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(57) ABSTRACT

A display substrate includes a gate line, a data line, a pixel
clectrode, a storage line, a dual transistor, a connection
transistor, a voltage-decreasing electrode, a first contact
clectrode and a second contact electrode. The voltage-

decreasing electrode 1s disposed on the storage line. The
voltage-decreasing electrode 1s connected to a connection
drain electrode of the connection transistor. The first contact
clectrode overlaps with the first pixel part and 1s electrically
connected to the first pixel part. The first contact electrode
1s connected to a first drain electrode of the dual transistor
and a connection source electrode of the connection tran-
sistor. The second contact electrode overlaps with the second
pixel part and 1s electrically connected to the second pixel
part. The second contact electrode 1s connected to a second
drain electrode of the dual transistor. Therefore, the aperture
ratio of the display device may be increased.
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DISPLAY SUBSTRATE WITH DUAL
TRANSISTOR AND CONNECTION
TRANSISTOR, METHOD OF
MANUFACTURING THE DISPLAY
SUBSTRATE AND DISPLAY DEVICE
HAVING THE DISPLAY SUBSTRATE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119 to
Korean Patent Application No. 10-2008-0053048, filed on
Jun. 5, 2008 in the Korean Intellectual Property Office
(KIPO), the contents of which are herein incorporated by
reference in their entirety.

BACKGROUND OF THE INVENTION

1. Technical Field

Exemplary embodiments of the present invention relate to
a display substrate. More particularly, exemplary embodi-
ments of the present invention relate to a display substrate,
a method of manufacturing the display substrate, and a

display device having the display substrate.

2. Discussion of the Related Art

Generally, a liquid crystal display (LCD) device includes
a first substrate having pixel electrode formed 1n a umt pixel,
a second substrate having common electrode opposite to the
first substrate, and a liquid crystal layer interposed between
the first and second substrates. An arrangement of liquid
crystal molecules of the liquid crystal layer 1s varied in
response to an electric field generated between the pixel
clectrode and the common electrode to change a light
transmittance thereof, so that the liqmd crystal display
device may display 1mages.

The pixel electrode may include first and second pixel
parts recerving the different voltage levels, which are spaced
apart from each other and enhance the viewing angle of
images. A first pixel voltage may be applied to the first pixel
part, and a second pixel voltage lower than the first pixel
voltage may be applied to the second pixel part.

The first and second pixel voltages may be generated by
using a data voltage transmitted through a data line. The first
substrate may have a plurality of thin-film transistors (TF'T)
in the unit pixel. For example, the first substrate may include
a first TFT electrically connected to the first pixel part, a
second TFT electrically connected to the second pixel part,
and a third TFT boosting or deboosting the data voltage to
form the first and second pixel voltages in the first and
second pixel parts, respectively.

A drain electrode of the first TFT overlaps with the first
pixel part and 1s electrically connected to a first contact
clectrode making electrical contact with the first pixel part
through a first contact hole. A drain electrode of the second
TFT overlaps with the second pixel part and 1s electrically
connected to a second contact electrode making electrical
contact with the second pixel part through a second contact
hole. A source electrode of the third TF'T overlaps with the
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2

first pixel part and 1s electrically connected to a third contact
clectrode making electrical contact with the first pixel part
through a third contact hole.

However, as the first to third contact electrodes overlap
with the first and second pixel parts, the aperture ratio of the
LCD device may be reduced. As a result, image display
quality may be decreased.

SUMMARY OF THE INVENTION

An exemplary embodiment of the present invention pro-
vides a display substrate capable of increasing the viewing
angle thereof, while simultaneously increasing the aperture
ratio thereof.

An exemplary embodiment of the present invention pro-
vides a method for manufacturing the above-mentioned
display substrate.

An exemplary embodiment of the present invention pro-
vides a display device including the above-mentioned dis-
play substrate.

According to one aspect of the present invention, a
display substrate includes a gate line, a data line, a pixel
clectrode, a storage line, a dual transistor, a connection
transistor, a voltage-decreasing electrode, a first contact
clectrode and a second contact electrode. The gate line 1s
formed 1n a first direction. The gate line 1includes a first gate
line and a second gate line that are adjacent to each other.
The data line 1s formed 1n a second direction crossing the
first direction. The pixel electrode has a first pixel part and
a second pixel part that are spaced apart from each other. The
storage line overlaps with the first and second pixel parts.
The dual transistor 1s electrically connected to the first gate
line and the data line. The dual transistor has a first drain
clectrode and a second drain electrode. The connection
transistor 1s electrically connected to the second gate line.
The voltage-decreasing electrode 1s disposed on the storage
line. The voltage-decreasing electrode 1s connected to a
connection drain electrode of the connection transistor. The
first contact electrode overlaps the first pixel part and 1s
clectrically connected to the first pixel part. The first contact
clectrode 1s connected to a first drain electrode of the dual
transistor and a connection source electrode of the connec-
tion transistor. The second contact electrode overlaps the
second pixel part and 1s electrically connected to the second
pixel part. The second contact electrode 1s connected to a
second drain electrode of the dual transistor.

In an exemplary embodiment of the present invention, the
gate line, the storage line, a gate electrode of the dual
transistor and a connection gate electrode of the connection
transistor may form a plurality of gate patterns that are
patterned from an identical gate metal layer.

In an exemplary embodiment of the present invention, the
data line, a source electrode and a drain electrode of the dual
transistor, a connection source electrode and a connection
drain electrode of the connection transistor, the voltage-
decreasing electrode, the first contact electrode and the
second contact electrode may form a plurality of data
patterns that are patterned from an 1dentical data metal layer.

In an exemplary embodiment of the present invention, the
display substrate may further include a first insulation layer
formed between the gate patterns and the data patterns, and
a second insulation layer formed between the data patterns
and the pixel electrode. The second insulation layer may
have a first contact hole formed therethrough which electri-
cally connects to the first pixel part and the first contact
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clectrode, and a second contact hole formed therethrough
which electrically connects to the second pixel part and the
second contact electrode.

In an exemplary embodiment of the present invention, the
display substrate may further include a voltage-increasing
clectrode disposed on the voltage-decreasing electrode that
1s electrically connected to the second pixel part. The pixel
clectrode and the voltage-increasing electrode may form a
plurality of transparent metal patterns that are patterned
from an 1dentical transparent metal layer.

In an exemplary embodiment of the present invention, the
second pixel part may have a shape covering a portion of the
first pixel part. The first pixel part and the second pixel part
may have a substantially symmetrical shape with respect to
a center line which crosses a center portion of a unit pixel
along the first direction.

Alternatively, the second pixel part may be spaced apart
from the first pixel part in the second direction. The first and
second pixel parts may have a substantially symmetrical
shape with respect to a center line which crosses a center
portion ol a unit pixel along the second direction. The first
and second gate lines may overlap the first pixel part.

In an exemplary embodiment of the present invention, the
storage line may include a first storage line disposed
between the first gate line and the second gate line that
overlaps with the first pixel part, and a second storage line
disposed on the first gate line that overlaps with the second
pixel part. The storage line may further include a third
storage line disposed below the first gate line that overlaps
with the first pixel part. The third storage line may overlap
the voltage-decreasing electrode to form the down-voltage
capacitor.

According to one aspect of the present invention, manu-
facturing a display substrate may include forming a gate
line, a storage line, a gate electrode, and a connection gate
clectrode on a substrate. The gate line includes a first gate
line and a second gate line that are extended in a first
direction, and the storage line 1s spaced apart from the gate
line. The gate electrode of a dual transistor 1s connected to
the first grate line, and the connection gate electrode of a
connection transistor 1s connected to the second gate line.
Then, an active pattern of the dual transistor and a connec-
tion active pattern of the connection transistor are formed.
Then, a data line, a voltage-decreasing electrode, at source
electrode of the dual transistor, a first drain electrode and a
second drain electrode of the dual transistor, a first contact

electrode, a second contact electrode, a connection source
electrode of the connection transistor, and a connection drain
electrode of the connection transistor are formed. The data
line 1s formed in a second direction crossing the {irst
direction. The voltage-decreasing electrode 1s disposed on
the storage line. The source electrode of the dual transistor
1s connected to the data line. The first contact electrode 1s
connected to the first drain electrode. The second contact
electrode 1s connected to the second drain electrode. The
connection source electrode of the connection transistor 1s
connected to the first contact electrode. The connection drain
electrode of the connection transistor 1s connected to the
voltage-decreasing electrode.

Then, a pixel electrode including a first pixel part and a
second pixel part 1s formed overlapping the storage line. The
first pixel part overlaps the first contact electrode and 1is
clectrically connected to the first contact electrode. The
second pixel part 1s spaced apart from the {first pixel part,
overlaps the second contact electrode, and i1s electrically
connected to the second contact electrode.
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In an exemplary embodiment of the present invention, a
first 1insulation layer and at second 1nsulation layer may be

turther formed. The first insulation layer covers the gate line,
the storage line, the gate electrode and the connection gate
clectrode. The second 1nsulation layer covers the data line,
the voltage-decreasing electrode, the source electrode, the
first drain electrode, the second drain electrode, the first
contact electrode, the second contact electrode, the connec-
tion source electrode, and the connection drain electrode.

In the step of forming the second insulation layer, a
portion of the second insulation layer may be removed to
form a {irst contact hole and a second contact hole. The first
contact hole contacts the first pixel part and the first contact
clectrode. The second contact hole contacts the second pixel
part and the second contact electrode.

In the step of forming the pixel electrode, a voltage-
increasing electrode may be further formed. The voltage-
increasing e¢lectrode may be disposed on the voltage-de-
creasing electrode and 1s electrically connected to the second
pixel part.

In an exemplary embodiment of the present invention, a
display device includes a first substrate, a second substrate
opposite to the first substrate, and a liquid crystal layer
interposed between the first substrate and the second sub-
strate. The first substrate includes a gate line, a data line, a
pixel electrode, a storage line, a dual transistor, a connection
transistor, a voltage-decreasing electrode, a first contact
clectrode and a second contact electrode. The gate line may
be formed 1n a first direction. The gate line may include a
first gate line and a second gate line that are adjacent to each
other. The data line may be formed 1n a second direction
crossing the first direction. The pixel electrode may include
a first pixel part and a second pixel part that are spaced apart
from each other. The storage line may overlap with the first
and second pixel parts. The dual transistor may be electri-
cally connected to the first gate line and the data line. The
dual transistor may have a first drain electrode and at second
drain electrode. The connection transistor may be electri-
cally connected to the second gate line. The voltage-decreas-
ing clectrode may be disposed on the storage line. The
voltage-decreasing electrode may be connected to a connec-
tion drain electrode of the connection transistor. The first
contact electrode may overlap the first pixel part and may be
clectrically connected to the first pixel part. The first contact
clectrode may be connected to a first drain electrode of the
dual transistor and a connection source electrode of the
connection transistor. The second contact electrode may
overlap the second pixel part and may be electrically con-
nected to the second pixel part. The second contact electrode
may be connected to a second drain electrode of the dual
transistor. The second substrate may include a common
clectrode having a domain-dividing groove which divides
the first and second pixel parts into a plurality of domains.

According to an exemplary embodiment of the present
invention, as a first drain electrode of a dual transistor and
a connection source electrode of a connection are electr-
cally connected to an identical first contact electrode, a
conventional contact electrode that 1s electrically connected
to the connection drain electrode of the connection transistor
may be omitted. Therefore, the aperture ratio of the display
device may be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and aspects ol exemplary
embodiments of the present mnvention will be described 1n
detail with reference to the accompanying drawings.
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FIG. 1 1s a plan view 1llustrating a unit pixel of a display
device according to an exemplary embodiment of the pres-
ent 1nvention;

FIG. 2 1s a cross-sectional view taken along a line I-I' of
FIG. 1;

FIG. 3 1s a circuit diagram schematically 1llustrating an
clectrical connection relationship of FIG. 1.

FIG. 4 1s a graph 1llustrating a variation of a voltage in
first and second pixel parts of FIG. 3;

FIG. 5 1s a plan view schematically illustrating a first
substrate of a display device according to an exemplary
embodiment of the present invention;

FIG. 6 1s an enlarged plan view illustrating a unit pixel of
the first substrate of FIG. 5;

FIG. 7 1s an enlarged plan view 1llustrating a portion of the
unit pixel of FIG. 6; and

FIG. 8 15 a cross-sectional view taken along a line I1I-1I' of
FIG. 7.

L1l

DETAILED DESCRIPTION OF TH.
EXEMPLARY EMBODIMENTS

Exemplary embodiments of the present invention are
described more fully hereinafter with reference to the
accompanying drawings. The present mvention may, how-
ever, be embodied in many different forms and should not be
construed as limited to the exemplary embodiments set forth
herein. In the drawings, the sizes and relative sizes of layers
and regions may be exaggerated for clanty.

It will be understood that when an element or layer 1s
referred to as being “on,” “connected to” or “coupled to”
another element or layer, 1t can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present.

Hereinafter, exemplary embodiments of the present
invention will be explained 1n detail with reference to the
accompanying drawings.

FIG. 1 1s a plan view 1llustrating a unit pixel of a display
device according to an exemplary embodiment of the pres-
ent invention. FIG. 2 1s a cross-sectional view taken along a
line I-I' in FIG. 1. FIG. 3 1s a schematic circuit diagram for
explaining the electrical connection 1n FIG. 1.

Referring to FIGS. 1 and 2, the display device includes a
first substrate 100, a second substrate 200 opposite to the
first substrate 100, and a liquid crystal layer 300 interposed
between the first and second substrates 100 and 200.

The first substrate 100 may include a first transparent
substrate 110, gate lines GL, storage lines SL, a first insu-
lation layer 120, a plurality of data lines DLs, a second
insulation layer 130, a plurality of pixel electrodes 140, a
plurality of dual transistors D'TFTs, a plurality of connection
transistors CTEFT, a plurality of voltage-decreasing elec-
trodes 150, a plurality of voltage-increasing electrodes 160,
a plurality of first contact electrodes 10 and a plurality of
second contact electrodes 20.

The first transparent substrate 110 may have a plate shape.
The first transparent substrate 110 may include a transparent
material such as glass, quartz and/or synthetic resins.

The gate lines GL are formed on the first transparent
substrate 110, and are extended 1n a first direction DI1. Here,
the gate lines GL include the first gate line GL1 and the
second gate line G2 that are adjacent to each other. The first
gate line GL1 and the second gate line GL2 are parallel to
cach other.
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The storage lines SL and the gate lines GL are formed on
the first transparent substrate 110. Each of the storage lines
SL 1s formed between the first gate line GL1 and the second
gate line GL2.

The first insulation layer 120 1s formed on the first
transparent substrate 110 to cover the gate lines GL and the
storage lines SL. The first insulation layer 120 may include,
for example, silicon oxide (S10x), silicon nitride (S1Nx), etc.

The data lines DL are formed on the first insulation layer
120, and are extended 1n a second direction DI2 crossing the
first direction DI1. Here, the first direction DI1 1s perpen-
dicular to the second direction DI2.

The first contact electrode 10 and the second contact
clectrode 20 are formed on the first insulation layer 120, and
are formed 1n each unit pixel. The first and second contact
clectrode 10 and 20 may have a square side.

The second insulation layer 130 1s formed on the first
isulation layer 120 to cover the data lines DL, the first
contact electrode 10 and the second contact electrode 20. A
first contact hole 132 1s formed through the second insula-
tion layer 130 at the location of the first contact electrode 10,
and a second contact hole 134 1s formed through the second
insulation layer 130 at the location of the second contact
clectrode 20. In an exemplary embodiment, the first contact
hole 132 and the second contact hole 134 may each have a

square shape. Each area of the first and second contact holes
132 and 134 1s smaller than that of the first and second
contact electrodes 10 and 20, respectively.

The second insulation layer 130 may be an organic
insulation layer or an inorgamic insulation layer. For
example, when the second 1nsulation layer 130 1s the organic
insulation layer, each of the first contact hole 132 and the
second contact hole 134 may have a size of about 12 umx12
um, and each of the first contact electrode 10 and the second
contact electrode 20 may have a size of about 38 umx38 um.
Alternatively, when the second insulation layer 130 1s the
inorganic insulation layer, each of the first contact hole 132
and the second contact hole 134 may have a size of about 6
umx6 um, and each of the first contact electrode 10 and the
second contact electrode 20 may have a size of about 18
umx18 pm.

The pixel electrodes 140 are formed on the second
insulation layer 130, respectively, within each unit pixels.
The pixel electrodes 140 may 1nclude an optically transpar-
ent and electrically conductive material, for example,
indium tin oxide (ITO), mndium zinc oxide (IZ0), amor-
phous mdium tin oxide (a-1TO), etc.

Each of the pixel electrodes 140 include a first pixel part
142 and a second pixel part 144 that are spaced apart from
cach other. The first pixel part 142 may be formed 1n a center
area of each unit pixel. The first pixel part 142 may have a
substantially symmetrical shape with respect to a center line
which crosses the center portion of the umt pixel along the
first direction. The second pixel part 144 may be formed 1n
a peripheral area of each first pixel part 142 and may
surround the first pixel part 142. The second pixel part 144
may have a substantially symmetrical shape with respect to
the center line.

The first pixel part 142 makes electrical contact with the
first contact electrode 10 through the first contact hole 132.
The second pixel part 144 makes electrical contact with the
second contact electrode 20 through the second contact hole
134. Here, the first and second contact electrodes 10 and 20
may be formed over the center line when viewed on a plan
view. Alternatively, the first contact electrode 10 may be
formed under the center line when viewed on a plan view.



US RE46,222 E

7

The first and second pixel parts 142 and 144 are formed
on the second insulation layer 130 and overlap with the
storage line SL. The storage line SL may overlap end
portions of the first and second pixel parts 142 and 144.

The second substrate 200 may include a second transpar-
ent substrate 210, a plurality of color filters 220, a light-
blocking part 230, a planarization layer 240 and a common
clectrode 250.

The second transparent substrate 210 may be disposed
opposite to the first substrate 100. The second transparent
substrate 210 may have a plate shape. The second transpar-
ent substrate 210 may be formed of transparent material
such as glass, quartz, and/or synthetic resins, etc.

The color filters 220 are formed on the second transparent
substrate 210 opposite to the pixel electrode 140. The color
filters 220 may include a red color filter, a green color filter
and a blue color filter.

The light-blocking part 230 1s disposed between the color
filters 220 and blocks light. For example, the light-blocking
part 230 may cover the gate lines GL, the data lines DL and
the thin-film transistors (TFT).

The planarization layer 240 may be formed on the color
filters 220 and the light-blocking part 230 and may planarize
a surface of the display device.

The common electrode 2350 1s formed on the planarization
layer 240. The common electrode 250 includes an optically
transparent and electrically conductive material that may be
the same as that of the pixel electrode 140. The common
clectrode 250 include a domain-dividing groove 252 that
divides each of the first pixel parts 142 and the second pixel
parts 144 into a plurality of domains. For example, the
domain-dividing groove 252 may have a substantially
V-shape opposite to the first pixel part 142 and the second

pixel part 144.

Hereinafter, the DTFT, the CTF'T, the voltage-decreasing
clectrodes 150 and the voltage-increasing electrodes 160 of
the first substrate 100 will be explained 1n further detail.

Each of the DTFTs includes gate a electrode GE, an active
pattern AP, a source electrode SE, a first drain electrode DE1
and a second drain electrode DE2.

The gate electrode GE may be a portion of the first gate
line GL. The active pattern AP 1s formed on the first
insulation layer 120, and overlaps the gate electrode GE. The
active pattern AP may be extended in a first direction DII1.
The source electrode SE 1s connected to the data line DL,
and overlaps a portion of the active pattern AP. The source
clectrode SE may have a shape of two connected U-shapes.

The first drain electrode DE1 and the second drain elec-
trode DE2 are spaced apart from each other. The first and
second electrodes DE1 and DE2 are formed on the first
insulation layer 120. The first and second drain electrodes
DE1 and DE2 are spaced apart from the source electrode SE,
and overlap a portion of the active pattern AP.

The first drain electrode DE1 1s formed between one of
the two members ol U-shapes of the source electrode SE,
and 1s extended 1n a second direction DI2 and 1s electrically
connected to the first contact electrode 10. Thus, the first
drain electrode DE1 1s electrically connected to the first
pixel part 142. The second drain electrode DE2 1s formed
between one of the two numbers of U-shapes of the source
electrode SE, and 1s extended 1n a second direction DI2 and
1s electrically connected to the second contact electrode 20.

Each of the CTFTs includes a connection gate electrode
CG, a connection active pattern CA, a connection source
electrode CS and a connection drain electrode CD.

The connection gate electrode CG may be a portion of the
second gate line GL2. The connection active pattern CA 1s
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formed on the first insulation layer 120 and overlaps with the
connection gate electrode CG. The connection active pattern
CA may be extended 1n a first direction DI1.

The connection source electrode CS 1s formed on the first
insulation layer 120, and overlaps a portion of the connec-
tion active pattern CA. The connection source electrode CS
1s extended toward the first pixel part 142 and 1s electrically
connected to the first contact electrode 10. As a result, the
connection source electrode CS 1s electrically connected to
the first pixel part 142.

The connection drain electrode CD 1s formed on the first
insulation layer 120, and overlaps a portion of the connec-
tion active pattern CA. The connection drain electrode CD
1s spaced apart from the connection source electrode CS.

The voltage-decreasing electrodes 150 are formed on the
first 1nsulation layer 120 and overlap the storage line SL.
Each of the voltage-decreasing electrodes 150 1s electrically
connected to the connection drain electrode CD.

The voltage-increasing electrodes 160 are formed on the
second 1nsulation layer 130, and protrude from the second
pixel part 144 and overlap the voltage-decreasing electrodes
150. The voltage-increasing electrodes 160 may include an
optically transparent and electrically conductive material
that may be substantially the same as the pixel electrode 140.
The storage line SL and the voltage-decreasing electrode
150 may define a down-voltage capacitor C_down. The
voltage-decreasing electrode 150 and the voltage-increasing,
clectrode 160 may define an up-voltage capacitor C_up.

Hereinatter, an electrical connection relationship of the
umt pixel as shown m FIG. 1 will be described with
reference to the accompanying FIG. 3.

The gate line GL 1s formed 1n a first direction DI1. The
gate line GL may include the first gate lines GL1 and the
second gate lines GL2 that are adjacent to each other. The
data line DL 1s formed along the second direction DI2.

A gate electrode of the dual transistor D'TFT 1s electrically
connected to the first gate line GL1. A source electrode of the
dual transistor DTFT 1s electrically connected to the data
line DL.

A first drain electrode DE1 of the dual transistor DTFT 1s
clectrically connected to a first electrode of a low liquid
crystal capacitor L_clc, a first electrode of the low storage
capacitor L_cst and a connection source electrode of the
connection transistor CTET.

A second drain electrode DE2 of the dual transistor DTFT
1s electrically connected to a first electrode of a high liquid
crystal capacitor H_clc, a first electrode of the high storage
capacitor H_cst and a first electrode of the up-voltage
capacitor C_up.

A connection gate electrode of the connection transistor
CTFT 1s electrically connected to the second gate line GL.2,
and a connection drain electrode of the connection transistor
CTFT 1s electrically connected to a second electrode of the
up-voltage capacitor C_up and a first electrode of the
down-voltage capacitor C_down.

Here, the first electrode of the low liquid crystal capacitor
[._clc and the first electrode of the low storage capacitor
[._cst make up the first pixel part 142. The second electrode
of the low liquid crystal capacitor L_clc makes up the
common e¢lectrode 250. The second electrode of the low
storage capacitor L_cst makes up the storage line SL.

Moreover, the first electrode of the high liquid crystal
capacitor H_clc and the first electrode of the high storage
capacitor H_cst make up the second pixel part 144. The
second electrode of the high liquid crystal capacitor H_clc
makes up the common electrode 250. The second electrode
of the storage capacitor H_cst makes up the storage line SL.

-
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Furthermore, the first electrode of the up-voltage capaci-
tor C_up makes up the voltage-increasing electrode 160. The
second electrode of the up-voltage capacitor C_up and the
first electrode of the down-voltage capacitor C_down make
up the voltage-decreasing electrode 150. The second elec-
trode of the down-voltage capacitor C_down makes up the
storage line SL.

A common voltage Vcom 1s applied to the common
clectrode 50, and a storage reference voltage Vst 1s applied
to the storage line SL.

FIG. 4 1s a graph 1llustrating a variation of a voltage in
first and second pixel parts of FIG. 3. In FIG. 4, a voltage
charged 1n the first pixel part 142 1s defined as the first pixel
voltage V1, and a signal applied to the first gate line GL1 1s
defined as the first gate signal GS1. Moreover, a signal
applied to the second gate line GL2 1s defined as the second
gate signal GS2.

Referring to FIG. 4, when the first gate signal GS1 1s
applied to the first gate line GL1, the first and second pixel
voltages V1 and V2 gradually increase until they are sub-
stantially the same as the data voltage that 1s applied through
the date lines DL.

Then, when the second gate signal GS2 1s applied to the
second gate line GL2, the first pixel voltage V1 may be
decreased until 1t 1s lower than the data voltage, and the
second pixel voltage V2 may be increased until it 1s higher
than the data voltage. As a result, the second pixel voltage
V2 may be higher than the first pixel voltage V1.

According to an exemplary embodiment, the first sub-
strate 100 includes the voltage-increasing electrode 160
forming the up-voltage capacitor C_up. Alternatively, the
voltage-increasing electrode 160 may be omitted. The up-
voltage capacitor C_up may be omitted from the circuit of
FIG. 3.

When the up-voltage capacitor C_up 1s omitted, after the
first and second gate signals GS1 and GS2 are continuously
applied to the first and second gate lines GL1 and GL2, the
first pixel voltage V1 may be dropped lower than the data
voltage, and the second pixel voltage V2 may maintain a
level of the data voltage. As a result, a level of the second
pixel voltage V2 may be higher than that of the first pixel
voltage V1.

Hereinatiter, a method of manufacturing the first substrate
will be described with reference to FIGS. 1 and 2.

Referring again FIGS. 1 and 2, a gate metal layer 1s
formed on the first transparent substrate 110, and then the
gate metal layer 1s patterned to form the gate lines GL, the
storage lines SL, the gate electrodes GE of the dual transis-
tors DTFT and the connection gate electrodes CG of the
connection transistors CTFET.

Then, the first insulation layer 120 1s formed on the first
transparent substrate 110. The first insulation layer 120
covers the gate patterns formed from the gate metal layer.

Then, an active layer 1s formed on the first insulation layer
120, and the active layer 1s patterned to form the active
patterns AP of the dual transistors DTFT and the connection
active patterns CA of the connection transistors CTFT.

Then, a data metal layer 1s formed on the first insulation
layer 120. The data metal layer covers the active patterns AP
and the connection active patterns CA, and then the data
metal layer 1s patterned to form the data lines DL, the source
clectrodes SE and the first and second drain electrodes DE1
and DE2 of the dual transistors DTFT, the connection source
clectrodes CS and the connection drain electrodes CD of the
connection transistors CTFT, the voltage-decreasing elec-
trodes 150, the first contact electrodes 10 and the second
contact electrodes 20.
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According to an exemplary embodiment, the data metal
layer 1s formed after the active layer 1s patterned, and then
the data metal layer 1s patterned. Alternatively, the active
layer and the data metal layer are sequentially formed, and
then the active layer and the data metal may be patterned by
using the same mask.

Then, the second isulation layer 130 1s formed on the
first insulation layer 120. The second insulation layer 130
covers the data patterns formed from the data metal layer.
Then a portion of the second 1nsulation layer 130 1s removed
and the first and second contact holes 132 and 134 are
formed.

Then, a transparent metal layer 1s formed on the second
insulation layer 130, and then the transparent metal layer 1s
patterned to form a plurality of transparent metal patterns.
Here, the transparent metal patterns include the pixel elec-
trodes 140 and the voltage-increasing electrodes 160. Each
of the pixel electrodes 140 includes the first pixel part 142
clectrically connected to the first contact electrode 10
through the first contact hole 132, and the second pixel part
144 clectrically connected to the second contact electrode 20
through the second contact hole 134. Alternatively, the
voltage-increasing electrodes 160 may be omuitted.

FIG. 5 1s a plan view schematically illustrating a first
substrate of a display device according to an exemplary
embodiment of the present nvention. An exemplary
embodiment of the present invention includes a {first sub-
strate 100, a second substrate opposite to the first substrate
200 and a liquid crystal layer 300 interposed between the
first and second substrates 100 and 200.

Referring to FIG. 5, the first substrate 100 includes a
plurality of gate lines GL formed in the first direction DI,
a plurality of data lines DL formed 1n a second direction DI2
crossing the first direction DI1, and a plurality of pixel
clectrodes 140 electrically connected to the gate and data
lines GL and DL. For example, each of the pixel electrodes
140 1s disposed within the unit pixels arranged in a matrix
shape. For example, the number of the pixel electrodes 140
may be 4,096x2,160. For example, the number of the pixel
clectrodes 140 may be 3,840x2,160.

The gate lines GL may include a first gate line GL1 and
a second gate line GL2 that are adjacent to each other and
transier a first gate signal and a second gate signal, respec-
tively. The first gate line GLL1 may include a first upper line
(GL1-a and a first lower line GL1-b that are adjacent to each
other, and the second gate line GL2 may include a second
upper line GL2-a and a second lower line GL2-b that are
adjacent to each other. The first upper line GL1-a, the first
lower line GL1-b, the second upper line GL2-a and the
second lower line GL2-b correspond with the four rows of
the pixel electrodes 140 1n the second direction DI2.

The data lines DL may be formed at both sides of each
row of the pixel electrodes 140. For example, a first data line
1s disposed at a left side of the pixel electrodes that are
arranged 1 a first row and provide odd-numbered pixel
clectrodes of the first row pixel electrodes with the data
voltages. A second data line 1s disposed at a right side of the
pixel electrodes that are arranged 1n the first row and provide
even-numbered pixel electrodes of the first row pixel elec-
trodes with the data voltages. Further, a third data line 1s
disposed at a left side of the pixel electrodes that are
arranged 1n a second row and provide even-numbered pixel
clectrodes of the second row pixel electrodes. A forth data
line 1s disposed at a right side of the pixel electrodes that are
arranged 1n a second row and provide the odd-numbered
pixel electrodes of the second row pixel electrodes with the
data voltages.
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When the data voltages applied to the data lines DL 1s
alternated such that there are different polarities along the
first direction DI1, and the polarities of the data voltage are
inverted with respect to each other for each frame, the pixel
clectrodes 140 may perform a dot inversion for each frame.

The second gate line GL.2 may include an upper voltage-
decreasing line GL2-c adjacent to the first upper line GL1-a,
and a lower voltage-decreasing line GL2-d adjacent to the
first lower line GL1-b. The upper voltage-decreasing line
GL2-c 1s disposed adjacent to the first upper line GL1-a and
transiers the second gate signal to the pixel electrodes
arranged 1n a first row. The lower voltage-decreasing line
(GL2-d 1s disposed adjacent to the first lower line GL1-b and
transfers the second gate signal to the pixel electrodes
arranged 1n a second row.

FIG. 6 1s an enlarged plan view illustrating a unit pixel of
the first substrate of FIG. 5. FIG. 7 1s an enlarged plan view
illustrating a portion of the unit pixel of FIG. 6. FIG. 8 1s a
cross-sectional view taken along a line II-IT' of FIG. 7.

Referring to FIGS. 6, 7 and 8, the first substrate 100 may
include a plurality of gate lines GL, a plurality of data lines
DL and a plurality of pixel electrode 140. The first substrate
100 may further include a first transparent substrate 110, a
plurality of storage lines SL, a first mnsulation layer 120, a
second insulation layer 130, a plurality of dual transistors
DTFT, a plurality of connection transistors CTFT, a plurality
of voltage-decreasing electrodes 150, a plurality of first
contact electrodes 10 and a plurality of second contact
clectrodes 20.

The first transparent substrate 110 may have a plate shape.
The first transparent substrate 110 may include a transparent
material such as glass, quartz, synthetic resins, efc.

The gate lines GL are formed on the first transparent
substrate 110, and are extended 1n a first direction DI1. For
example, first upper line GL1-a and an upper voltage-
decreasing line GL2-c are formed on the first transparent
substrate 110, and are extended in the first direction DI1.

The storage lines SL are formed on the first substrate 110
same as the gate lines GL, and overlap each of the pixel
clectrodes 140. Each of the storage lines SL may include a
first storage line ST1, a second storage line ST2 and a third
storage line ST3 that are extended along the first direction
DI1.

For example, the first storage line ST1 may be disposed
between the first upper line GL1-a and the upper voltage-
decreasing line GL2-a. The second storage line ST2 may be
disposed on the first upper line GL1-a. The third storage line
ST3 may be disposed below the upper voltage-decreasing
lines GL2-c.

The first insulation layer 120 i1s formed on the first
transparent substrate 110 and covers the gate lines GL and
the storage lines SL. The first insulation layer 120 may
include, for example, silicon oxide (510x), silicon nitride
(S1Nx), etc.

The data lines DL are formed on the first insulation layer
120, and are extended 1n a second direction DI2 crossing the
first direction DI1. Here, the first direction DI1 and the
second direction DI2 may be perpendicular to each other.

The first and second contact electrodes 10 and 20 are
formed on the first insulation layer 120, and are formed 1n
unit pixels, respectively. The first and second contact elec-
trode 10 and 20 may have a side with a square shape.

The second insulation layer 130 1s formed on the first
insulation layer 120 and covers the data lines DL, the first
contact electrode 10 and the second contact electrode 20. A
first contact hole 132 i1s formed through the second 1nsula-
tion layer 130 corresponding to the first contact electrode 10,
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and a second contact hole 134 1s formed through the second
insulation layer 130 corresponding to the second contact
clectrode 20. According to an exemplary embodiment, the
first and second contact hole 132 and 134 may have a square
shape. Fach area of the first and second contact holes 132
and 134 1s smaller than that of the first and second contact
clectrodes 10 and 20.

The pixel electrodes 140 are formed on the second
insulation layer 130, within each umt pixels. The pixel
clectrodes 140 may include an optically transparent and
clectrically conductive material. Each of the pixel electrodes
140 include a first pixel part 142 and a second pixel part 144
that are spaced apart from each other.

For example, the second pixel part 144 may be disposed
on the first pixel part 142. The first and second pixel parts
142 and 144 may have a substantially symmetrical shape
with respect to a center line which crosses a center portion
of a unit pixel along the first direction DI2. For example, the
first and second pixel parts 142 and 144 may be substantially
V-shaped. An area of the first pixel part 142 may be larger
than that of the second pixel part 144.

The first pixel part 142 makes electrical contact with the
first contact electrode 10 through the first contact hole 132.
The second pixel part 144 makes electrical contact with the
second contact electrode 20 through the second contact hole
134.

The first and second pixel parts 142 and 144 are formed
on the second insulation layer 130 and overlap with the
storage line SL. The first storage line ST1 may overlap with
the first pixel part 142, and the second storage line ST2 may
overlap with the second pixel part 144. The third storage line
ST3 may overlap with the first pixel part 142. Alternatively,
the first storage line ST1 may include a first storage part
ST1-a formed at a position corresponding to the first contact
clectrode 10, and the second storage line ST2 may include
a second storage part ST2-a formed at a position correspond-
ing to the second contact hole 20.

The second substrate (not shown) may include a second
transparent substrate, a plurality of color filters, a light-
blocking part, a planarization layer and a common electrode.

The second transparent substrate may be disposed to
opposite the first substrate 100. The color filters are formed
on the second transparent substrate and are opposite to the
pixel electrodes 140. The light-blocking part 1s disposed
between the color filters and block light. The planarization
layer may be formed on the color filters and the light-
blocking part and may planarize a surface of the display
device. The common electrode 1s formed on the planariza-
tion layer. The common electrode may include an optically
transparent and electrically conductive material. The com-
mon electrode includes a plurality of domain-dividing
grooves to divide each of the first pixel parts 142 and the
second pixel parts 144 into a plurality of domains. For
example, the domain-dividing groove may be substantially
V-shaped and may correspond to the first pixel part 142 and
the second pixel part 144.

Hereinafter, the dual transistors DTFT, the connection
transistors CTFT and the voltage-decreasing electrodes 150
of the first substrate 100 will be described 1n detail.

Each of the dual transistors DTFT may include a gate
clectrode GE, an active pattern AP, a source electrode SE, a
first drain electrode DE1 and a second drain electrode DE2.

The gate electrode GE may protrude from the first upper
line GL1-a. The active pattern AP i1s formed on the first
insulation layer 120 and overlaps with the gate electrode GE.
The source electrode SE 1s connected to the data line DL,
and overlaps a portion of the active pattern AP. The source
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clectrode SE may include a lower opening electrode having
a U-shape opened toward a lower side and an upper opening
clectrode having a U-shape opened toward an upper side.

The first drain electrode DE1 and the second drain elec-
trode DE2 are formed on the first insulation layer 120 and
are spaced apart from each other. The first and second drain
clectrodes DE1 and DE2 are spaced apart from the source
clectrode SE, and overlap a portion of the active pattern AP.

The first drain electrode DE1 1s formed between the lower
opening clectrodes, and 1s extended toward a lower side
along a second direction DI2 and is electrically connected to
the first contact electrode 10. The second drain electrode
DE?2 1s formed between the upper opening electrodes, and 1s
extended toward an upper side along a second direction DI2
and 1s electrically connected to the second contact electrode
20.

Each of the connection transistors C1FT may include a
connection gate electrode CG, a connection active pattern
CA, a connection source electrode C(G and a connection
drain electrode CD.

The connection gate electrode CG may protrude form the
upper voltage-decreasing line GL2-c. The connection active
pattern CA 1s formed on the first insulation layer 120 and
overlaps with the connection gate electrode CG. The con-
nection source electrode CS 1s formed on the first insulation
layer 120, and overlaps with a portion of the connection
active pattern CA. The connection source electrode CS 1s
extended toward the first storage line ST1 and 1s electrically
connected to the first contact electrode 10. The connection
drain electrode CD 1s formed on the first insulation layer
120, and overlaps with a portion of the connection active
pattern (CA). The connection drain electrode CD 1s spaced
apart from the connection source electrode CS, and 1is
extended toward the third storage line ST3.

The voltage-decreasing electrodes 150 1s formed on the
first 1nsulation layer 120 and overlaps with the third storage
line ST3 of the storage lines SL. Each of the voltage-
decreasing electrodes 150 1s electrically connected to the
connection drain electrode CD. The third storage line ST3
may include the third storage part ST3-a formed at a position
corresponding to the voltage decreasing electrode 150. The
storage line SL and the voltage-decreasing electrode 150
may define a down-voltage capacitor C_down.

According to an exemplary embodiment, an electrical
connection relationship of the unit pixel described above
with respect to FIG. 6 1s substantially the same as the
clectrical connection relationship of display device
described above with respect to FIG. 3 except that an
up-voltage capacitor 1s not imncluded 1n the unit pixel.

Moreover, a voltage variation of the first and second pixel
parts 142 and 144 1n FIG. 6 1s substantially the same as a
voltage variation of the first and second pixel voltages 142
and 144 of display device as described above with respect to
FIG. 4 except for the effect of the up-voltage capacitor.

Hereinatiter, a method of manufacturing the first substrate
will be described with reference to FIGS. 6, 7 and 8.

Referring again to FIGS. 6, 7 and 8, a gate metal layer 1s
formed on the first transparent substrate 110, and the gate
metal layer 1s patterned to form the gate lines GL, the storage
lines SL, the gate electrodes GE of the dual transistors DTFT
and the connection gate electrodes CG of the connection
transistors CTFT. Here, each of the gate lines GL may
include the first and second gate lines GLL1 and GL2, and
cach of the storage lines DL may include the first, second
and third storage lines ST1, ST2 and ST3.
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Then, the first msulation layer 120 1s formed on the first
transparent substrate 110 to cover gate patterns formed from
the gate metal layer.

Then, an active layer 1s formed on the first insulation layer
120, and then the active layer 1s patterned to form the active
patterns AP of the dual transistors DTFT and the connection
active patterns CA of the connection transistors CTFT.

Then, a data metal layer 1s formed on the first insulation
layer 120 to cover the active patterns AP and the connection
active patterns CA. The data metal layer 1s patterned to form
the data lines DL, the source electrodes SE and the first and
second drain electrodes DE1 and DE2 of the dual transistors
DTFT, the connection source electrodes CS and the connec-
tion drain electrodes CD of the connection transistors CTFT,
the voltage-decreasing electrodes 150, the first contact elec-
trodes 10 and the second contact electrodes 20.

According to an exemplary embodiment of the present
invention, the data metal layer 1s formed after the active
layer 1s patterned, and then the data metal layer 1s patterned.
Alternatively, the active layer and the data metal layer are
sequentially formed, and then the active layer and the data
metal may be patterned by using the same mask.

Then, the second msulation layer 130 1s formed on the
first msulation layer 120 such that the second insulation
layer 130 covers the data patterns formed from the data
metal layer, and then a portion of the second insulation layer
130 1s removed to form the first and second contact holes
132 and 134.

Then, a transparent metal layer 1s formed on the second
insulation layer 130, and the transparent metal layer is
patterned forming the pixel electrodes 140. Each of the pixel
clectrodes 140 may include the first pixel part 142 electri-
cally connected to the first contact electrode 10 through the
first contact hole 132, and the second pixel part 144 e¢lec-
trically connected to the second contact electrode 20 through
the second contact hole 134. The second pixel part 144 1s
disposed on the first pixel part 142.

According to exemplary embodiments of the present
invention, a first drain electrode of a dual transistor and a
connection source electrode of a connection transistor are
clectrically connected to a first contact electrode. A conven-
tional contact electrode that 1s electrically connected to a
connection drain electrode of the connection transistor may
be omitted. Therefore, as the conventional contact electrode
that overlaps a first pixel part to reduce an aperture ratio 1s
omitted, the aperture ratio of the display device may be
increased.

The foregoing 1s illustrative of exemplary embodiments
ol the present invention and 1s not to be construed as limiting
to the invention. Although exemplary embodiments of the
present mvention have been described, those skilled 1n the
art will readily appreciate that many modifications may be
made to the exemplary embodiments without materially
departing from the present imnvention.

What 1s claimed 1s:

1. A display substrate comprising:

a gate line formed in a first direction, the gate line
comprising a first gate line and a second gate line
adjacent to the first gate line;

a data line formed 1n a second direction;

a pixel electrode having a first pixel part and a second
pixel part that are spaced apart from each other;

a storage line overlapping the first and second pixel parts;

a dual transistor electrically connected to the first gate line
and the data line, the dual transistor having a first drain
electrode and a second drain electrode,
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wherein a first source electrode and a second source
electrode are connected to the data line;
a connection transistor electrically connected to the sec-

ond gate line;

a voltage-decreasing electrode disposed on the storage °
line, the voltage-decreasing electrode being connected
to a connection drain electrode of the connection tran-
sistor:;

a first contact electrode overlapping the first pixel part and
clectrically connected to the first pixel part, the first
contact electrode being connected to the first drain
clectrode of the dual transistor and a connection source
electrode of the connection transistor; and

a second contact electrode overlapping the second pixel
part and electrically connected to the second pixel part,
the second contact electrode being connected to the
second drain electrode of the dual transistor,

wherein the first contact electrode, the first drain elec-
trode and the comnection source electrode form a >0
contiguous line extending from the first drain electrode
to the connection source electrode.

2. The display substrate of claim 1, wherein the gate line,
the storage line, a gate electrode of the dual transistor and a
connection gate electrode of the connection transistor are 25
patterned from an identical gate metal layer and form a
plurality of gate patterns.

3. The display substrate of claim 2, wherein the data line,

[a source electrode] the first and second source electrodes of
the dual tramsistor and [a drain electrode] the first and 30
second drain electrodes of the dual transistor, the connection
source electrode and the connection drain electrode of the
connection transistor, the voltage-decreasing electrode, the
first contact electrode and the second contact electrode are
patterned from an i1dentical data metal layer and form a 35
plurality of data patterns.

4. The display substrate of claim 3, further comprising:

a first 1insulation layer formed between the gate patterns

and the data patterns; and

a second 1insulation layer formed between the data pat- 40
terns and the pixel electrode.

5. The display substrate of claim 4, wherein the second
insulation layer has a first contact hole through which the
first pixel part and the first contact electrode are electrically
connected, and the second 1nsulation layer also has a second 45
contact hole through which the second pixel part and the
second contact electrode are electrically connected.

6. The display substrate of claim 1, further comprising a
voltage-increasing electrode disposed on the voltage-de-
creasing electrode, the voltage-increasing electrode being 50
clectrically connected to the second pixel part of the pixel
clectrode.

7. The display substrate of claim 6, wherein the pixel
clectrode and the voltage-increasing electrode are patterned
from an 1dentical transparent metal layer and form a plural- 55
ity of transparent metal patterns.

8. The display substrate of claim 1, wherein the second
pixel part of the pixel electrode covers a portion of the first
pixel part of the pixel electrode.

9. The display substrate of claim 8, wherein the first pixel 60
part of the pixel electrode and the second pixel part of the
pixel electrode are each substantially symmetrical with
respect to a center line which crosses center portion of a unit
pixel along the first direction.

10. The display substrate of claim 1, wherein the second 65
pixel part of the pixel electrode 1s spaced apart from the first
pixel part of the pixel electrode 1n the second direction.
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11. The display substrate of claim 10, wherein the first
pixel part of the pixel electrode and the second pixel part of
the pixel electrode are substantially symmetrical waith
respect to a center line which crosses a center portion of a
unmt pixel along the second direction.

12. The display substrate of claim 10, wherein the first and
second gate lines are overlapped with the first pixel part of
the pixel electrode.

13. The display substrate of claim 12, wherein the storage
line comprises:

a first storage line disposed between the first gate line and
the second gate line, the first storage line overlapping
with the first pixel part of the pixel electrode; and

a second storage line disposed on the gate line, the second
storage line overlapping with the second pixel part of
the pixel electrode.

14. The display substrate of claim 13, wherein the storage
line further comprises a third storage line disposed below the
first gate line and overlapping with the first pixel part of the
pixel electrode, wherein the third storage line 1s overlapped
with the voltage-decreasing electrode and forms a down-
voltage capacitor.

15. A display device comprising;:

a first substrate:

a second substrate opposite to the first substrate; and

a liquid crystal layer interposed between the first substrate
and the second substrate,

the first substrate comprising:

a gate line formed 1n a first direction, the gate line
comprising a first gate line and a second gate line
adjacent to the first gate line;

a data line formed 1n a second direction;

a pixel electrode having a first pixel part and a second
pixel part that are spaced apart from each other;

a storage line overlapping the first and second pixel
parts;

a dual transistor electrically connected to the first gate
line and the data line, the dual transistor having a first
drain electrode and a second drain electrode, wherein
a first source electrode and a second source elec-
trode arve connected to the data line;

a connection transistor electrically connected to the
second gate line;

a voltage-decreasing electrode disposed on the storage
line, the voltage-decreasing electrode being con-
nected to a connection drain electrode of the con-
nection transistor;

a {irst contact electrode overlapping the first pixel part
and electrically connected to the first pixel part, the
first contact electrode being connected to the first
drain electrode of the dual transistor and a connec-
tion source electrode of the connection transistor:;
and

a second contact electrode overlapping the second pixel
part and electrically connected to the second pixel
part, the second contact electrode being connected to
the second drain electrode of the dual transistor,

wherein the first contact electrode, the first drain elec-

trode and the comnection source electrode form a

contiguous line extending from the first dvain electrode

to the connection source electrode.

16. The display claim 15, wherein the second substrate
comprises a common electrode having a domain-dividing
groove which divides the first and second pixel parts of the
pixel electrode and forms a plurality of domains.
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17. The display device of claim 15, wherein the first
contact electrode, the first drain electrode and the connec-
tion source electrode are formed from a same layer as the
data line.

18. The display device of claim 15, wherein the contigu-
ous line comprises a first portion extending in the first
direction, and a second portion extending in the second
direction.

19. The display device of claim 15, wherein a length of the
contiguous line according to the second direction is larger
than a length of the first pixel part according to the second
direction.

20. The display device of claim 15, wherein a length from
the first drain electrode to the first contact electrode is larger
than a length from the second drain electrode to the second
contact electrode.

21. The display substrate of claim 1, wherein the first
contact electrode, the first drain electrode and the connec-
tion source electrode are formed from a same layer as the
data line.

22. The display substrate of claim I, wherein the con-
tiguous line comprises a first portion extending in the first
dirvection, and a second portion extending in the second
direction.
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23. The display substrate of claim I, whevein a length of 25

the conmntiguous line according to the second divection is
lavger than a length of the first pixel part according to the
second direction.

24. The display substrate of claim 1, wherein a length
from the first dvain electrode to the first contact electrode is
lavger than a length from the second drain electrode to the
second contact electrode.

G e x Gx ex
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