the 
shielding electrode 160 extends to an edge of the pixel area 
PA. In this exemplary embodiment, the shielding electrode 
160 is formed from the optically transparent and electrically 
conductive material so that an aperture ratio of the pixel area 
PA is not reduced even if the shielding electrode 160 overlaps 
with an edge of the pixel area PA. 
0069. As shown in FIG. 4G, a second passivation layer 165 

is formed on the shielding electrode 160. The second passi 
vation 165 layer may be formed of a material and a thickness 
substantially identical to the first passivation layer 130. A 
contact hole may be formed in the second passivation layer 
165, in which the contact hole is connected to a contact hole 
143 formed in the organic insulation layer 140. 
0070. As shown in FIG. 4H, an optically transparent and 
electrically conductive material such as ITO or IZO is depos 
ited to a thickness of about 900 A on the second passivation 
layer 165, and is patterned to form the pixel electrode 170. 
The pixel electrode 170 is connected to the drain electrode 
123 through the contact hole 143. 
(0071 Referring to FIG. 2, FIG.5A, and FIG.5B, the pixel 
electrode 170 includes an outline portion 175, a connection 
portion 171, and a slit portion 173. The outline portion 175 is 
formed on the second passivation layer 165 and corresponds 
to the edge of the pixel area PA along the gate line 111 and the 
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data line 115. A portion of the outline portion 175 may be 
formed to overlap with the shielding electrode 160 that 
extends to the edge of the pixel area PA in the width direction. 
As shown in FIG. 5A and FIG. 5B, a portion of the outline 
portion 175 may be formed to overlap with the gate line 111 
and the data line 115 in the width direction. 
0072 The connection portions 171 divide the pixel area 
PA into a plurality of domains to connect to the outline portion 
175. The connection portions 171 are disposed in a direction 
crossing an extending direction of the gate line 111 and the 
data line 115, respectively. 
0073. In this exemplary embodiment, as shown in FIG. 2, 
the pixel electrode 170 includes two of the connection por 
tions 171. One connection portion 171 is disposed in a direc 
tion at an angle of 45 degrees with respect to the gate line 111, 
and another connection portion 171 is disposed in a direction 
at an angle of 135 degrees with respect to the gate line 111. 
0074 Two of the connection portions 171 extend to diago 
nal directions of the pixel electrode 170, respectively. Thus, 
the connection portions 171 are disposed in an X-shape. 
Accordingly, the pixel area PA is divided into eight domains 
by the connection portions 171. 
(0075. The slit portions 173 are parallel with each other on 
the pixel area PA domains, respectively. The slit portions 173 
protrude from side surfaces of the connection portion 171 to 
connect to the outline portion 175. The slit portions 173 are 
substantially parallel with the data line 115 on a domain 
contacting the gate line 111, and the slit portions 173 are 
substantially parallel with the gate line 111 on a domain 
contacting the data line 115. 
0076. In this exemplary embodiment, two pixel electrodes 
170 are disposed on one pixel area PA. Two pixel electrodes 
170 are disposed on the data line 115 to connect to each other 
through the outline portion 175. Thus, the length of the hori 
Zontal direction and the length of the vertical direction of the 
pixel electrode 170 are almost identical to each other. Accord 
ingly, the length of the horizontal direction and the length of 
the vertical direction of the slit portions 173 are almost iden 
tical to each other. 
0077. When a data signal is applied from the driving part 5 
to the data line 115, and a gate signal is applied to the gate line 
111, the data signal is applied to the pixel electrode 170 via 
the switching element 108 as a pixel voltage. 
0078. In this exemplary embodiment, a portion of the out 
line portion 175 of the pixel electrode 170 overlaps with the 
data line 115 and the gate 111, but the shielding electrode 160 
forms a parasitic capacitance with the data line 115 and pre 
vents a parasitic capacitance from being formed between the 
pixel electrode 170 and the data line 115, thus preventing a 
distorted data signal. . 
0079 Finally, as shown in FIG. 4I a lower alignment layer 
168 covering the pixel electrode 170 is formed. 
0080. The lower alignment layer 168 and the opposite 
substrate 105, which will be described below, make liquid 
crystal molecules of the liquid crystal layer 107 align in a 
perpendicular direction. That is, the liquid crystal molecules 
are aligned in the direction from the array substrate 101 
toward the opposite substrate 105 in a first stage. 
I0081. The array substrate may further include a lower 
polarizer 30. As shown in FIG. 4I the lower polarizer 30 is 
attached on the lower substrate 102 to be manufactured in the 
array substrate 101. 
I0082. The lowerpolarization axis of the lowerpolarizer 30 
is parallel with extending directions of the connection por 
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tions 171, that is, diagonal directions. Accordingly, the lower 
polarization axis is disposed in a directionatan angle of about 
45 degrees or about 135 degrees with respect to the extending 
direction of the slit portion 173. 
I0083) Referring to FIG. 1, FIG. 2, and FIG.3, the opposite 
substrate 105 may include an upper substrate 104, a light 
blocking pattern 181, a color filter pattern 185, an overcoating 
layer 187, a common electrode 190, an upper alignment layer 
60, and an upper polarizer 70. 
0084. The light-blocking pattern 181 is formed below the 
upper substrate 104 in correspondence with the gate line 111, 
the data line 115, and the switching element 108. Thus, a color 
filter pattern 185 is formed on the upper substrate correspond 
ing to the pixel area PA. A color filter pattern 185 may include, 
for example, ared filter, a greenfilter, and a blue filter. The red 
filter, the green filter, and the blue filter may be disposed in 
order on each pixel area PA in the horizontal direction X. 
0085. The overcoating layer 187 covers the color pattern 
185 and the light-blocking pattern 181, and the common 
electrode 190 is formed on the overcoating layer 187. 
I0086. The upper alignment layer 60 is formed on the com 
mon electrode 190 to vertically align a liquid crystal layer 
107. 
0087. The upper polarizer 70 is attached on the upper 
substrate 104, and apolarization axis of the upperpolarizer 70 
may be substantially perpendicular to a polarization axis of 
the lower polarizer 30. 
0088. In this exemplary embodiment, where micro-slit 
patterns such as the slit portions 173 are formed in the pixel 
electrode 170, a vertically aligned liquid crystal is used. Thus, 
a plurality of domains may be formed in the pixel area PA so 
that side viewing properties of the LCD device 100 may be 
improved. 
0089 FIG. 6 is a cross-sectional view showing movements 
of liquid crystal layer between the shielding electrode and the 
outline portion of a pixel electrode in FIG. 5A or FIG. 5B. 
0090 Referring to FIG. 6, when the pixel voltage is 
applied to the pixel electrode 170, an electric field boundary 
is formed between the shielding electrode 160 and the outline 
portion 175. An edge of the outline portion 175 overlaps with 
an upper portion of the shielding electrode 160 so that a 
horizontal component of the electric field boundary is formed 
stronger than that of an electric field boundary of the other 
portion. Thus, as shown in FIG. 6, it is recognized that a 
direction of liquid crystal molecules on the shielding elec 
trode 160 is close to a horizontal direction. 
0091 That is, a second efficiency of liquid crystal mol 
ecules is increased in a condition where an electric field is 
applied, in which the liquid crystal molecules are placed at an 
edge of the pixel area PA. The second efficiency means a 
movement efficiency in which the liquid crystal molecules 
are rotated from a vertical direction to a horizontal direction. 
0092 Alternatively, a horizontal component of the electric 
field boundary may be substantially parallel with a vertical 
direction at an upper portion of the gate line 111, and may be 
Substantially parallel with a horizontal direction at an upper 
portion of the data line 115. Also, a director of the liquid 
crystal molecules may be arranged in parallel with a length 
direction of the slit portions 173. The slit portions 173 are 
extended to the horizontal direction or the vertical direction 
depending on the domain. 
0093. That is, a horizontal component direction of the 
electric field boundary in which the liquid crystal molecules 
move is Substantially the same as a length direction of the slit 
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portion 173, which guides the director of the liquid crystal 
molecules. Thus, the liquid crystal molecules do not need to 
rotate in a horizontal direction. Accordingly, a third efficiency 
of the liquid crystal molecules is increased. The third effi 
ciency means a rotation efficiency of the liquid crystal mol 
ecules in the horizontal direction. 
0094. Accordingly, the liquid crystal molecules may be 
effectively controlled at the edge of the pixel area PA so that 
texture generation is prevented, and the aperture ratio and 
response time of the liquid crystal molecules may be 
improved. 
0.095 FIG. 7A is an image showing light transmissivity of 
the LCD device in which slit portions 173 are formed in 
diagonal directions. FIG. 7B is an image showing light to 
transmissivity of the LCD device 100 shown as FIG. 1, FIG. 
2, FIG.3, FIG. 4A, FIG. 4B, FIG. 4C, FIG.4D, FIG.4E, FIG. 
4F, FIG. 4G, FIG. 4H, FIG. 4I, FIG. 5A, and FIG. 5B. 
(0096 FIG. 7A and FIG. 7B are images showing light 
transmissivity after an identical time from that when the pixel 
Voltage is applied. A dark portion of the images represents 
that light transmissivity is lower than other portions due to a 
slow response of liquid crystal molecules. 
(0097. As shown in FIG. 7A, the slit portion 173 of the 
LCD device is extended to one of the diagonal directions 
unlike in the present exemplary embodiment. In addition, the 
outline portion 175 connecting to edge portions of the slit 
portion 173 is removed, a shielding electrode 160 as light 
blocking metal is formed on a portion of the pixel area PA 
unlike in the present exemplary embodiment. The LCD 
device is substantially identical to the LCD device 100 of the 
present exemplary embodiment except in the-above men 
tioned manner. 
0098. The image in FIG. 7B is brighter than the image in 
FIG. 7A, and has a uniform luminance. A portion between an 
edge of the pixel area PA and the slit portions 173 is relatively 
darker than the other portion in FIG. 7B. 
0099 FIG. 8 is a graph showing a response time of the 
LCD device shown as FIG. 7A and FIG. 7B. 
0100. A horizontal axis represents an elapsed time after 
applying a pixel Voltage, and a vertical axis represents a light 
transmissivity of a pixel area PA in FIG. 8. Referring to FIG. 
8, it is recognized that a light transmissivity of the LCD 
device described in FIG. 7A, which is represented by the 
dashed line, is substantially lower than light transmissivity of 
the LCD device 100 of the present exemplary embodiment 
described in FIG. 7B, which is represented by the solid line, 
for a substantially identical time. 
0101 That is, the LCD device described in FIG. 7A and 
FIG. 8 does not include the light transmissivity improving 
effect by the outline portion 175 and the shielding electrode 
160 unlike the present exemplary embodiment, and a direc 
tion of the slit portion 173 and a direction of horizontal 
electric field is different from each other in an angle of 45 
degrees so that the second and third efficiency of the liquid 
crystal molecules is low. 
0102 The second and third efficiency of the liquid crystal 
molecules in the LCD device 100 of the present exemplary 
embodiment may be improved by the outline portion 175, the 
shielding electrode 160, and a direction of the slit portion 173 
more than the LCD device described in FIG. 7A and FIG. 8, 
so that the display quality of the LCD device 100 may be 
improved. 
0103 FIG. 9 is an enlarged plan view showing a pixel area 
of the array substrate of the LCD device according to another 
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exemplary embodiment of the present invention. FIG. 10 is a 
cross-sectional view taken along line IV-IV in FIG. 9. 
0104 Referring to FIG. 9 and FIG. 10, an array substrate 
and a process for manufacturing the array Substrate of this 
exemplary embodiment is Substantially identical to the array 
Substrate and the process for manufacturing the array Sub 
strate described in FIG. 1 and FIG. 6, except a size of the pixel 
electrode 370 and an omitted organic insulation layer 140. 
Accordingly, the same reference numerals will be used to 
refer to the same elements as those described, and any 
detailed explanation will be omitted. 
0105. In this exemplary embodiment, wherein the one 
pixel electrode 370 is disposed in the pixel area PA, and along 
side of the pixel electrode 370 is substantially parallel with 
the direction in which the data line 315 extends. The pixel 
electrode is substantially identical to the pixel electrode 170 
described in FIG. 1, FIG. 2, FIG. 3, FIG. 4A, FIG. 4B, FIG. 
4C, FIG. 4D, FIG. 4E, FIG. 4F, FIG. 4G, FIG. 4H, FIG. 4I, 
FIG. 5A, FIG. 5B, and FIG. 6. Thus, the slit portions 373 of 
the vertical direction are longer than the slit portions 373 of 
the horizontal direction. 
01.06 FIG. 11A, FIG. 11B, FIG. 11C, and FIG. 11D are 
cross-sectional views showing a process for manufacturing 
the array substrate shown as FIG. 9 and FIG. 10. 
0107. In a process for forming the array substrate accord 
ing to this exemplary embodiment, the organic insulation 
layer 140 is omitted, and a first passivation layer 330 is 
formed as shown in FIG. 11A, and a shielding electrode 360 
is formed on the first passivation layer 330 as shown in FIG. 
11B. Then, a second passivation layer 365 covering the 
shielding electrode 360 is formed as shown in FIG. 11C. 
Then, the pixel electrode 370 is formed on the second passi 
vation layer 365 and an alignment layer 368 is formed as 
shown in FIG. 11D. 
0108. A process for forming an organic insulation layer 
140 is omitted to reduce a process step in this exemplary 
embodiment. 
0109 The LCD device in this exemplary embodiment is 
substantially identical to the LCD device described in FIG. 1, 
FIG. 2, FIG.3, FIG.4A, FIG.4B, FIG. 4C, FIG.4D, FIG.4E, 
FIG. 4F, FIG. 4G, FIG. 4H, FIG. 4I, FIG. 5A, FIG. 5B, and 
FIG. 6 except having the array substrate in FIG.9 and FIG. 10. 
Accordingly, any detailed explanation will be omitted. 
0110 FIG. 12A is an image showing light transmissivity 
of the LCD device having an array substrate identical to the 
array substrate shown as FIG. 9 and FIG. 10, except that a 
pixel electrode does not have an outline portion. FIG. 12B is 
an image showing light transmissivity of the LCD device 
having the array substrate shown as FIG. 9 and FIG. 10. 
0111. An outline portion 375 connecting to edge portions 
of the slit portion 373 is removed, and a shielding electrode 
360 as light-blocking metal is formed on a portion of the io 
pixel area PA, unlike in the present exemplary embodiment. 
The LCD device is substantially identical to the LCD device 
100 of the present exemplary embodiment except in the 
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above mentioned manner. The image in FIG. 12B is brighter 
than the image in FIG. 12A, and has a uniform luminance. A 
portion between an edge of the pixel area PA and the slit 
portions 373 is relatively darker than the other portion in FIG. 
12A. 
0112 FIG. 13 is a graph representing response time of 
LCD devices shown as FIG. 12A and FIG. 12B. 
0113. A horizontal axis represents an elapsed time after 
applying a pixel Voltage, and a vertical axis represents a light 
transmissivity of a pixel area PA in FIG. 13. Referring to FIG. 
13, it is recognized that after 40 msec from applying a pixel 
voltage a light transmissivity of the LCD device described in 
FIG. 12A, which is represented by the dashed line, is substan 
tially lower than light transmissivity of the LCD device of the 
present exemplary embodiment described in FIG.12B, which 
is represented by the solid line, for a substantially identical 
time. 
0114. That is, the second and third efficiency of the liquid 
crystal molecules in the LCD device of the present exemplary 
embodiment is remarkably improved by the outline portion 
375 and the shielding electrode 360 over the LCD device 
described in FIG. 12A, thus the display quality of the LCD 
device may be improved. 
0.115. It will be apparent to those skilled in the art that 
various modifications and variation can be made in the 
present invention without departing from the spirit or scope of 
the invention. Thus, it is intended that the present invention 
cover the modifications and variations of this invention pro 
vided they come within the scope of the appended claims and 
their equivalents. 
What is claimed is: 
1. An array Substrate comprising: 
a Substrate comprising a gate line and a data line that cross 

each other and that are insulated from each other, and a 
Switching element connected to the gate line and the data 
line; 

a pixel electrode comprising: 
an outline portion arranged on the Substrate along the 

data line and the gate line, 
a plurality of connection portions that extend in a cross 

ing direction of the data line and the gate line, and 
connect to the outline portion, the connection portions 
dividing a pixel area defined by the outline portion 
into a plurality of domains, and 

a plurality of slit portions that protrude from side sur 
faces of the connection portions in each of the 
domains, the slit portions being connected to the out 
line portion; and 

a shielding electrode arranged along the outline portion on 
the data line and the outline portion on the gate line and 
shielding the data line and the gate line, respectively, 
wherein the shielding electrode is arranged between the 
data line and the outline portion. 
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