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A display substrate, a method of fabricating the same, and a
liquid crystal display apparatus having the same. The display
substrate includes a storage electrode extending over first and
second areas formed on a substrate, a insulating layer pattern
formed on the storage electrode, and first and second pixel
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DISPLAY SUBSTRATE, METHOD OF
FABRICATING THE SAME, AND LIQUID
CRYSTAL DISPLAY DEVICE HAVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application relies for priorities upon Korean Patent
Application Nos. 2006-46551 and 2006-71630 filed on May
24,2006 and Jul. 28, 2006, respectively, the contents of which
are herein incorporated by reference in their entireties.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device capable of displaying high-quality images having an
improved display substrate manufacturable with fewer pro-
cess faults.

2. Description of the Related Art

In general, a display device such as a liquid crystal display
device, a plasma display device, or an organic electrolumi-
nescent device, includes a substrate upon which a plurality of
pixel areas are defined.

Each pixel has a pixel electrode to which a voltage that
corresponds to an image to be displayed is applied. The pixel
electrode is obtained by patterning a transparent conductive
layer after depositing the transparent conductive layer on the
substrate. An interlayer, such as an insulating layer, can be
interposed between the substrate and the pixel electrode.
However, if the interlayer has a stepped portion on a surface
thereof, the pixel electrode may represent a defect due to the
stepped portion.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a liquid
crystal display device capable of displaying high-quality
images employs a display substrate that includes a storage
electrode, a insulating layer pattern, and first and second pixel
electrodes. The storage electrode extends over first and sec-
ond areas formed on the substrate. The insulating layer pat-
tern is formed on the storage electrode to cover the substrate
and has an opening at an area corresponding to the storage
electrode. The first and second pixel electrodes are formed on
the insulating layer pattern and positioned on the first and
second areas, respectively. At least one of the first and second
pixel electrodes has at least one recess at an area correspond-
ing to the storage electrode.

According to another aspect of the present invention, a
display substrate includes a storage electrode, a insulating
layer pattern, and first and second pixel electrodes.

The storage electrode extends over first and second areas
formed on a substrate. The insulating layer pattern is formed
on the storage electrode, and has first and second openings at
first and second areas corresponding to the storage electrode.
The first and second pixel electrodes are formed on the insu-
lating layer pattern and positioned on the first and second
areas, respectively.

In still another aspect of the present invention, a method of
fabricating the display substrate is provided. According to the
method, a storage electrode is formed to extend over first and
second areas of a substrate. Then, a gate electrode is formed
on the substrate spaced apart from the storage electrode, and
source and drain electrodes are formed on the gate electrode
spaced apart from each other. A insulating layer pattern is
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formed on the source and drain electrodes having an opening
at an area corresponding to the storage electrode. First and
second pixel electrodes are formed on the insulating layer
pattern and positioned on the first and second areas, respec-
tively. At least one of'the first and second pixel electrodes has
at least one recess at an area corresponding to the storage
electrode.

According to still another aspect of the present invention, a
method of fabricating the display substrate comprises form-
ing a storage electrode on a substrate having first and second
areas such that the storage electrode extends over the first and
second areas of the substrate. Then, a gate electrode is formed
on the substrate such that the gate electrode is spaced apart
from the storage electrode, and source and drain electrodes
are formed on the gate electrode such that the source and drain
electrodes are spaced apart from each other. A insulating layer
pattern is formed on the source and drain electrodes such that
the insulating layer pattern has first and second openings at
the first and second areas corresponding to the storage elec-
trode. First and second pixel electrodes are formed on the
insulating layer pattern corresponding to the first and second
areas, respectively.

According to yet another aspect of the present invention, a
liquid crystal display device includes first and second sub-
strates, a liquid crystal layer, a storage electrode, a insulating
layer pattern, a pixel electrode, and a common electrode. The
first and second substrates face each other. The liquid crystal
layer includes liquid crystal and is interposed between the
first and second substrates. The storage electrodeis formed on
the first substrate. The insulating layer pattern is formed on
the storage electrode, and has an opening at an area corre-
sponding to the storage electrode. The pixel electrode is
formed on the insulating layer pattern. The common electrode
is formed on the second substrate and has a direction control-
ler that controls an alignment direction of the liquid crystal.
The direction controller has a pair of portions symmetrically
positioned at brink portions of the storage electrode while
extending in parallel to a length direction of the storage elec-
trode.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other advantages of the present invention
will become readily apparent by reference to the following
detailed description when considered in conjunction with the
accompanying drawings, in which:

FIG. 1A is a plan view illustrating a display substrate
according to an exemplary embodiment of the present inven-
tion,;

FIG. 1B is a sectional view taken along line I-I' shown in
FIG. 1A;

FIG. 1C s a sectional view taken along line II-II' shown in
FIG. 1A;

FIGS. 2A to 2D are sectional views illustrating the proce-
dure of manufacturing the display substrate in FIG. 1C;

FIG. 3A is a plan view illustrating a display substrate
according to another exemplary embodiment of the present
invention;

FIG. 3B is a sectional view taken along line ITI-I1I' shown
in FIG. 3A;

FIGS. 4A 10 4G are sectional views illustrating the proce-
dure of manufacturing the display substrate in FIG. 3B;

FIG. 5 is a block view of a liquid crystal display device
according to an exemplary embodiment of the present inven-
tion;

FIG. 6 is a view illustrating an equivalent circuit for two
sub-pixels of the liquid crystal display device in FIG. 5;
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FIG. 7 is a view illustrating an equivalent circuit for one
sub-pixel of the liquid crystal display device in FIG. 5;

FIG. 8 is a layout view of the liquid crystal display device
m FIG. 5;

FIGS. 9, 10 and 11 are sectional views taken along lines
IV-IV', V-V' and VI-VI' of the liquid crystal display device in
FIG. 8, respectively;

FIG. 12 is a layout view of a pixel electrode and a common
electrode of the liquid crystal display device in FIG. 8;

FIGS. 13A to 13C are plan views of an electrode member
constituting a sub-pixel electrode shown in FIG. 12;

FIG. 14 1s a layout view illustrating a part of a liquid crystal
display device according to another embodiment of the
present invention; and

FIG. 151s a layout view illustrating a part of a liquid crystal
display device according to still another embodiment of the
present invention.

DESCRIPTION OF THE EMBODIMENTS

FIG. 1A is a plan view illustrating a display substrate
according to an exemplary embodiment of the present inven-
tion.

Referring to FIG. 1A the display substrate 1 has a first area
Al and a second area A2. A storage electrode 20 and a pixel
electrode 60 are formed on the display substrate 1. The stor-
age electrode 20 extends through the first and second areas A1
and A2.

The pixel electrode 60 includes first and second pixel elec-
trodes 61 and 62, which are spaced apart from each other and
positioned on the first and second areas Al and A2, respec-
tively. The pixel electrode 60 is aligned corresponding to a
pixel area, which is a basic area in order to display the image.
The first and second pixel electrodes 61 and 62 may belong to
different pixel areas or the same pixel area. If the first and
second pixel electrodes 61 and 62 belong to the different pixel
areas, the first and second pixel electrodes 61 and 62 may
receive different voltages representing different image infor-
mation. If the first and second pixel electrodes 61 and 62
belong to the same pixel area, they may receive different
voltages that represent the same image information and
which are compensated for each other to display high-quality
images.

If a lengthwise direction of the storage electrode 20 is
assumed as a first direction D1, the pixel electrode 60 is
oriented with respect to the first direction D1 having branches
oriented in second and third directions D2 and D3 that are
symmetrical to each other. At the boundary area between the
first and second areas Al and A2, the first pixel electrode 61
has a convex portion that protrudes in the first direction D1
and the second pixel electrode 62 has a concave portion that is
recessed in the first direction corresponding to the convex
portion. A recess 70, which extends in the first direction D1,
1s formed in the concave portion of the second pixel electrode
62. Preferably, a pair of recesses 70 are provided at both brink
portions of the storage electrode 20 in opposition to each
other.

The first pixel electrode 61 may have a concave portion
formed with the recess 70 while the second pixel electrode 62
may have a convex portion so long as there is at least one
recess that need not be limited to any particular shape or
number thereof.

When the display substrate of the present invention is used
for a liquid crystal display device, a pair of recesses 70 are
preferably formed at the edge portions of storage electrode 20
for ease in controlling the alignment of the liquid crystal, as
will be described later in detail.
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FIG. 1B is a sectional view taken along line I-I' shown in
FIG. 1A. Referring to FIG. 1B, an insulating layer is formed
on the storage electrode 20. The insulating layer has a dual-
layered structure, in which a lower layer includes a transpar-
ent inorganic layer 25 covering the storage electrode 20 and
an upper layer includes a transparent organic layer 45 that is
patterned on the storage electrode 20 such that an opening 50
can be formed in the upper layer. The pixel electrode 60 is
formed on the transparent organic layer 45.

FIG.1C s a sectional view taken along line II-II' shown in
FIG. 1A. The first and second pixel electrodes 61 and 62 are
formed on the storage electrode 20 while being spaced apart
from each other. The space between the first and second pixel
electrodes 61 and 62 may be increased by the presence of a
recess 70. Since the space between electrodes 61 and 62 is
increased by the recess 70, an electric short between the first
and second pixel electrodes 61 and 62 can be prevented when
forming the pixel electrode 60, as will be described in detail
below with reference to a method of manufacturing the dis-
play substrate having the above structure.

FIGS. 2A to 2D are sectional views illustrating a procedure
for manufacturing the display substrate shown in FIG. 1C.
Referring to FIG. 2 A, the storage electrode 20 is formed on a
display substrate 1. The storage electrode 20 can be obtained
by etching a conductive layer formed by depositing a metal
such as copper (Cu), aluminum (Al), silver (Ag) or chrome
(Cr), or an alloy thereof. An inorganic layer 25 is formed on
the storage electrode 20, for example through a plasma
chemical vapor deposition process using silicon nitride so
that layer 25 covers the entire surface of substrate 1. An
organic layer 45 is formed on inorganic layer 25. Acrylic resin
can be used for the organic layer 45. The acrylic resin is
coated and patterned on the inorganic layer 25 so that an
opening 50 is formed in layer 45. Referring to FIG. 2B, a
transparent conductive layer 60' is formed on the organic
layer 45. The transparent conductive layer 60' can be obtained
by depositing indium zinc oxide (IZO) or indium tin oxide
(ITO) through sputtering. In this case, the transparent con-
ductive layer 60' is deposited with a uniform thickness; how-
ever its surface height is steps down near the opening 50. A
photoresist film 80' is coated on the transparent conductive
layer 60" through a spin coating scheme that results in the
thickness of the photoresist film 80" being irregularly formed.

An exposure process is then performed with regard to the
photoresist film 80'. If a positive type photoresist film is used,
a predetermined portion of the photoresist film 80" that cor-
responds to a portion of the transparent conductive layer 60 to
be removed is exposed to light. The light that reaches the
exposure area of the photoresist film 80" has uniform intensity
(see, arrows in FIG. 2B), but the thickness of the photoresist
film 80' is irregular. Accordingly, the light may not reach the
bottom of the photoresist film 80" in a portion of the photore-
sist film 80" having the greater thickness.

For instance, in the portion where the inorganic layer 45 is
formed, the light path corresponds to “L1”. In addition, in the
portion where the opening 50 is formed, the light path corre-
sponds to “L.2” which is longer than “T.1”.

Referring to FIG. 2C, the exposed portion of the photore-
sist film 80' is removed by means of a developer, so that a
photoresist film pattern 80 is formed. Due to the photoresist
film pattern 80, a portion the transparent conductive layer 60’
is exposed.

Dotted lines shown in FIG. 2C represent the residue of the
photoresist film 80' that may remain on the transparent con-
ductive layer 60' because the light does not reach the bottom
of the photoresist film 80' in the exposure process.
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Referring to FIG. 2D, the transparent conductive layer 60'
is etched by using the photoresist film pattern 80 as an etch
mask, thereby forming the pixel electrode 60 including the
first and second pixel electrodes 61 and 62 which are spaced
apart from each other. The recess 70 is formed during the
etching process, providing an interval or space between the
first and second pixel electrodes 61 and 62.

Dotted lines shown in FIG. 2D represent the residue of the
transparent conductive layer 60' that may remain below the
photoresist film 80' because the light does not reach the bot-
tom of the photoresist film 80' in the exposure process. This
portion may overlap an area where the recess 70 is formed.
Thus, if the recess 70 is not formed, the first and second pixel
electrodes 61 and 62 are interconnected so that an electric
short circuit may occur between the first and second pixel
electrodes 61 and 62. That is, the recess 70 prevents the
electric short between the first and second pixel electrodes 61
and 62 when forming the pixel electrode 60, thereby prevent-
ing a process fault.

FIG. 3A is a plan view illustrating a display substrate
according to another exemplary embodiment of the present
invention.

Referring to FIG. 3A, gate line 10, data lines 40, thin film
transistors T1 and T2, and pixel electrode 60 are formed on
the display substrate 1. The gate line 10 cross the data line 40
onthe display substrate 1, thereby forming a plurality of pixel
areas PAs. The pixel areas PAs have the same structure, so the
following description will be focused on one pixel area PA.

The pixel area PA is divided into a first area PA1 and a
second area PA2 and the pixel electrode 60 includes first and
second pixel electrodes 61 and 62 corresponding to the first
and second areas PA1 and PA2. That is, the first pixel elec-
trode 61 is aligned on the first area PA1 and the second pixel
electrode 62 is aligned on the second area PA2 while being
spaced apart from the first pixel electrode 61. A predeter-
mined portion of the first pixel electrode 61 is cut away so that
the pixel electrode 60 has a cutting pattern 65 formed between
the cutting part and the first and second pixel electrodes 61
and 62.

A voltage is applied to the pixel electrode 60. Different
voltages may be applied to the first and second pixel elec-
trodes 61 and 62 such that the operational characteristics of
the first and second pixel electrodes 61 and 62 can be com-
pensated. To this end, first and second thin film transistors T1
and T2 corresponding to the first and second pixel electrodes
61 and 62, respectively are provided.

The first thin film transistor T1 includes a first gate elec-
trode 11g, a first source electrode 41s and a first drain elec-
trode 41d. The gate line 10 includes a first gate line 11 and a
second gate line 12. The first gate electrode 11g branches
from the first gate line 11. The first source electrode 41s
branches from the data line 40. The first drain electrode 414 is
spaced apart from the first source electrode 41s and is elec-
trically connected to the first pixel electrode 61 through a first
contact hole hl.

The second thin film transistor T2 includes a second gate
electrode 12g, a second source electrode 42s and a second
drain electrode 42d. The second gate electrode 12g branches
from the second gate line 12. The second source electrode 425
branches from the data line 40. The second drain electrode
42d is spaced apart from the second source electrode 425 and
is electrically connected to the second pixel electrode 62
through a second contact hole h2.

The storage electrode 20 is formed at the center of the pixel
area PA. The storage electrode 20 extends over the first and
second pixel areas PA1 and PA2. A insulating layer pattern
(see, reference numeral 50 in FIG. 3B) is formed on the
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storage electrode 20 so as to cover the entire surface of the
display substrate 1. The insulating layer pattern has openings
51 and 52 formed on the storage electrode 20. The openings
51 and 52 include the first opening 51 positioned in the first
area PA1 and the second opening 52 positioned in the second
area PA2. The insulating layer pattern, except for the first and
second openings 51 and 52, covers a predetermined portion of
the storage electrode 20 as well as the boundary area between
the first and second pixel electrodes 61 and 62.

FIG. 3B is a sectional view taken along line III-I1I' shown
in FIG. 3A.

Referring to FIG. 3B, the first gate electrode 11g, the
storage electrode 20 and the second gate electrode 12g are
formed on the predetermined portion of the display substrate
1 while being spaced apart from each other. A gate-insulting
layer 21 is formed on the first gate electrode 11g, the storage
electrode 20 and the second gate electrode 12¢ in such a
manner that the gate-insulating layer 21 can cover the entire
surface of the display substrate 1.

A first semiconductor pattern 31, the first source electrode
41s and the first drain electrode 414 are formed on the gate-
insulating layer 21. The first semiconductor pattern 31, the
first source electrode 41s and the first drain electrode 414
cover the first gate electrode 11g and constitute the first thin
film transistor T1. The first semiconductor pattern 31 includes
a first active pattern 31¢ and a first ohmic contact pattern 315
formed on the first active pattern 31a. The first ohmic contact
pattern 315 is divided along the first source electrode 415 and
the first drain electrode 41d.

In addition, a second semiconductor pattern 32, the second
source electrode 425 and the second drain electrode 424 are
formed on the gate-insulating layer 21. The second semicon-
ductor pattern 32, the second source electrode 42s and the
second drain electrode 424 cover the second gate electrode
12¢ and constitute the second thin film transistor T2. The
second semiconductor pattern 32 includes a second active
pattern 32a and a first second contact pattern 325 formed on
the second active pattern 32a. The second ohmic contact
pattern 324 is divided along the second source electrode 42s
and the second drain electrode 424.

A passivation layer 43 is formed on the first and second thin
film transistors T1 and T2 such that the passivation layer 43
covers the entire surface of the display substrate 1. A insulat-
ing layer pattern 50 is formed on the passivation layer 43. The
passivation layer 43 and the insulating layer pattern 50 have
first and second contact holes hl and h2. A predetermined
area ofthe first drain electrode 414 is exposed through the first
contacthole hl and a predetermined area of the second drain
electrode 424 is exposed through the second contact hole h2.

The pixel electrode 60 is formed on the insulating layer
pattern 50. The first pixel electrode 61 is formed on the first
area PA1 and is electrically connected to the first thin film
transistor T1. The second pixel electrode 62 is formed on the
second area PA2 and is electrically connected to the second
thin film transistor T2. The insulating layer pattern 50 covers
the storage electrode 20 in a boundary area between the first
and second pixel electrodes 61 and 62.

The gate-insulating layer 21 and the passivation layer 43
are formed between the storage electrode 20 and the first and
second pixel electrodes 61 and 62, thereby forming a storage
capacitor. The insulating layer pattern 50 has a thickness of
about few micrometers. Since a predetermined portion of the
insulating layer pattern 50 is removed at an area where the
openings 51 and 52 are formed, the interval or gap between
the storage electrode 20 and the first and second pixel elec-
trodes 61 and 62 may be reduced. As a result, the capacitance
of the storage capacitor may increase, improving the opera-
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tional characteristics of the storage capacitor. Hereinafter, a
method of fabricating the display substrate having the above
structure will be described.

FIGS. 4A 10 4G are sectional views illustrating the proce-
dure of manufacturing the display substrate in FIG. 3B.

Referring to FIG. 4A, a gate conductive layer is formed on
the display substrate 1 and then the gate conductive layer is
patterned to form the first gate electrode 11g, the storage
electrode 20 and the second gate electrode 12g. The gate
conductive layer can be obtained by depositing a metal
including copper (Cu), aluminum (Al), silver (Ag) or chrome
(Cr), or an alloy thereof. The gate conductive layer can be
etched through a wet etching process using an etchant.

Referring to FIG. 4B, the gate insulating layer 21 1s formed
onthe first gate electrode 11g, the storage electrode 20 and the
second gate electrode 12g. The gate-insulating layer 21 is
formed through a plasma chemical vapor deposition process
using inorganic compound, such as silicon nitride, such that
the gate-insulating layer 21 covers the entire surface of the
display substrate 1.

A semiconductor layer 30' and a data conductive layer 40'
are formed on the gate-insulating layer 21. The semiconduc-
tor layer 30" can be formed through a plasma chemical vapor
deposition process using an amorphous silicon layer such that
the semiconductor layer 30' covers the entire surface of the
display substrate 1. The semiconductor layer 30" includes an
active layer 30a" and an ohmic contact layer 304" formed on
the active layer 30¢'. The ohmic contact layer 304" includes
dopants. The method of forming the data conductive layer 40’
is similar to that of the gate conductive layer.

A first photoresist film pattern 91 is formed on the data
conductive layer 40'. In order to obtain the first photoresist
film pattern 91, a photoresist film is formed on the data
conductive layer 40' and then the exposure and development
process is performed with respect to the photoresist film.

The first photoresist film layer pattern 91 has a variable
thickness. That is, the first photoresist film layer pattern 91
has a first thickness t1 at the first and second gate electrodes
11g and 12g and a second thickness t2 near the brink portion
of the first and second gate electrodes 11g and 12g. The
second thickness 2 is greater than the first thickness t1. The
data conductive layer 40' formed on the storage electrode 20
is exposed through the first photoresist film pattern 91.

In order that the photoresist film pattern 91 have a variable
thickness, a slit mask or a halftone photo mask is used in the
exposure process. The slit mask or the halftone mask has a
transmissive area, a non-transmissive area and an intermedi-
ate area. In the intermediate area, an interval between the slits
is adjusted or a halftone material is used such that the light can
partially pass through the intermediate area, so the photoresist
film is exposed by the light partially passed. As a result, a
photoresist film pattern having a mean thickness is formed at
an area cotresponding to the intermediate area.

Referring to FI1G. 4C, the data conductive layer 40' and the
semiconductor layer 30' are etched by using the first photo-
resist film pattern 91 as an etch mask. The method of etching
the data conductive layer 40' is identical to that of the gate
conductive layer. As a result, a data conductive layer pattern
40" is formed. In addition, a preliminary semiconductor layer
pattern 30" is formed as the semiconductor layer 30" has been
etched. The preliminary semiconductor layer pattern 30"
includes a preliminary active pattern 30a" and a preliminary
ohmic contact pattern 305". The preliminary semiconductor
layer pattern 30" and the data conductive layer pattern 40"
have the same configuration and are overlapped with each
other.
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A second photoresist film pattern 92 is formed by uni-
formly removing the first photoresist film pattern 91 by an
amount of the first thickness t1. The second photoresist film
pattern 92 has a thickness corresponding to the differential
thickness between the second thickness t2 and the first thick-
ness t1, and the data conductive layer pattern 40" covering the
first and second gate electrodes 11g and 12g is exposed
through the second photoresist film pattern 92.

Referring to FIG. 4D, the data conductive layer pattern 40"
is etched by using the second photoresist film pattern 92 as an
etch mask. As a result, the first source electrode 41s and the
first drain electrode 41d are formed on the first gate electrode
11g and the second source electrode 42s and the second drain
electrode 424 are formed on the second gate electrode 12g.

In addition, the preliminary semiconductor layer pattern
30" is etched again to form first and second semiconductor
patterns 31 and 32. When the preliminary semiconductor
layer pattern 30" is etched again, the first ohmic contact
pattern 315 divided into two parts is formed in the first semi-
conductor pattern 31, and the second ohmic contact pattern
324 divided into two parts is formed in the second semicon-
ductor pattern 32.

In this manner, the first and second thin film transistors T1
and T2 are formed together with the first and second semi-
conductor patterns 31 and 32. In order to form the first and
second thin film transistors T1 and T2, the first and second
semiconductor patterns 31 and 32, the first and second source
electrodes 41s and 42s, and the first and second drain elec-
trodes 414 and 424 are formed by using the same photo mask.
As aresult, the process steps and the manufacturing cost for
the first and second thin film transistors T1 and T2 can be
reduced.

Referring to FIG. 4E, the passivation layer 43 and the
insulating layer pattern 50 are formed on the first and second
thin film transistors T1 and T2. The passivation layer 43 is
formed through a process the same as the process of forming
the gate insulating layer 21. The insulating layer pattern 50
can be obtained by coating and patterning acrylic resin.

The passivation layer 43 and the insulating layer pattern 50
are patterned such that first and second contact holes h1 and
h2 are formed therein. The insulating layer pattern 50 has first
and second openings 51 and 52 atan area corresponding to the
storage electrode 20.

The passivation layer 43 and the insulating layer pattern 50
may be formed by using the same photo mask. That is, after
coating the passivation layer 43 and the organic layer, photo
and development processes are performed. At this time, the
insulating layer is completely removed at an area where the
first and second contact holes h1 and h2 are formed later such
that the passivation layer 43 can be exposed. In addition, the
insulating layer is partially removed at an area where the first
and second openings 51 and 52 are formed later such that the
passivation layer 43 is not exposed. Then, a dry etching pro-
cess is performed so as to remove the exposed passivation
layer43, thereby forming the first and second contact holes h1
and h2. At the same time, the insulating layer remaining on
the storage electrode 20 is removed, thereby forming the first
and second openings 51 and 52.

Referring to FIG. 4F, a transparent conductive layer 60' is
formed on the insulating layer pattern 50. The transparent
conductive layer 60' is formed through a deposition process,
such as sputtering. The transparent conductive layer 60' is
deposited with a uniform thickness, so the surface height
thereof is irregularly formed.

A photoresist film 93'is coated on the transparent conduc-
tive layer 60' through a spin coating process. In this case, the
photoresist film 93" is uniformly formed regardless of the
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surface height of the transparent conductive layer 60", so the
thickness of the photoresist film 93" is irregularly formed.

Then, the exposure process is performed with regard to the
photoresist film 93'. If a positive type photoresist film is used,
a predetermined area of the photoresist film 93' that corre-
sponds to a predetermined portion of the transparent conduc-
tive layer 60" to be removed is exposed to light. The light that
reaches the exposure area of the photoresist film 93' has
uniform intensity (see, arrows in FIG. 4F), but the thickness
of the photoresist film 93' is irregular. Accordingly, the light
may not reach the bottom of the photoresist film 93' in the
exposure area of the photoresist film 93' having the greater
thickness.

For instance, in the area where the insulating layer pattern
50 is formed on the storage electrode 20, the light path cor-
responds to “L.17. If the insulating layer pattern 50 is opened,
the light path may increase to “L1+1.2”.

Referring to FIG. 4G, the exposed portion of the photore-
sist film 93" is removed through a development process, and
the transparent conductive layer 60' is etched by using the
remaining part as an etch mask, thereby forming the pixel
electrodes 60. The pixel electrodes 60 includes first and sec-
ond pixel electrodes 61 and 62, which are separated from each
other on the storage electrode 20.

However, as mentioned above with reference to FIG. 4F,
the light does not reach the bottom of the exposed area of the
photoresist film 93" if the expose area has the greater thick-
ness, so that some of the photoresist film 93" may remain in the
exposed area. In this case, the transparent conductive layer 60’
also remains below the photoresist film 93'. If the insulating
layer pattern 50 formed on the storage electrode 20 is com-
pletely opened, the photoresist film 93' may not be completely
exposed to the light in the corresponding area, so that the
transparent conductive layer 60' may remain below the pho-
toresist film 93'.

If the transparent conductive layer 60' remains in this man-
ner during the etching process, an electric short may occur
between the first and second pixel electrodes 61 and 62.
According to the present invention, a predetermined area
corresponding to the boundary area between the first and
second pixel electrodes 61 and 62 is covered with the insu-
lating layer pattern 50, thereby preventing the electric short
from occurring between the first and second pixel electrodes
61 and 62.

Meanwhile, the size of the insulating layer pattern 50 cov-
ering the first and second pixel electrodes 61 and 62 may be
reduced within a predetermined range that does not cause the
electric short. In this case, the capacitance value of the storage
capacitor may be increased so that the operational character-
istics of the storage capacitor can be improved. For example,
the thickness of the insulating layer pattern 50 is slightly
reduced, or the insulating layer pattern 50 is smoothly
inclined along the first and second openings 51 and 52 at the
area where the insulating layer pattern 50 covers the first and
second pixel electrodes 61 and 62.

Hereinafter, description will be made in relation to a liquid
crystal display device employing the above-mentioned dis-
play substrate.

FIG. 5 is a block view of the liquid crystal display device
according to an exemplary embodiment of the present inven-
tion, and FIG. 6 is a view illustrating an equivalent circuit for
two sub-pixels of the liquid crystal display device in FIG. 5.

As shown in FIG. 5, the liquid crystal display device
according to one embodiment of the present invention
includes a liquid crystal panel assembly 700, a gate driver 400
connected to the liquid crystal panel assembly 700, a data
driver 500 connected to the liquid crystal panel assembly 700,
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agray scale voltage generator 800 connected to the data driver
500, and a signal controller 600 that controls the operation of
the above elements.

In the equivalent circuit, the liquid crystal panel assembly
700 is connected to a plurality of signal lines (not shown) and
includes a plurality of pixels PXs that are aligned in the form
of a matrix. In addition, referring to FIG. 6, the liquid crystal
panel assembly 700 includes bottom and top display panels
100 and 200 that faces each other and a liquid crystal layer
300 interposed between the bottom and top display panels
100 and 200.

The signal lines include a plurality of gate lines (not
shown) transferring gate signals (scan signals) and a plurality
of data lines (not shown) transferring data signals. The gate
lines extend in the row direction in parallel to each other, and
the data lines extend in the column direction in parallel to
each other.

Each pixel PX includes a pair of sub-pixels and each sub-
pixel includes a liquid crystal capacitor Clea or Cleb. At least
one of the sub-pixels includes a switching device (not shown)
connected to the gate line, the data line and the liquid crystal
capacitor Clca or Clch.

The liquid crystal capacitor Clca or Cleb adopts a sub-pixel
electrode PEa or PED of the bottom display panel 100 and a
common electrode CE of the top display panel 200 as termi-
nals thereof, and the liquid crystal layer 300 interposed
between the sub-pixel electrode PEa or PEb and the common
electrode CE may serve as a dielectric substance. The sub-
pixel electrodes PEa and PEb are separated from each other
while forming a pixel electrode PE. The common electrode
CE is formed on the entire surface of the top display panel 200
and receives the common voltage Vcom. The liquid crystal
layer 300 has a negative anisotropic dielectric constant, and
liquid crystal molecules of the liquid crystal layer 300 are
aligned such that long-axes thereof are arranged vertically to
the surface of the bottom and top display panels 100 and 200
when the electric field is not applied thereto.

Each pixel PX uniquely displays one of primary colors
(spatial division) or the pixels PXs alternately display the
primary colors according to time (time division), thereby
displaying the desired colors. The primary colors include
three primary colors of light, such as red, green and blue. FIG.
6 shows an example of the spatial division in which each pixel
PX is provided with a color filter CF on a predetermined area
of the top display panel 200 in order to represent one of the
primary colors. Different from FIG. 6, the color filter CF can
be formed above or below of the sub-pixel electrode PEa or
PEDb of the bottom display panel 100.

Polarizers (not shown) are attached to outer portions of the
bottom and top display panels 100 and 200, respectively.
Polarizing axes ofthe polarizers may cross perpendicularly to
each other. In the absence of an applied electric field, the light
incident into the liquid crystal layer 300 may not be transmit-
ted to the exterior. If a reflective-type liquid crystal display
device is used, one of the polarizers can be omitted.

Referring again to FIG. 5, the gray scale voltage generator
800 generates gray scale voltages (or reference gray scale
voltages) related to the transmittance of the pixel PX.

The gate driver 400 is connected to the gate line of the
liquid crystal panel assembly 700 so as to apply the gate
signal Vg, which is a combination of the gate on voltage Von
and the gate off voltage Voff, to the gate line.

The data driver 500 is connected to the data line of the
liquid crystal panel assembly 700 so as to select the gray scale
voltages generated from the gray scale voltage generator 800
and then apply the selected gray scale voltage to the data line
as a data signal. However, if the gray scale voltage generator



US 7,847,907 B2

11

800 only provides a predetermined number of reference gray
scale voltages without providing gray scale voltages for all
gray scales, the data driver 500 divides the reference gray
scale voltages, thereby creating gray scale voltages for all
gray scales and selecting the data signals from among the gray
scale voltages.

The signal controller 600 controls the operation of the gate
driver 400 and the data driver 500.

Each of the above driving devices 400,500, 600 and 800 is
directly mounted on the liquid crystal panel assembly 700 in
the form of an IC chip, or mounted on a flexible printed circuit
film (not shown) so as to be attached to the liquid crystal panel
assembly 700 in the form of a TCP (tape carrier package). In
addition, the above driving devices 400, 500, 600 and 800 can
be mounted on a separate printed circuit board (not shown).
Furthermore, each of the above driving devices 400, 500, 600
and 800 can be integrated on the liquid crystal panel assembly
700 in the form of a single chip. In this case, at least one of the
above driving devices 400, 500, 600 and 800 or at least one of
circuit devices constituting the above device devices can be
provided outside of the single chip.

Hereinafter, the liquid crystal panel assembly according to
one embodiment of the present invention will be described in
detail with reference to FIGS. 7 to 13C and FIGS. 5 and 6.

FIG. 7 is a view illustrating an equivalent circuit for one
sub-pixel of the liquid crystal display device in FIG. 5; Refer-
ring to FIG. 7, a plurality of pixels PXs are connected to signal
lines including a plurality of gate lines GLa and GLb, data
lines DLs and storage lines SLs.

Each pixel PX includes a pair of sub-pixels PXa and PXb,
and each sub-pixel PXa/PXb includes a switching device
Qa/Qb connected to the gate line GLa/GLb and the data line
DL, a liquid crystal capacitor Clca/Clch connected to the
switching device Qa/Qb, and a storage capacitor Csta/Cstb
connected to the switching device Qa/Qb and the storage line
SL.

Each switching device Qa/Qb includes a three-terminal
device, such as a thin film transistor provided in the bottom
display panel 100, in which a control terminal thereof is
connected to the gate line GLa/GLb, an input terminal thereof
is connected to the data line DL, and an output terminal
thereofis connected to the liquid crystal capacitor Cleca/Clch
and the storage capacitor Csta/Cstb.

The storage capacitor Csta/Cstb supporting the liquid crys-
tal capacitor Clca/Cleb can be obtained by overlapping the
storage line SL with the pixel electrode PE on the bottom
display panel 100 while interposing an insulator therebe-
tween. A predetermined voltage, such as a common voltage
Veom, is applied to the storage line SL. In addition, the
storage capacitor Csta/Cstb can be obtained by overlapping
the sub-pixel electrode PEa or PEb with a front gate line,
which is aligned on the very upper portion of the sub-pixel
electrode PEa or PEb, while interposing an insulator therebe-
tween.

The liquid crystal capacitor Clca/Cleb has already been
described above, so the detailed description thereof will be
omitted below.

According to the liquid crystal display device including the
above liquid crystal panel assembly, the signal controller 600
receives input image signals R, G and B for one pixel PX and
converts the input image signals R, G and B into an output
image signal DAT to transmit the output image signal DAT to
the data driver 500, In contrast, the gray scale voltage gen-
erator 800 creates gray scale voltage groups for two pixels
PXa and PXb so as to alternately provide the gray scale
voltage groups to the data driver 500. In this case, the data
driver 500 can apply different voltages to the two pixels PXa
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and PXb by alternately selecting the gray scale voltage
groups. At this time, preferably, the image signal is corrected
or the gray scale voltage group is created such that the com-
pound gamma curve for the two pixels PXa and PXb approxi-
mates to the reference gamma curve at the front of the liquid
crystal panel assembly. For instance, the compound gamma
curve matches with the reference gamma curve, which is
preliminarily established suitable for the liquid crystal panel
assembly, at the front of the liquid crystal panel assembly. In
addition, the compound gamma curve at the lateral side of the
liquid crystal panel assembly approximates to the reference
gamma curve at the front of the liquid crystal panel assembly.

Hereinafter, an example of the liquid crystal display device
shown in FIG. 7 will be described in detail with reference to
FIGS. 7 to 11.

FIG. 8 is a layout view of the liquid crystal device in FIG.
5,and F1GS. 9, 10 and 11 are sectional views taken along lines
IV-IV, V-V' and VI-VT of the liquid crystal display device in
FIG. 8, respectively.

Referring to FIGS. 8 to 11, the liquid crystal panel assem-
bly according to the present invention includes a bottom
display panel 100, a top display panel 200 facing the bottom
display panel 100 and a liquid crystal layer 300 interposed
between the bottom and top display panels 100 and 200.

First, the description will be made relative to the bottom
display panel 100.

A plurality of gate conductors including plural pairs of gate
lines 121a and 1215 and a plurality of storage electrode lines
131 are formed onan insulating substrate 110 including trans-
parent glass or plastic.

The first and second gate lines 121a and 1215 transfer gate
signals and mainly extend in the transverse direction while
being positioned upper and lower portions of the insulating
substrate 110.

The first gate line 121¢ includes a plurality of first gate
electrodes 124a protruding upward and a wide end portion
1294 that makes connection with other layers or the gate
driver 400. The second gate line 1215 includes a plurality of
second gate electrodes 1245 protruding upward and a wide
end portion 1295 that makes connection with other layers or
the gate driver 400. If the gate driver 400 is directly integrated
on the substrate 110, the first and second gate lines 121a and
1215 may directly connect with the gate driver 400.

The storage electrode lines 131 receive a predetermined
voltage, such as a common voltage Vecom, and mainly extend
in the transverse direction. The storage electrode lines 131 are
interposed between the first and second gate lines 121a and
1215. Each storage electrode line 131 includes a plurality of
storage electrodes 137, which are vertically expanded. How-
ever, the shape and the alignment of the storage electrode 137
and the storage electrode line 131 can be variously modified.

The gate conductors 121a, 1215 and 131 include alumi-
num-based metals, such aluminum (Al) and an aluminum
alloy, silver-based metals, such as silver (Ag) and a silver
alloy, copper-based metals, such as copper (Cu) and a copper
alloy, molybdenum-based metals, such as molybdenum (Mo)
and a molybdenum alloy, chrome (Cr), tantalum (Ta), or
titanium (T1). In addition, the gate conductors 1214, 1215 and
131 may have a multi-layer structure including two conduc-
tive layers (not shown) having different physical properties.
In this case, one of the gate conductors 121a, 121 and 131 is
made from metals having low resistivity so as to reduce the
signal delay or the voltage drop. For instance, the metals
include aluminum-based metals, silver-based metals, or cop-
per-based metals. In contrast, the other gate conductors are
made from materials representing superior physical, chemi-
cal and electrical contact characteristics relative to indium



US 7,847,907 B2

13

zinc oxide and indium tin oxide. For instance, the materials
include molybdenum-based metals, chrome (Cr), tantalum
(Ta), or titanium (Ti). Preferably, a combination of a chrome
lower layer and an aluminum (aluminum alloy) upper layer,
or a combination of an aluminum (aluminum alloy) lower
layer and a molybdenum (molybdenum alloy) upperlayer can
be employed. Besides above, the gate conductors 121, 1215
and 131 can be formed by using various metals or conductive
materials.

Lateral sides of the gate conductors 121a, 1215 and 131 are
inclined relative to the surface of the substrate 110. Prefer-
ably. the inclination angle is in a range of about 30° to about
80°.

The gate insulating layer 140 including SiNx or SiOx is
formed on the gate conductors 121a, 12156 and 131.

A plurality of first and second island type semiconductors
1544 and 1544 including hydrogenated amorphous silicon
(hereinafter, referred to as amorphous silicon or a-Si) or poly-
silicon are formed on the gate insulating layer 140. The first
and second island type semiconductors 154a and 1545 are
aligned on the first and second gate electrodes 124a and 1245,
respectively.

Island type ohmic contacts 163¢ and 165a are formed on
the first and second island type semiconductors 154a and
1545. The island type ohmic contacts 163¢ and 1654 can be
formed by using n+ hydrogenated amorphous silicon doped
with high-density n-type impurities, such as phosphorous, or
silicide. Pairs of the island type ohmic contacts 163a and
165¢ are formed on the first and second island type semicon-
ductors 1544 and 1545.

Lateral sides of the island type semiconductors 154a and
1545 and ohmic contacts 163a and 1654 are inclined relative
to the surface of the substrate 110. Preferably, the inclination
angle is in a range of about 30° to about 80.

A dataconductorincluding a plurality of data lines 171 and
plural pairs of first and second drain electrodes 175a and 1755
is formed on the island type ohmic contacts 163a and 165
and the gate-insulating layer 140.

The data lines 171 transfer data signals and mainly extend
in the longitudinal direction while crossing the gate lines
121a and 1215 and the storage electrode line 131. Each data
line 171 may not linearly extend on the same line, but is tilted
at least two times.

Each data line 171 includes plural pairs of first and second
source electrodes 1734 and 173b extending toward the first
and second gate electrodes 124a and 1245 and a wide end
portion 179 that makes connection with other layers or the
data driver 500. If the data driver 500 is directly integrated on
the substrate 110, the data lines 171 may directly connect with
the data driver 500.

The first and second drain electrodes 175a and 1755 are
separated from each other while being separated from the
data lines 171.

The first/second drain electrode 175a/1755 faces the first/
second source electrode 173a/1735 on the first/second gate
electrode 124a/124b, and a bar-shaped end portion thereof is
partially surrounded by the tilted first and second source
electrodes 173a and 1734.

The first/second gate electrode 124a/124b, the first/second
source electrode 173a/1735b, and the first/second drain elec-
trode 175a/175b constitute the first/second thin film transistor
Qa/Qb together with the first and second semiconductor
1544/154b. A channel of the first/second thin film transistor
Qa/Qb is formed in the first and second semiconductor 154a/
1545 between the first/second source electrode 173a/1735
and the first/second drain electrode 175a/175b.
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Preferably, the data conductors 171, 175a and 1754 include
refractory metals, such as molybdenum, chrome, tantalum
and titanium, or an alloy thereof. In addition, the data con-
ductors 171, 175q and 1756 may have a multi-layer structure
including a refractory metal layer (not shown) and a low-
resistance conductive layer (not shown). For instance, the
data conductors may have a triple-layer structure consisting
of a lower layer including chrome or molybdenum (alloy), an
intermediate layer including aluminum (alloy), and an upper
layer including molybdenum (alloy). Besides above, the data
conductors 171, 175¢ and 175b can be formed by using
various metals or conductive materials.

Lateral sides of the data conductors 171, 1754 and 1755 are
inclined relative to the surface of the substrate 110. Prefer-
ably, the inclination angle is in a range of about 30° to about
80°.

The ohmic contacts 163a and 165a may remain between
the semiconductors 154q and 1544 and data conductors 171,
175a and 175b so as to reduce contact resistance therebe-
tween. The semiconductors 154a and 1545 have exposed
portions that are not covered with the data conductors 171,
175a and 1755. For example, the semiconductor 154a has the
exposed portion between the source electrode 1734 and the
drain electrode 175a.

A passivation layer 180 including a insulating layer pattern
is formed on the data conductors 171, 175« and 1754 and the
exposed portions of the semiconductors 154a and 1545. The
passivation layer 180 is made from inorganic insulating mate-
rials or organic insulating materials. The surface of the pas-
sivation layer 180 is planarized. Preferably, the organic mate-
rial has a dielectric constant of 4.0 or less and may have
photosensitivity. The passivation layer 180 may have a dual-
layer structure including a lower inorganic layer and an upper
organic layer in order that the passivation layer 180 can rep-
resent superior insulating characteristics of the organic layer
without exerting bad influence upon the exposed portions of
the semiconductors 154a and 1545,

The passivation layer 180 is formed with a plurality of
contact holes 182, 1854 and 1855 through which the end
portion 179 of the dataline 171 and one portion of the firstand
second drain electrodes 175¢ and 1755 are exposed. In addi-
tion, a plurality of contact holes 181a and 1815 are formed in
the passivation layer 180 and the gate-insulating layer 140 so
as to expose the end portions 129a and 1295 of the gate lines
121a and 1215. In addition, an opening 186 is formed in the
passivation layer 180 corresponding to the storage electrode
137.

A plurality of pixel electrodes 191 and contact assistants
981a, 9815 and 982 are formed on the passivation layer 180.
The pixel electrodes 191 and contact assistants 981a, 9815
and 982 may include transparent conductive materials, or
reflective metals, such as aluminum, silver, chrome or an
alloy thereof.

Each pixel electrode 191 includes a pair of first and second
sub-pixel electrodes 191a and 1915, which are separated
from each other.

The first sub-pixel electrode 191a is connected to the first
drain electrode 1754 through the contact hole 185a, and the
second sub-pixel electrode 1915 is connected to the second
drain electrode 1755 through the second drain electrode 1755.

The pixel electrode 191 is overlapped with the dataline 171
while interposing the passivation layer 180 therebetween.
The data lines 171 are overlapped with all adjacent pixel
electrodes 191.

Hereinafter, the structure of the pixel electrode of the liquid
crystal panel assembly will be described in detail with refer-
ence to FIGS. 12 and 13A to 13C.
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FIG. 12 is a layout view of the pixel electrode and the
common electrode of the liquid crystal display device in FIG.
8, and FIGS. 13A to 13C are plan views of an electrode
member constituting a sub-pixel electrode in FIG. 12.

As shown in FIG. 12, each pixel electrode 191 of the liquid
crystal panel assembly according to the present invention
includes a pair of first and second sub-pixel electrodes 1915
and 1915, which are separated from each other. The first
sub-pixel electrode 1914 is adjacent to second sub-pixel elec-
trode 1915 in the row direction. Cutout sections 9914 and
9915 are formed in the first and second sub-pixel electrodes
191¢ and 1915, respectively. The common electrode 270 (see,
FIG. 6) has cutout sections 971a and 9715 that face the first
and second sub-pixel electrodes 191a and 1915, respectively.

Each of the first and second sub-pixel electrodes 1916 and
1915 includes at least one parallelogram-shaped electrode
member 196 as shown in FIG. 13A, and at least one paral-
lelogram-shaped electrode member 197 as shown in FIG.
13B. A basic electrode 198 as shown in FIG. 13C is obtained
by vertically connecting the parallelogram-shaped electrode
members 196 and 197 shown in FIGS. 13A and 135. The
sub-pixel electrodes 191a and 1915 have the structure based
on the basic electrode 198.

As shown in FIGS. 13A and 13B, each electrode member
196 or 197 has a pair of oblique edges 1960 and 1970 and a
pair of transverse edges 1967 and 197¢ so that the electrode
member 196 or 197 has a parallelogram shape. Each oblique
edge forms an oblique angle relative to the transverse edges
1967 and 197¢. Preferably, the oblique angle is in a range of
45°10 135°. For convenience, the term “inclination direction”
will be adopted on the basis ofa perpendicular line extending
from the transverse edges 196¢and 197¢. That is, the electrode
member 196 shown in FIG. 13A is inclined in the right incli-
nation direction and the electrode member 197 shown in FIG.
13B is inclined in the left inclination direction.

The transverse length of the transverse edges 196¢ and
197z, that is, the width of the electrode members 196 and 197,
and the longitudinal length between the transverse edges 196¢
and 197¢, that is, the height of the electrode members 196 and
197 can be variously determined according to the size of the
liquid crystal panel assembly 700. In addition, the transverse
edges 196¢ and 197¢ of the electrode members 196 and 197
can be modified by taking relationship relative to other parts
into consideration. That s, the transverse edges 1967 and 197¢
can be bent or protruded and these modified shapes are also
referred to as the parallelogram shape.

Cutout sections 961 and 962 that face the electrode mem-
bers 196 and 197 are formed in the common electrode 270.
The electrode members 196 and 197 are divided into two
sub-regions S1 and S2 with regard to the cutout sections 961
and 962. The cutout sections 961 and 962 are provided with at
least one notch. The cutout sections 961 and 962 include
oblique sections 9610 and 9620, which are parallel to the
oblique edges 1960 and 1970 of the electrode members 196
and 197, and transverse sections 9617 and 962¢ which are
overlapped with the transverse edges 196¢ and 197¢ of the
electrode members 196 and 197 while forming an obtuse
angle relative to the oblique sections 9610 and 962o0.

Fach sub-region S1 or 82 has two primary edges, which are
defined by the oblique sections 9610 and 9620 of the cutout
sections 961 and 962 and the 1967 and 197¢ of the electrode
members 196 and 197. Preferably, the length of the primary
edge, that is, the width of the sub-region is about 25 um to
about 40 pm.

The basic electrode 198 shown in FIG. 13C can be obtained
by combining the right-inclined electrode member 196 and
the left-inclined electrode member 197. An angle formed
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between the right-inclined electrode member 196 and the
left-inclined electrode member 197 is substantially 90°. In
addition, a portion of the electrode member 196 is connected
to a portion of the electrode member 197, so that a cutout
section 990 is formed therebetween. However, the cutout
section 990 can be omitted.

Outer transverse edges 1967 and 197t of the two electrode
members 196 and 197 constitute a transverse edge 198¢ of the
basic electrode 198, and the oblique edges 1960 and 1970 of
the two electrode members 196 are connected to each other,
thereby forming curved edges 19801 and 19802 of the basic
electrode 198.

The curved edges 19801 and 19802 include a convex edge
19801, which meets the transverse edge 1987 of the basic
electrode 198 while forming an obtuse angle (for example,
about 135°) relative to the transverse edge 198 of the basic
electrode 198, and a concave edge 19802, which meets the
transverse edge 1981 of the basic electrode 198 while forming
an acute angle (for example, about 45°) relative to the trans-
verse edge 1981 of the basic electrode 198. Since the curved
edges 19801 and 19802 are defined by the pair of oblique
edges 1960 and 1970, which are bent at a substantially right
angle, the bending angle between the curved edges 19801 and
19802 approximates to the right angle.

The cutout section 960 reaches the center of the basic
electrode 198 while extending from the concave vertex CV of
the concave edge 19802 toward the convex vertex VV of the
convex edge 19802.

In addition, the cutout sections 961 and 962 of the common
electrode 270 are connected to each other, thereby forming
the cutout section 960. The transverse sections 961¢ and 962¢
of the cutout sections 961 and 962 overlap each other, thereby
forming one transverse section 960¢1. Such a cutout section
960 will described below in more detail.

The cutout section 960 includes a curved section 9600
having a curved point CP, a central transverse section 9601
connected to the curved point CP of the curved section 9600,
and a pair of terminal transverse sections 96072 formed at
both end portions of the curved section 9600. The curved
section 9600 of the cutout section 960 consists of a pair of
oblique sections that are bent at a right angle. The curved
section 9600 is substantially parallel to the curved edges
19801 and 19802 of the basic electrode 198 and divides the
basic electrode 198 into a left-half portion and a right-half
portion. The central transverse section 96071 of the cutout
section 960 extends toward the convex vertex VV of the basic
electrode 198 while forming an obtuse angle (for example,
about 135°) relative to the curved section 9600. The terminal
transverse sections 96072 are aligned with the transverse edge
1981 of the basic electrode 198 and form an obtuse angle (for
example, about 135°) relative to the curved section 9600.

The basic electrode 198 and the cutout section 960 are
inversely symmetrical to each other about a virtual line
extending from the convex vertex VV to the concave vertex
CV of the basic electrode 198 (hereinafter, the virtual linear
line will be referred to as a transverse central line).

In the pixel electrode 191 shown in FIG. 12, the size of the
first sub-pixel electrode 1914 is smaller than the size of the
second sub-pixel electrode 1915. In particular, the height of
the second sub-pixel electrode 1915 is greater than the height
of the first sub-pixel electrode 191¢, and the first and second
sub-pixel electrodes 191a and 1915 have the substantially
same width. The number of the electrode members in the
second sub-pixel electrode 1915 is greater than the number of
the electrode members in the first sub-pixel electrode 191a.

The first sub-pixel electrode 191« includes the left-inclined
electrode member 197 and the right-inclined electrode mem-
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ber 196 and has the structure identical to that of the basic
electrode 198 shown in FIG. 13C.

The second sub-pixel electrode 1915 includes at least two
left-inclined electrode members 197 and at least two right-
inclined electrode members 196 that are connected to the
basic electrode 198 shown in FIG. 13C.

The second sub-pixel electrode 1915 shown in FIG. 12
includes six electrode members 19151 to 19156. From among
the six electrode members 19151 to 19156, two electrode
members 19155 and 19156 are aligned at upper and lower
portions of the first sub-pixel electrode 191a. The second
sub-pixel electrode 1915 has a triple structure having three
branches. This structure advantageously represents longitu-
dinal lines as compared with a structure that has but a single
branch. In addition, the transverse sections 9617 and 9627 of
the cutout sections 961 and 962 of the common electrode 270
overlap at a region where the electrode members 191a1 and
19142 of the first sub-pixel electrode 1914 are adjacent to the
electrode members 19155 and 19156 of the second sub-pixel
electrode 1915, thereby forming one transverse section. Thus,
the aperture ratio further increases.

The height of the intermediate electrode members 19141,
19142, 11951 and 19152 is different from the height of the
electrode members 19153 to 19156 aligned at upper and
lower portions of the intermediate electrode members 19141,
19142, 19151 and 19152. For instance, the height of the
electrode members 19153 to 19156 is about %4 the height of
the intermediate electrode members 19141, 19142, 19151
and 19152 so that the area ratio between the first and second
sub-pixel electrodes 191a and 1915 is approximately in the
ratio of 1:2. Thus, the desired area ratio can be obtained by
adjusting the height of the upper and lower electrode mem-
bers 19153 to 19156.

The alignment and the orientation direction of the first and
second sub-pixel electrodes 191a and 1915 shown in FIG. 12
can be changed by moving or rotating the pixel electrode 191
shown in FIG. 12 in the inverse direction.

Referring again to FIGS. 8 to 13C, the first/second sub-
pixel electrode 191a/1915 and the common electrode 270 of
the top display panel 200 constitute the first/second liquid
crystal capacitor Clca/Cleb together with the liquid crystal
layer 300 interposed between the first/second sub-pixel elec-
trode 191a/1915 and the common electrode 270, so that the
applied voltage can be maintained even if the thin film tran-
sistor Qa/Qb has been turned off.

The first/second sub-pixel electrode 191a/1915 overlaps
the storage electrode 137 with the gate insulating layer 140
interposed therebetween, thereby forming the first/second
storage capacitor Csta/Cstb. The first/second storage capaci-
tor Csta/Cstb reinforces the voltage maintenance function of
the first/second liquid crystal capacitor Clea/Clcb. Since the
opening 186 is formed in the passivation layer 180, only the
gate-insulating layer 140 may remain between the pixel elec-
trode 191 and the storage electrode 137. Thus, the distance
between the pixel electrode 191 and the storage electrode line
131 is reduced, thereby improving the voltage maintenance
function of the first/second liquid crystal capacitor Clca/Cleb.

Contact assistants 981a, 9815 and 981 are connected to the
end portions 1294 and 1295 of the gate lines 1214 and 1215
and the end portion 179 of the data line 171 through the
contact holes 181a, 1815 and 182, respectively. The contact
assistants 9814, 9815 and 981 may reinforce the bonding
force between the end portions 129a and 1295 of the gate
lines 121a and 1215 and the external device and between the
end portion 179 of the data line 171 and the external device,
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while protecting the end portions 129a and 1294 of the gate
lines 121a and 1215 and the end portion 179 of the data line
171.

Hereinafter, the vertical structure of the top display panel
200 will be described with reference to FIGS. 9 and 10.

A light blocking member 220 is formed on the insulating
substrate 210 including transparent glass or plastic. The light
blocking member 220 covers an area corresponding to the
boundary of the pixel electrode 191 and an area correspond-
ing to the thin film transistor. In addition, the light blocking
member prevents light leakage occurring between the pixel
electrodes 191 and is opened in an area that faces the pixel
electrode 191.

A plurality of color filters 230 are formed on the substrate
210 and the light blocking member 220. Most color filters 230
existin aregion surrounded by the light blocking member 220
and extend in the column direction of the pixel electrodes 191.
Each color filter 230 can represent one of three primary colors
including red, green and blue.

An overcoat 250 is formed on the color filters 230 and the
light blocking member 220. The overcoat 250 may include an
(organic) insulating material. The overcoat 250 prevents the
color filters 230 from being exposed and provides a planar
surface. The overcoat 250 can be omitted.

The common electrode 270 is formed on the overcoat 250.

The common electrode 270 is formed with a plurality of
cutout sections 971a and 9715.

Alignment layers 911 and 921, such as vertical alignment
layers, can be formed at inner portions of the display panels
100 and 200.

Polarizers 912 and 922 are provided at outer portions of the
bottom and top display panels 100 and 200, respectively. At
this time, polarizing axes of the polarizers may cross perpen-
dicularly to each other. One of the polarizing axes of the
polarizers is preferably parallel to the gate lines 121a and
1215. In the case of the reflective-type liquid crystal display
device, one of the polarizers 912 and 922 can be omitted.

The liquid crystal display device may includes the polar-
izers 912 and 922, a retardation layer, top and bottom display
panels 100 and 200, and a backlight unit (not shown) that
provides the light to the liquid crystal layer 300.

The liquid crystal layer 300 has a negative anisotropic
dielectric constant, and liquid crystal molecules of the liquid
crystal layer 300 are aligned such that long-axes thereof are
arranged vertically to the surface of the bottom and top dis-
play panels 100 and 200 when the electric field is not applied
thereto.

Hereinafter, the operation of the liquid crystal display
device having the above structure will be described in detail.

The signal controller 600 receives inputimage signals R, G
and B and input control signals controlling the display of the
input image signals R, G and B from an external graphic
controller (not shown) and treats the input image signals R, G
and B and input control signals according to the operation
conditions of the liquid crystal panel assembly 700, thereby
creating gate control signals CONT1 and data control signals
CONT?2 to transmit the gate control signals CONT1 and data
control signals CONT?2 to the gate driver 400 and the data
driver 500, respectively.

The gate driver 400 applies the gate on voltage Von to the
gate line according to the gate control signal CONT1 received
from the signal controller 600, thereby turning on the switch-
ing device connected to the gate line. Thus, the data signal
applied to the data line can be applied to the corresponding
pixel PX through the switching device.

At this time, since the first and second sub-pixel electrodes
191 and 1915 that constitute one pixel electrode 191 are
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connected to different switching devices, the first and second
sub-pixel electrodes 1914 and 1915 may sequentially receive
the different data voltages at a predetermine time interval
through the same data line. Alternatively, while the first and
second sub-pixel electrodes 191a and 1915 are connected to
different switching devices, the first and second sub-pixel
electrodes 191a and 1915 can receive the different data volt-
ages at the same time through different data lines. Or, while
the first sub-pixel electrode 191a is connected to the switch-
ing device (not shown) and the second sub-pixel electrode
1915 is connected to the first sub-pixel electrode 191a
through capacitive coupling, only the sub-pixel including the
first sub-pixel electrode 191a may receive the data voltage
through the switching device, and the sub-pixel including the
second sub-pixel electrode 1915 has a variable voltage which
is changed depending on the voltage of the first sub-pixel
electrode 191 a. In this case, the voltage of the first sub-pixel
electrode 191a having a relatively smaller area is greater than
the voltage of the second sub-pixel electrode 1915 having a
relatively larger area.

The difference between the voltage of the data signal
applied to the pixel PX and the common voltage Vcom is
represented as the charge voltage of the liquid crystal capaci-
tor, that is, the pixel voltage. The alignment of the liquid
crystal molecules may change according to the level of the
pixel voltage and the polarizing state of the light passing
through the light crystal layer 300 may change according to
the alignment state of the liquid crystal molecules. Such
variation of the polarizing light is represented as transmit-
tance variation by means of polarizers attached to the liquid
crystal panel assembly 700. The pixel PX displays brightness
represented by the gray scale of the image signal DAT based
on the transmittance variation.

The inclination angle of the liquid crystal molecules may
vary depending on the intensity of the electric field applied
thereto. Since two liquid crystal capacitors Clca and Clcb
have voltages different from each other, the liquid crystal
molecules are aligned with different inclination angles, so
that the two sub-pixels exhibit different brightness. There-
fore, the image viewed from the front of the liquid crystal
display device may approximate to the image viewed from
the lateral side of the liquid crystal display device if the
voltages of the first and second capacitors Clca and Clcb are
properly adjusted. That is, the lateral gamma curve may
approximate to the front gamma curve. In this manner, lateral
visibility of the liquid crystal display device can be improved.

In addition, if the area of the first sub-pixel electrode 1914
receiving the higher voltage is designed smaller than the area
of the second sub-pixel electrode 1915, the lateral gamma
curve may more approximate to the front gamma curve. In
particular, if the surface ratio between the first and second
sub-pixel electrodes 191a and 1915 is from about 1:2 to from
about 1:3, the lateral gamma curve further approximates to
the front gamma curve, so that lateral visibility of the liquid
crystal display device can be further improved.

The inclination direction of the liquid crystal molecules is
primarily determined by the horizontal components of the
electric field, which are created because the cutout sections
971¢ and 9715 of the pixel and common electrodes 191 and
270 and the lateral sides of the sub-pixel electrodes 191a and
1915 distort the primary electric field. The horizontal com-
ponents of the electric field are substantially perpendicular to
the edges of the cutout sections 971a and 9715 and the edges
of the sub-pixel electrodes 191a and 191.

Since most liquid crystal molecules aligned on sub-regions
divided by the cutout sections 971« and 9715 are inclined
perpendicularly to the primary edges, the liquid crystal mol-

10

15

20

25

30

35

40

45

50

55

60

65

20

ecules may assumed to be inclined in four directions. In this
mannet, if the inclination directions of the liquid crystal mol-
ecules are diversified, the reference-viewing angle of the lig-
uid crystal display device may be widened.

If protrusions are formed on the common electrode 270,
instead of forming the cutout sections 971a and 9715, the
protrusions may serve as the cutout sections 971a and 9715.
That is, the electric field is distorted by the protrusions,
thereby widening the reference-viewing angle of the liquid
crystal display device.

The secondary electric field, which is additionally created
due to the differential voltage between the sub-pixel elec-
trodes 191 and 1915, is formed perpendicularly to the pri-
mary edge of the sub-region. Accordingly, the direction of the
secondary electric field matches with the direction of the
horizontal components of the primary electric field. As a
result, the secondary electric field created between the sub-
pixel electrodes 191a and 1915 may serve to determine the
inclination direction of the liquid crystal molecules.

As described above, the cutout section of the common
electrode 270 includes the central transverse section 96071,
the curved section 9600, and the terminal transverse sections
96072. As shown in FIG. 8, if the central transverse section
96071 completely overlaps with the storage electrode 137, the
central transverse section 960¢1 can be divided into a pair of
central transverse sections along the brink of the storage
electrode 137.

The central transverse section 96071 is aligned at a specific
position where a pair of oblique sections, which are sym-
metrically aligned to form the curved section 9600, meet each
other. In the above specific position, the liquid crystal mol-
ecules are affected by the right-inclined portion and the left-
inclined portion of the oblique section, so that the alignment
direction of the liquid crystal molecules may be scattered.
The central transverse section 96071 prevents the above prob-
lem by controlling the alignment direction of the liquid crys-
tal molecules.

However, as shown in FIG. 9, the distance between the
common electrode 270 and the opening 186 may increase in
the area where the storage electrode 137 is formed. Accord-
ingly, the liquid crystal molecules may not be precisely con-
trolled by the central transverse section 9601 in the above
area. In order to solve this problem, as shown in FIG. 8, a pair
of central transverse sections 960¢1 are formed at brink por-
tions of the storage electrode 137 while being overlapped
with the area where the storage electrode 137 is formed.

Hereinafter, a liquid crystal panel assembly according to
another embodiment of the present invention will be
described with reference to FIG. 14.

FIG.141is alayout view illustrating a part of a liquid crystal
display device according to another embodiment of the
present invention.

The liquid crystal panel assembly according to another
embodiment of the present invention includes bottom and top
display panels (not shown) that face each other and a liquid
crystal layer (not shown) interposed between the bottom and
top display panels.

The vertical structure of the liquid crystal panel assembly is
substantially identical to the layer-structure of the liquid crys-
tal panel assembly shown in FIGS. 8 to 13C, so the detailed
description for the same elements and functions will be omit-
ted in order to avoid redundancy.

Regarding the bottom display panel, a plurality of gate
conductors including a plurality of gate lines (not shown) and
storage electrode lines 131 are formed on an insulating sub-
strate (not shown). The storage electrode line 131 includes a
storage electrode 137. A gate-insulating layer (not shown) is
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formed on the gate conductor. An island type semiconductor
(not shown) is formed on the gate-insulating layer, and a
plurality of ohmic contact members (not shown) are formed
onthe island type semiconductor. A data conductor including
a plurality of data lines 171 is formed on the ohmic contact
members and the gate-insulating layer. A passivation layer
(not shown) having an opening 186 is formed on the data
conductor and the exposed portion of the semiconductor. The
passivation layer and the gate-insulating layer are formed
with a plurality of contact holes (not shown) and the opening
186. A plurality of pixel electrodes 191 and contact assistants
(not shown) are formed on the passivation layer.

Regarding the top display panel, a light blocking member
(not shown), a plurality of color filters (not shown), an over-
coat (not shown), a common electrode (not shown) and an
alignment layer (not shown) are formed on an insulating
substrate (not shown).

The pixel electrode 191 is divided into a first sub-pixel
1914/ having a concave edge and a second sub-pixel 19157
having a convex edge. At least one recess 193a/193b is
formed on a corner portion of the concave edge. Preferably,
two recesses 193a and 1935 of the first sub-pixel 1914/ are
formed along the lateral side of the opening 186. Thus, an
interval between adjacent first and second sub-pixels 191al
and 1915~ can be sufficiently ensured, thereby preventing the
electric short between the first and second sub-pixels 191a/
and 1914r.

The present invention can be embodied if at least one recess
193¢/193b is provided, but the present invention is not limited
to the shape and number of the recesses. Since the recess
1934/193b can be obtained by cutting a predetermined por-
tion of the pixel electrode 191, the recess 193a/193b has the
same function with the central transverse section 96071 of the
common electrode 270 that controls the direction of the liquid
crystal molecules. Similar to the central transverse section
96071, a pair of recesses 1934 and 1935 are formed at the
brink portions of the storage electrode 137 in the area where
the recesses 193a and 1935 overlap with the storage electrode
137.

Hereinafter, a liquid crystal panel assembly according to
still another embodiment of the present invention will be
described with reference to FIG. 15.

FIG. 1515 a layout view illustrating a part of a liquid crystal
display device according to still another embodiment of the
present invention.

The liquid crystal panel assembly according to still another
embodiment of the present invention includes bottom and top
display panels (not shown) that face each other and a liquid
crystal layer (not shown) interposed between the bottom and
top display panels.

The vertical structure of the liquid crystal panel assembly is
substantially identical to the layer-structure of the liquid crys-
tal panel assembly shown in FIGS. 8 to 13C, so the detailed
description for the same elements and functions will be omit-
ted in order to avoid redundancy.

Referring to FIG. 15, a first sub-pixel electrode 191a/ of the
pixel electrode 191, which is aligned at a left side, is adjacent
10 a second sub-pixel electrode 19167 of the pixel electrode
191, which is aligned at a right side, in the row direction. The
first and second sub-pixel electrodes 191a/ and 191b# have
convex edges 194a and 1945, respectively. In addition, the
first and second sub-pixel electrodes 191a/ and 19157 have
concave edges 195¢ and 1955, respectively. The concave
edge 195a includes two oblique edges 195a1 and 19542 and
a longitudinal edge 19543 connecting the two oblique edges
195¢1 and 19542, and the concave edge 1955 includes two
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oblique edges 19551 and 19552 and a longitudinal edge
19553 connecting the two oblique edges 19551 and 19552.

A storage electrode line 131 extends by passing through the
center portion of a pixel electrode 191. That is, the pixel
electrode 191 is symmetrically formed in the longitudinal
direction with regard to the storage electrode line 131. One
storage electrode 137 extends over two adjacent pixel elec-
trodes 191. In detail, the storage electrode 137 overlaps with
the first sub-pixel electrode 1914/ of the pixel electrode 191,
which is aligned at the left side, and the second sub-pixel
electrode 191br of the pixel electrode 191, which is aligned at
the right side. The storage electrode 137 includes a first sec-
tion 137a, which overlaps the first sub-pixel electrode 1914/
of the pixel electrode 191, and a second section 1375, which
overlaps the second sub-pixel electrode 191567 of the pixel
electrode 191.

A passivation layer is formed between the storage elec-
trode 137 and the pixel electrode 191. First and second open-
ings 1874 and 1875 are formed in the passivation layer. The
first section 137a of the storage electrode 137 is exposed
through the first opening 1874 and the second section 1375 of
the storage electrode 137 is exposed through the second open-
ing 187b. The first and second openings 187a and 1875 are
separated from each other at a region where the first and
second openings 186a and 1875 are overlapped with the first
and second sub-pixel electrodes 191a/ and 191br. Thus, an
electric short circuit is prevented from occurring between the
first and second sub-pixel electrodes 191a/ and 1915 at a
stepped portion of the first and second openings 187a and
1875.

Two vertex points of the second opening 1875 adjacent to
the convex edge of the second sub-pixel electrode 19157 are
chamfered. The chamfering surfaces are parallel to the con-
vex edge of the second sub-pixel electrode 19157 to prevent
reduction in the capacitance of the storage capacitor.

According to the present invention, the display device
includes pixel electrodes that are distinguished from each
other so the operational characteristics of the display device
can be improved. In addition, an electric short circuit is pre-
vented from occurring between the pixel electrodes in the
process of forming the pixel electrodes.

Although the exemplary embodiments of the present
invention have been described, it is understood that the
present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed.

What is claimed is:
1. A display substrate comprising:
a substrate comprising a plurality of pixels each compris-
ing a first area and a second area;
a storage electrode extending over the first and second
areas;
an insulating layer pattern covering the substrate and hav-
ing an opening on the storage electrode; and
first and second pixel electrodes formed on the insulating
layer pattern, the first and second pixel electrodes being
separated from each other, and positioned on the firstand
second areas, respectively,
wherein at least one of the first and second pixel electrodes
has at least one recess at an area corresponding to an
edge of the opening.
2. The display substrate of claim 1, wherein the first and
second areas belong to a same pixel area and receive different
voltages corresponding to image information.
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3. The display substrate of claim 1, wherein the first and
second pixel electrodes are oriented relative to a length direc-
tion of the storage electrode and oriented symmetrically to
each other.

4. The display substrate of claim 3, wherein a pair of
recesses are symmetrically positioned at edge portions of the
storage electrode while extending in parallel to the length
direction of the storage electrode.

5. The display substrate of claim 1, wherein the insulating
layer pattern comprises an organic insulating layer.

6. The display substrate of claim 5, wherein the organic
insulating layer defines the opening at each pixel area.

7. A display substrate comprising;

a substrate comprising a plurality of pixels each compris-

ing a first area and a second area;

a storage electrode extending over the first and second

areas;

an insulating layer pattern covering the substrate, and hav-

ing a first opening on the storage electrode disposed on
the first area and a second opening on the storage elec-
trode disposed on the second area; and

first and second pixel electrodes formed on the insulating

layer pattern, the first and second pixel electrodes being
separated from each other, and positioned on the first and
second areas, respectively,

wherein at least one boundary of the first and second pixel

electrodes is disposed on an area between the first open-
ing and the second opening.

8. The display substrate of claim 7, wherein the first and
second areas belong to a same pixel area and receive different
voltages.

9. The display substrate of claim 7, wherein the first and
second pixel electrodes are inclined relative to a length direc-
tion of the storage electrode and bent symmetrically to each
other.

10. The display substrate of claim 9, wherein at least one
vertex of the first and second openings of the insulating layer
pattern is chamfered, and the chamfering surface is parallel to
one of the first and second pixel electrodes.

11. The display substrate of claim 7, wherein the insulating
layer pattern comprises an organic insulating layer.

12. The display substrate of claim 11, wherein the organic
insulating layer defines the first and second openings at each
pixel area.

13. A liquid crystal display device comprising:

first and second substrates that face each other, the first

substrate comprising a plurality of pixels each compris-
ing a first area and a second area;

a liquid crystal layer having liquid crystal and interposed

between the first and second substrates;

a storage electrode formed on the first substrate, and

extending over the first and second areas;
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aninsulating layer pattern covering the substrate formed on
the storage electrode, and having an opening on the
storage electrode;

first and second pixel electrodes formed on the insulating

layer pattern, the first and second pixel electrodes being
separated from each other, and positioned on the first and
second areas, respectively,

and

a common electrode formed on the second substrate and

having at least one direction controller that controls an
alignment direction of the liquid crystal,

wherein the direction controller has a pair of portions sym-

metrically positioned at brink portions of the storage
electrode while extending in parallel to a lengthwise
direction of the storage electrode.

14. The liquid crystal display device of claim 13, wherein
the direction controller overlaps the brink portion of the stor-
age electrode when viewed in a plan view.

15. The liquid crystal display device of claim 13, wherein
the direction controller includes a cutout pattern obtained by
partially removing the common electrode.

16. The liquid crystal display device of claim 13, wherein
the direction controller includes a protrusion formed on the
common electrode.

17. The liquid crystal display device of claim 13, wherein
the first substrate includes first and second areas that are
separated from each other, a boundary of the first and second
areas being positioned on the storage electrode, and the direc-
tion controller is spaced apart from the boundary.

18. The liquid crystal display device of claim 17, wherein
the pixel electrode includes a first pixel electrode aligned in
the first area and a second pixel electrode aligned in the
second area.

19. The liquid crystal display device of claim 18, wherein
at least one of the first and second pixel electrodes has at least
one recess at an area corresponding to the storage electrode.

20. The liquid crystal display device of claim 18, wherein
the insulating layer pattern has a first opening at the first area
corresponding to the storage electrode and a second opening
at the second area corresponding to the storage electrode.

21. The liquid crystal display device of claim 13, wherein
the first and second pixel electrodes are inclined relative to a
lengthwise direction of the storage electrode and oriented
symmetrically to each other.

22. The liquid crystal display device of claim 13, wherein
the insulating layer pattern comprises an organic insulating
layer.

23. The liquid crystal display device of claim 22, wherein
the organic insulating layer defines the opening at each pixel
area.
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