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(57) ABSTRACT

1n a thin film transistor, first and second thin film transistors
are connected to an N gate line and an M data line, and first
and second sub pixel electrodes are connected to the first and
second thin film transistors, respectively. A third thin film
transistor includes a gate electrode connected to an (N+1)”
gate line, a semiconductor layer overlapping with the gate
electrode, a source electrode connected to the second sub
pixel electrode and partially overlapping with the gate elec-
trode, and a drain electrode facing the source electrode. A first
auxiliary electrode is connected to the drain electrode and
arranged on the same layer as the first and second sub pixel
electrodes. An opposite electrode is arranged on the same
layer as the gate line and at least partially overlaps with the
first auxiliary electrode with at least one insulating layer
disposed therebetween.
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THIN FILM TRANSISTOR SUBSTRATE,
LIQUID CRYSTAL DISPLAY HAVING THE
SAME, AND METHOD OF MANUFACTURING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 12/255,908, filed on Oct. 22, 2008, and claims
priority from and the benefit of Korean Patent Application
No. 10-2007-0124739, filed on Dec. 4, 2007, both of which
are hereby incorporated by reference for all purposes as if
fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] Thepresent invention relates generally to a thin film
transistor substrate, a liquid crystal display having the same,
and a method of manufacturing the same. More particularly,
the present invention relates to a thin film transistor substrate
and a liquid crystal display having the is same that may have
improved side visibility, as well as to a method of manufac-
turing the same.

[0004] 2. Discussion of the Background

[0005] Various electronics, such as mobile phones, TV,
and laptop computers include a display device to represent
images. Recently, flat panel display devices are widely used
due to their compact and slim size.

[0006] A liquid crystal display (LCD) device, which is one
typeofflat display that is widely used, includes two substrates
that have electrodes to generate electric fields, such as pixel
electrodes and a common electrode, and a liquid crystal layer
disposed between the two substrates. In the field of LCD
industries, wide viewing angle technologies have been devel-
oped to overcome the side visibility limitations of LCDs, such
as image distortions.

[0007] A representative wide viewing angle technology
uses a vertical alignment (VA) mode. In the VA mode, a wide
viewing angle can be obtained by enabling liquid crystal
molecules to be symmetrically driven using a fringe electric
field generated by slits or protrusions, which are arranged on
the common electrode and pixel electrode.

[0008] To improve side visibility, one pixel electrode may
be divided into two different sub pixel electrodes, which
receive voltages having different gray scales. Recent research
has focused on reducing the number of steps in the manufac-
turing process.

SUMMARY OF THE INVENTION

[0009] The present invention provides a thin film transistor
(TFT) substrate that may have improved side visibility and a
simplified manufacturing process.

[0010] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0011] Thepresent invention discloses a thin film transistor
substrate including first, second, and third thin film transis-
tors, first and second sub pixel electrodes, a first auxiliary
electrode, and an opposite electrode. The first and second thin
film transistors are connected to an N” gate line and an M”
data line, and the first and second sub pixel electrodes are
connected to the first and second thin film transistors, respec-
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tively. The third thin film transistor includes a gate electrode
connected to an (N+1)” gate line, a semiconductor layer
overlapping with the gate electrode, a source electrode con-
nected to the second sub pixel electrode and partially over-
lapping with the gate electrode, and a drain electrode facing
the source electrode. The first auxiliary electrode is connected
to the drain electrode and arranged on the same layer as the
first and second sub pixel electrodes. The opposite electrode
is arranged on the same layer as the gate line and at least
partially overlaps with the first auxiliary electrode with at
least one insulating layer disposed between the opposite elec-
trode and the first auxiliary electrode.

[0012] The present invention also discloses a thin film tran-
sistor substrate including first, second, and third thin film
transistors, first and second sub pixel electrodes, and first and
second auxiliary electrodes. The first and second thin film
transistors are connected to an N* gate line and an M data
line, and the first and second sub pixel electrodes are con-
nected to the first and second thin film transistors, respec-
tively. The third thin film transistor includes a gate electrode
connected to an (N+1)” gate line, a semiconductor layer
overlapping with the gate electrode, a source electrode elec-
trically connected to the second sub pixel electrode and par-
tially overlapping with the gate electrode, and a drain elec-
trode facing the source electrode. The first auxiliary electrode
is connected to the drain electrode and arranged on the same
layer as the first and second sub pixel electrodes, and the
second auxiliary electrode is arranged on the same layer as
that of the gate line and at least partially overlaps with the first
sub pixel electrode with at least one insulating layer disposed
between the second auxiliary electrode and the first sub pixel
electrode.

[0013] The present invention also discloses a method
manufacturing a thin film transistor substrate, including
forming a gate pattern through a first mask process, forming
a gate insulating layer on the gate pattern, forming an impu-
rity-doped amorphous silicon layer on the gate insulating
layer, forming a data pattern through a second mask process,
forming at least one protective layer through a third mask
process, and forming a first sub pixel electrode, a second sub
pixel electrode, and a first auxiliary electrode through a fourth
mask process. The gate pattern includes a gate line, a first gate
electrode, a second gate electrode, a third gate electrode, a
storage line, and an opposite electrode, and the data pattern
includes a data line, a first source electrode, a second source
electrode, a third source electrode, a first drain electrode, a
second drain electrode, and a third drain electrode. The first
auxiliary electrode at least partially overlaps with the oppo-
site electrode with the gate insulating layer and the at least one
protective layer therebetween.

[0014] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0016] FIG. 1 is an equivalent circuit diagram showing an
n” pixel region of a TFT substrate according to an exemplary
embodiment of the present invention.
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[0017] FIG. 2 is a plan view showing a pixel region of a
liquid crystal display according to an exemplary embodiment
of the present invention.

[0018] FIG.3 is a cross sectional view of the liquid crystal
display taken along line I-I' of FIG. 2.

[0019] FIG. 4 is a plan view showing a pixel region of a
liquid crystal display according to another exemplary
embodiment of the present invention.

[0020] FIG. 5 is a cross sectional view of the liquid crystal
display taken along line I-I' of FIG. 4.

[0021] FIG.6,FIG.7,FIG. 8A,FIG.8B, FIG.9A, and FIG.
9B are cross sectional views showing a manufacturing pro-
cess of the TFT substrate shown in FIG. 3.

[0022] FIG. 10, FIG. 11, FIG. 12A, FIG. 12B, FIG. 13A,
and FIG. 13B are cross sectional views showing a manufac-
turing process of the TFT substrate shown in FIG. 5.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0023] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

[0024] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
there between. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0025] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers, and/or sections, these
elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer, or
section from another element, component, region, layer, or
section. Thus, a first element, component, region, layer, or
section discussed below could be termed a second element,
component, region, layer, or section without departing from
the teachings of the present invention.

[0026] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a,” “an,” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “includes” and/or
“comprising,” or “includes” and/or “including” when used in
this specification, specify the presence of stated features,
regions, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, regions, integers, steps, operations, ele-
ments, components, and/or groups thereof.

[0027] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to other elements as illus-
trated in the Figures. It will be understood that relative terms
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are intended to encompass different orientations of the device
in addition to the orientation depicted in the Figures. For
example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on “upper” sides of the other
elements. The exemplary term “lower”, can therefore,
encompasses both an orientation of “lower” and “upper,”
depending of the particular orientation of the figure. Simi-
larly, ifthe device in one of the figures is turned over, elements
described as “below” or “beneath” other elements would then
be oriented “above” the other elements. The exemplary terms
“below” or “beneath” can, therefore, encompass both an ori-
entation of above and below. The device may be otherwise
oriented (rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein interpreted accord-
ingly.

[0028] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0029] Embodiments of the present invention should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes that result,
for example, from manufacturing. For example, a region
illustrated or described as flat may, typically, have rough
and/or nonlinear features. Moreover, sharp angles that are
illustrated may be rounded. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present invention.

[0030] FIG. 1is an equivalent circuit diagram showing an
n? pixel region of a liquid crystal display according to an
exemplary embodiment of the present invention.

[0031] Referring to FIG. 1, the pixel region includes a first
sub pixel region P1, a second sub pixel region P2, and firstand
second TFTs Tnl and Tn2 connected to an n” gate line GLn
and an m™ data line DLm. The pixel further includes a third
TFT Tn3 connected to an (n+1)” gate line GLn+1, and a
voltage-up capacitor Cup and a voltage-down capacitor
Cdown connected to the third TFT Tn3 to adjust a voltage
charged to the first sub pixel region P1 and a voltage charged
to the second sub pixel region P2.

[0032] The first sub pixel region P1 includes a first liquid
crystal (LC) capacitor H_Clc and a first storage capacitor
H_Cst connected to the first TFT Tnl. The second sub pixel
region P2 includes a second liquid crystal (LC) capacitor
L_Clc and a second storage capacitor I._Cst connected to the
second TFT Tn2.

[0033] The first and second TFTs Tnl and Tn2 are com-
monly connected to the n gate line GLn and the m™ data line
DLm. Accordingly, the first and second TFTs Tn1 and Tn2 are
simultaneously turned on when a gate on voltage is applied to
the n” gate line GLn, and simultaneously supply data volt-
ages to the first and second sub pixel regions P1 and P2 via the
m™ data line DLm. Thus, the same data voltage may be
charged to the first and second sub pixel regions P1 and P2.

[0034] The third TFT Tn3 is connected to the (n+1)” gate
line GLn+1, the second TFT Tn2, and the voltage-down
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capacitor Cdown. Accordingly, the third TFT Tn3 is turned on
when a gate on voltage is applied to the (n+1)” gate line
GLn+1, so that a charge share occurs in the voltage-down
capacitor Cdown, which drops the level of voltage charged to
the second sub pixel region P2.

[0035] As a consequence. the voltage charged to the first
sub pixel region P1 has a different level than the voltage
charged to the second sub pixel region P2. The voltage
charged to the second sub pixel region P2 may have a lower
effective value than the voltage charged to the first sub pixel
region P1. The voltage charged to the first pixel region P1 may
be raised to further improve the side visibility of the pixel
region. The voltage-up capacitor Cup is provided to raise the
voltage charged to the first sub pixel region P1.

[0036] The voltage-up capacitor Cup is connected between
the voltage-down capacitor Cdown and the first TFT Tn1. The
voltage-up capacitor Cup may raise the voltage charged to the
first sub pixel region P1 through a charge share with the
voltage-down capacitor Cdown.

[0037] FIG. 2 is a plan view showing a pixel region of a
liquid crystal display according to an exemplary embodiment
ofthe present invention. FIG. 3 is a cross sectional view of the
liquid crystal display taken along line I-I' of FIG. 2.

[0038] Referring to FIG. 2 and FIG. 3, the liquid crystal
display 50 includes a thin film transistor (TFT) substrate 100,
a color filter substrate 200, and a liquid crystal layer 300.
[0039] the TFT substrate 100 includes a first insulating
substrate 110, gate lines 120a and 1205, a storage line 125, an
opposite electrode 126, a data line 160, first and second TFTs
Tnl and Tn2, first and second sub pixel electrodes 191 and
192, a third TFT Tn3, and an auxiliary electrode 193.
[0040] Thefirstinsulating substrate 110 may be made ofan
insulating material, such as glass or plastic.

[0041] The gate lines 120a and 1205 are arranged parallel
with each other on the first insulating substrate 110.

[0042] Thestorage line 125 is arranged on the same layer as
the gate lines 120a and 1205 and is arranged between the gate
lines 120a and 1204. The storage line 125 may be provided in
the pixel region in various forms. For example, the storage
line 125 may include a vertical portion that is near to and
parallel with the data line 160, a V-shaped bent portion, and an
extension portion that is adjacent to the gate lines 120a and
1205 and extends from the vertical portion.

[0043] The opposite electrode 126 is connected to the stor-
age line 125.

[0044] The data line 160 is perpendicular to the gate lines
120¢ and 1205, and insulated from the gate lines 120a and
1205 by a gate insulating layer 130.

[0045] Thefirst TFT Tnl includes a first gate electrode 121,
a first semiconductor layer 141, a first ohmic contact layer
151, a first source electrode 161, and a first drain electrode
162. The second TFT Tn2 includes a second gate electrode
122, a second semiconductor layer 142, a second ohmic con-
tact layer 152, a second source electrode 163, and a second
drain electrode 164.

[0046] The first gate electrode 121 and the second gate
electrode 122 may be commonly connected to the gate line
120q. The first and second semiconductor layers 141 and 142
are disposed on the gate insulating layer 130 to overlap the
first and second gate electrodes 121 and 122, respectively.
The first and second semiconductor layers 141 and 142 may
be made of amorphous silicon (a-Si). The first and second
semiconductor layers 141 and 142 may be made of polycrys-
talline silicon (p-Si). The first and second ohmic contact
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layers 151 and 152 may be disposed on the first and second
semiconductor layers 141 and 142, respectively, and may
include amorphous silicon.

[0047] The first and second source electrodes 161 and 163
are connected to the data line 160 on the first and second
semiconductor layers 141 and 142, respectively. The second
source electrode 163 may be adjacent to the first source elec-
trode 161. The first and second source electrodes 161 and 163
may overlap the first and second gate electrodes 121 and 122,
respectively.

[0048] The first drain electrode 162, which faces the first
source electrode 161, is connected to the first semiconductor
layer 141 via the first ohmic contact layer 151. The first drain
electrode 162 is connected to the first sub pixel electrode 191
through a first contact hole 181. The second drain electrode
164, which faces the second source electrode 163, is con-
nected to the second semiconductor layer 142 via the second
ohmic contact layer 152. The second drain electrode 164 is
connected to the second sub pixel electrode 192 through a
second contact hole 182.

[0049] The third TFT Tn3 includes a third gate electrode
123, a third semiconductor layer 143, a third ohmic contact
layer 153, a third source electrode 165, and a third drain
electrode 166.

[0050] The third gate electrode 123 is connected to the gate
line 12054. The third gate electrode 123 may be a part of the
gate line 1205 and may prevent lowering of the aperture ratio.
The third semiconductor layer 143 is disposed on the gate
insulating layer 130 to overlap the third gate electrode 123.
The third semiconductor layer 143 may be made of amor-
phous silicon (a-Si) or polycrystalline silicon (p-Si).

[0051] Thethird source electrode 165 is arranged to overlap
the third gate electrode 123 and the third semiconductor layer
143. The third source electrode 165 is connected to the third
semiconductor layer 143 via the third ohmic contact layer
153, and connected to the second sub pixel electrode 192
through a third contact hole 183. The third drain electrode 166
faces the third source electrode 165 and overlaps the third
semiconductor layer 143 and the third gate electrode 123. The
third drain electrode 166 overlaps the first sub pixel electrode
191. The third drain electrode 166 is connected to the first
auxiliary electrode 193 through a fourth contact hole 184.

[0052] Protective layers 171 and 172 are disposed on the
gate insulating layer 130, the data line 160, the first, second,
and third source electrodes 161, 163, and 165, and the first,
second, and third drain electrodes 162, 164, and 166. The
protective layer 171 may be made of an inorganic material,
and the protective layer 172 may be made of an organic
material or both protective layers 171 and 172 may be made
of an inorganic material. The protective layer 171 may
include SiN,, or SiO,. The protective layer 172 may include at
least one of acryloyl, polyimide, and benzocyclobutene. The
first protective layer 171 and the second protective layer 172
overlap each other to protect the first, second, and third TFTs
Tnl, Tn2, and Tn3 and improve the turn-off properties and the
aperture ratio.

[0053] The first sub pixel electrode 191 is disposed on the
protective layers 171 and 172 and is connected to the first
drain electrode 162 through a first contact hole 181. The first
sub pixel electrode 191 at least partially overlaps the storage
line 125 to form the first storage capacitor H_Cst. The first sub
pixel electrode 191 may be made of a transparent conductive
material, such as indium tin oxide (ITO), indium zinc oxide
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(IZ0), or indium tin zinc oxide (ITZO). The first sub pixel
electrode 191 may be V-shaped in the pixel region.

[0054] The first sub pixel electrode 191 at least partially
overlaps the third drain electrode 166, with the first and sec-
ond protective layers 171 and 172 therebetween, thereby
forming the voltage-up capacitor Cup. The first sub pixel
electrode 191 may be connected to the first drain electrode
162 and may at least partially overlap a drain electrode pattern
that is arranged on the same layer as the first drain electrode
162 to form the voltage-up capacitor Cup.

[0055] The second sub pixel electrode 192 is disposed on
the first and second protective layers 171 and 172, and is
connected to the second drain electrode 164 through the sec-
ond contact hole 182 and to the third source electrode 165
through the third contact hole 183. The second sub pixel
electrode 192 at least partially overlaps the storage line 125 to
form the second storage capacitor [,_Cst. Like the first sub
pixel electrode 191, the second sub pixel electrode 192 may
be made of a transparent material, such as ITO, IZ0, or ITZO.
The second sub pixel electrode 192 may be V-shaped in the
pixel region.

[0056] The first and second sub pixel electrodes 191 and
192 are separated by a separation portion 194. The separation
portion 194 may overlap the storage line 125 to prevent the
occurrence of light leakage in the separation portion 194. The
first and second sub pixel electrodes 191 and 192 may have
various shapes, such as “+” and “X”, as well as a V-shaped
form.

[0057] The first auxiliary electrode 193 is disposed on the
protective layers 171 and 172 and is connected to the third
drain electrode 166 through the fourth contact hole 184. The
first auxiliary electrode 193 may at least partially overlap the
opposite electrode 126, thereby forming the voltage-down
capacitor Cdown.

[0058] The first, second, and third semiconductor layers
141, 142, and 143, and the first, second, and third ohmic
contact layers 151, 152, and 153 are formed using the same
mask as the data line 160, the first, second, and third source
electrodes 161, 163, and 165, and the first, second, and third
drain electrodes 162, 164, and 166. And the first, second, and
third semiconductor layers 141, 142, and 143, and the first,
second, and third ohmic contact layers 151, 152, and 153 are
arranged under the data line 160, the first, second, and third
source electrodes 161, 163, and 165, and the first, second, and
third drain electrodes 162, 164, and 166, except in channel
regions.

[0059] Thecolor filter substrate 200 includes a second insu-
lating substrate 210, a black matrix 220, a color filter 230, a
planarization layer 240, and a common electrode 250.

[0060] The second insulating substrate 210 may be made of
an insulating material, such as glass or plastic. The black
matrix 220 may be a thin film of a metal such as chromium
(Cr) or chromium oxide (CrO,) and is disposed on the portion
of the second insulating substrate 210 corresponding to the
inactive portion of the liquid crystal display. The color filter
230 is disposed on the second insulating substrate 210 corre-
sponding to the active portion of the liquid crystal display,
which is opposite to the first and second sub pixel electrodes
191 and 192 on the TFT substrate 100. The planarization layer
240 is formed on the black matrix 220 and the color filter 230
and may be made of acrylic material. The common electrode
250 is disposed on the planarization layer 240 and may be
made of ITO or IZO.
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[0061] The liquid crystal layer 300 is disposed between the
TFT substrate 100 and the color filter substrate 200. The
liquid crystal layer 300 includes liquid crystal molecules to
control the transmission of light passing therethrough in
response to electric field formed between the TFT substrate
100 and the color filter substrate 200.

[0062] FIG. 4 is a plan view showing a pixel region of a
liquid crystal display according to another exemplary
embodiment of the present invention, and FIG. 5 is a cross
sectional view of the liquid crystal display taken along line I-I'
of FIG. 4.

[0063] Referring to FIG. 4 and FIG. 5, the liquid crystal
display 50 includes a TFT substrate 100, a color filter sub-
strate 200, and a liquid crystal layer 300.

[0064] The TFT substrate 100 includes a first insulating
substrate 110, gate lines 120¢ and 1205, a storage line 125, an
opposite electrode 126, a data line 160, first and second TFTs
Tnl and Tn2, first and second sub pixel electrodes 191 and
192, a third TFT Tn3, and first and second auxiliary elec-
trodes 193 and 127.

[0065] The opposite electrode 126 is connected to the stor-
age line 125.

[0066] The first sub pixel electrode 191 is disposed on the
protective layers 171 and 172 and is connected to the first
drain electrode 162 through a first contact hole 181.

[0067] The first auxiliary electrode 193 is connected to the
third drain electrode 166 through the fourth contact hole 184
and to the second auxiliary electrode 127 through a fifth
contact hole 185. The first auxiliary electrode 193 overlaps
the opposite electrode 126 at least partially, with at least one
insulating layer, for example, the protective layers 171 and
172, disposed therebetween, thereby forming the voltage-
down capacitor Cdown.

[0068] The second auxiliary electrode 127 is disposed on
the same layer as the storage line 125 and is connected to the
first auxiliary electrode 193. The second auxiliary electrode
127 overlaps the first sub pixel electrode 191, with the gate
insulating layer 130 and the first and second protective layers
171 and 172 disposed therebetween, thereby forming the
voltage-up capacitor Cup. Accordingly. the second auxiliary
electrode 127 may cause a charge share between the voltage
charged to the voltage-down capacitor Cdown and the voltage
charged to the voltage-up capacitor Cup.

[0069] The first, second, and third semiconductor layers
141, 142, and 143, and the first, second, and third ohmic
contact layers 151, 152, and 153 are formed using the same
mask as the data line 160, the first, second, and third source
¢electrodes 161, 163, and 165, and the first, second, and third
drain electrodes 162, 164, and 166. And the first, second, and
third semiconductor layers 141, 142, and 143, and the first,
second, and third ohmic contact layers 151, 152, and 153 are
arranged under the data line 160, the first, second, and third
source electrodes 161,163, and 165, and the first, second, and
third drain electrodes 162, 164, and 166, except forin channel
regions.

[0070] Thedescriptions of the same components as those of
FIG. 2 and FIG. 3 will not be repeated.

[0071] FIG.6,F1G.7,FIG. 8A,FIG. 8B, FIG. 9A, and FIG.
9B are cross sectional views showing a manufacturing pro-
cess of the TFT substrate shown in FIG. 3.

[0072] FIG. 6 shows forming a gate pattern through a first
mask process.

[0073] Referring to FIG. 6, a gate pattern is formed using
the first mask process. The gate pattern includes a gate line,
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first, second, and third gate electrodes 121, 122, and 123, a
storage line 125, and an opposite electrode 126.

[0074] More specifically, a gate metallic layer is first
formed on a first insulating substrate 110 using a deposition
method, such as sputtering. The gate metallic layer may be
made of Mo, Al, Cr, Cu, or an alloy thereof. The gate metallic
layer may be a single layer or multiple layers.

[0075] Next, the gate pattern is formed through photoli-
thography and etching using a first mask.

[0076] FIG. 7 shows forming a data pattern through a sec-
ond mask process.

[0077] Referring to FIG. 7, a gate insulating layer 130, and
an impurity-doped amorphous silicon layer are sequentially
deposited on the insulating substrate 110 on which the gate
pattern has been formed, using a deposition method, such as
plasma enhanced chemical vapor deposition (PECVD) or
chemical vapor deposition (CVD). A data metallic layer is
formed on the impurity-doped amorphous silicon layer using
a deposition method, such as sputtering.

[0078] The gate insulating layer 130 may be made of sili-
con nitride SiN or silicon oxide SiO,. The data metallic layer
may be made of Mo, Al, Cr, Cu, or an alloy thereof. The data
metallic layer may be a single layer or multiple layers.
[0079] Next, photoresist is applied and then a photoresist
pattern having steps is formed through photolithography
using a second mask. The photoresist partially remains on
regions where channels for the first, second, and third TFTs
Tnl, Tn2, and Tn3 are formed, wholly on a region where the
data pattern is formed, and is removed from the remaining
parts.

[0080] Subsequently, the data metallic layer of the pixel
region is etched using a first etching process, and the impu-
rity-doped amorphous silicon layer is etched using a second
etching process. Then, a uniform depth of the photoresist is
eliminated using an ashing process. The impurity-doped
amorphous silicon of the channel region is removed through
a third etching process, and then the remaining photoresist is
eliminated to form the data pattern, which includes the data
line, the first, second, and third source electrodes 161, 163,
and 165, and the first, second, and third drain electrodes 162,
164, and 166. The first, second, and third semiconductor
layers 141,142, and 143 and the first, second, and third ohmic
contact layers 151, 152, and 153 are formed under the data
pattern.

[0081] FIG. 8A and FIG. 8B show alternatives for forming
protective layers through a third mask process.

[0082] Referring to FIG. 8A and FIG. 8B, the protective
layers 171 and 172, which include first, second, third, and
fourth contact holes 181, 182, 183, and 184 are formed
through a third mask process.

[0083] Aninorganic material may be deposited on the insu-
lating substrate 110, on which the data pattern has been
formed, through a deposition method, such as PECVD and
CVD, as shown in FIG. 8A. Next, the inorganic protective
layer 171 is formed through photolithography and etching
using the third mask, which includes the first, second, third,
and fourth contact holes 181, 182, 183, and 184.

[0084] Additionally, an organic material may be further
deposited after the deposition of the inorganic material, as
shown in FIG. 8B. In this case, the inorganic protective layer
171 and organic protective layer 172 are formed through
photolithography and etching using the third mask, which
includes the first, second, third, and fourth contact holes 181,
182, 183, and 184.
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[0085] FIG. 9A and FIG. 9B show forming the first and
second sub pixel electrodes and auxiliary electrodes through
a fourth mask process.

[0086] Referring to FIG. 9A and FIG. 9B, the pixel elec-
trode pattern, which includes the first sub pixel electrode 191,
the second sub pixel electrode 192, and the first auxiliary
electrode 193, is formed through a fourth mask process.
[0087] More specifically, firstly, a transparent conductive
material, such as ITO, IZO, or ITZO is deposited on an
inorganic protective layer 171 or organic protective layer 172
using a deposition method, such as sputtering. Then, the first
and second sub pixel electrodes 191 and 192, and the first
auxiliary electrode 193 are patterned through photolithogra-
phy and etching using a fourth mask. The first and second sub
pixel electrodes 191 and 192 are separated from each other by
the separation portion 194.

[0088] More specifically, the first sub pixel electrode 191
overlaps the third drain electrode 166 with the inorganic
protective layer 171 therebetween, as shown in FIG. 9A.
Accordingly, the first sub pixel electrode 191 and the third
drain electrode 166 form the voltage-up capacitor Cup. Alter-
natively, the first sub pixel electrode 191 may at least partially
overlap the third drain electrode 166, with the inorganic pro-
tective layer 171 and the organic protective layer 172 ther-
ebetween, thereby forming the voltage-up capacitor Cup, as
shown in FIG. 9B.

[0089] The second sub pixel electrode 192 is connected to
the second drain electrode 164 and the third source electrode
165 via the second contact hole 182 and the third contact hole
183, respectively.

[0090] The first auxiliary electrode 193 is connected to the
third drain electrode 166 through the fourth contact hole 184.
More specifically, the first auxiliary electrode 193 at least
partially overlaps the opposite electrode 126, with the gate
insulating layer 130 and inorganic protective layer 171 ther-
ebetween, as shown in FIG. 9A. Accordingly, the first auxil-
iary electrode 193 and the opposite electrode 126 form the
voltage-down capacitor Cdown. Alternatively, the first auxil-
iary electrode 193 may at least partially overlap the opposite
electrode 126, with the gate insulating layer 130, the inor-
ganic protective layer 171, and the organic protective layer
172 therebetween, thereby forming the voltage-down capaci-
tor Cup, as shown in FIG. 9B.

[0091] FIG. 10, FIG. 11, FIG. 12A, FIG. 12B, FIG. 13A,
and FIG. 13B are cross sectional views showing a manufac-
turing process of the TFT substrate shown in FIG. 5.

[0092] FIG. 10 shows forming a first pattern group through
a first mask process.

[0093] Referring to FIG. 10, a gate pattern is formed using
the first mask process. The gate pattern includes a gate line,
first, second, and third gate electrodes 121, 122, and 123, a
storage line 125, an opposite electrode 126, and a second
auxiliary electrode 127.

[0094] More specifically, a gate metallic layer is first
formed on an insulating substrate 110 through sputtering.
Next, a gate metallic layer is patterned through photolithog-
raphy and etching using a first mask to form the gate pattern.
[0095] FIG. 11 shows forming a data pattern through a
second mask process.

[0096] Referring to FIG. 11, a gate insulating layer 130 and
an impurity-doped amorphous silicon layer are sequentially
deposited on the insulating substrate 110, on which the gate
pattern has been formed. Next, a data metallic layer is depos-
ited on the impurity-doped amorphous silicon layer. Next,
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photoresist is applied and then a photoresist pattern having
steps is formed through photolithography using a second
mask. Subsequently, the data metallic layer, the impurity-
doped amorphous silicon layer, and amorphous silicon layer
are etched to form the data pattern, which includes the data
line, the first, second, and third source electrodes 161, 163,
and 165, and the first, second, and third drain electrodes 162,
164, and 166. The third drain electrode 166 does not overlap
the first sub pixel electrode 191.

[0097] FIG. 12A and FIG. 12B show alternatives for form-
ing protective layers through a third mask process.

[0098] Referring to FIG. 12A and FIG. 12B, the protective
layers 171 and 172, which include first, second, third, fourth,
and fifth contact holes 181, 182, 183, 184, and 185 are formed
through the third mask process.

[0099] Additionally, an inorganic material may be depos-
ited on the insulating substrate 110 on which the data pattern
has been formed, using a deposition method such as PECVD
and CVD, as shown in FIG. 8A. In this case, the inorganic
protective layer 171 is formed through photolithography and
etching using the third mask, which includes the first, second,
third, fourth, and fifth contact holes 181, 182, 183, 184, and
185.

[0100] An organic material may be further deposited after
the deposition of the inorganic material, as shown in FIG.
12B. Next, the inorganic protective layer 171 and organic
protective layer 172 are formed through photolithography
and etching using the third mask, which includes the first,
second, third, fourth, and fifth contact holes 181, 182, 183,
184, and 185.

[0101] FIG. 13A and FIG. 13B show forming the first and
second sub pixel electrodes, and auxiliary electrodes through
a fourth mask process.

[0102] Referring to FIG. 13A and FIG. 13B, the pixel elec-
trode pattern is formed through a fourth mask process, which
includes the first sub pixel electrode 191, the second sub pixel
electrode 192, and the first auxiliary electrode 193.

[0103] More specifically, firstly, a transparent conductive
material, such as ITO, IZ0, or ITZ0, is deposited on an
inorganic protective layer 171 or organic protective layer 172
through a deposition method, such as sputtering. Then, the
first and second sub pixel electrodes 191 and 192 and the first
auxiliary electrode 193 are patterned through photolithogra-
phy and etching using a fourth mask. The first and second sub
pixel electrodes 191 and 192 are separated from each other by
the separation portion 194.

[0104] More specifically, the first sub pixel electrode 191
overlaps the second auxiliary electrode 127 with the inor-
ganic protective layer 171 therebetween, as shown in FIG.
13A. Accordingly, the first sub pixel electrode 191 and the
second auxiliary electrode 127 form the voltage-up capacitor
Cup. Alternatively, the first sub pixel electrode 191 may at
least partially overlap the second auxiliary electrode 127,
with the inorganic protective layer 171 and the organic pro-
tective layer 172 therebetween, thereby to form the voltage-
up capacitor Cup, as shown in FIG. 13B.

[0105] The second sub pixel electrode 192 is connected to
the second drain electrode 164 and the third source electrode
165 via the second contact hole 182 and the third contact hole
183, respectively.

[0106] The first auxiliary electrode 193 is connected to the
third drain electrode 166 and the second auxiliary electrode
127 via the fourth contact hole 184 and the fifth contact hole
185, respectively, as shown in FIG. 13A. More specifically,
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the first auxiliary electrode 193 overlaps the opposite elec-
trode 126, with the gate insulating layer 130 and inorganic
protective layer 171 therebetween, as shown in FIG. 13A.
Accordingly, the first auxiliary electrode 193 and the opposite
electrode 126 form the voltage-down capacitor Cdown. Alter-
natively, the first auxiliary electrode 193 may overlap the
opposite electrode 126, with the gate insulating layer 130, the
inorganic protective layer 171, and the organic protective
layer 172 therebetween, thereby forming the voltage-down
capacitor Cup, as shown in FIG. 13B.

[0107] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A thin film transistor substrate comprising:

a first thin film transistor and a second thin film transistor
connected to an N7 gate line and an M? data line;

a first sub pixel electrode and a second sub pixel electrode
connected to the first thin film transistor and the second
thin film transistor, respectively;

a third thin film transistor comprising a gate electrode
connected to an (N+1)* gate line, a semiconductor layer
overlapping with the gate electrode, a source electrode
connected to the second sub pixel electrode and partially
overlapping with gate electrode, and a drain electrode
facing the source electrode;

a first auxiliary electrode connected to the drain electrode
and arranged on the same layer as the first sub pixel
electrode and second sub pixel electrode; and

anopposite electrode arranged on the same layer as the gate
line and at least partially overlapping with the first aux-
iliary electrode with at least one insulating layer dis-
posed between the opposite electrode and the first aux-
iliary electrode.

2. The thin film transistor substrate of claim 1, wherein the

opposite electrode is connected to a storage line.

3. The thin film transistor substrate of claim 2, wherein the
drain electrode extends to overlap with the first sub pixel
electrode with at least one insulating layer disposed between
the drain electrode and the first sub pixel electrode.

4. The thin film transistor substrate of claim 2, further
comprising:

a second auxiliary electrode connected to the drain elec-
trode and at least partially overlapping with the first sub
pixel electrode with at least one insulating layer dis-
posed between the second auxiliary electrode and the
first sub pixel electrode, and

wherein the second auxiliary electrode is arranged on sub-
stantially the same layer as the gate line.

5. The thin film transistor substrate of claim 1, wherein the
at least one insulating layer has a double layer structure, the
double layer structure comprising an inorganic layer and an
organic layer.

6. The thin film transistor substrate of claim 1, wherein the
first thin film transistor, the second thin film transistor, and the
third thin film transistor are such that the semiconductor layer
overlaps the source electrode and the drain electrode except
for in channel regions.



US 2011/0310323 Al

7. The thin film transistor substrate of claim 1, wherein at
least on corner portion of the first sub pixel electrodes has an
oblique side.

8. The thin film transistor substrate of claim 7, wherein the
first auxiliary electrode has substantially polygonal shape,
and at least one side of the first auxiliary electrode is parallel
to the oblique side.

9. A liquid crystal display, comprising:

a first substrate;

a second substrate comprising a color filter and being

arranged opposite to the first substrate; and

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

wherein the first substrate comprises:
afirst thin film transistor and a second thin film transistor

connected to an N gate line and an M” data line;

a first sub pixel electrode and a second sub pixel elec-
trode connected to the first thin film transistor and the
second thin film transistor, respectively;

a third thin film transistor comprising a gate electrode
connected to an (N+1)” gate line, a semiconductor
layer overlapping with the gate electrode, a source
electrode connected to the second sub pixel electrode
and partially overlapping with the gate electrode, and
a drain electrode facing the source electrode;

is a first auxiliary electrode connected to the drain elec-
trode and arranged on the same layer as the first sub
pixel electrode and second sub pixel electrode; and

an opposite electrode arranged on the same layer as the
gate line and at least partially overlapping with the
first auxiliary electrode with at least one insulating
layer disposed between the opposite electrode and the
first auxiliary electrode.

10. The liquid crystal display of claim 9, wherein the oppo-
site electrode is connected to a storage line.

11. The liquid crystal display of claim 10, wherein the drain
electrode extends to overlap with the first sub pixel electrode
with at least one insulating layer disposed between the drain
electrode and the first sub pixel electrode.

12. The liquid crystal display of claim 10, further compris-
ing:

a second auxiliary electrode connected to the drain elec-
trode and at least partially overlapping with the first sub
pixel electrode with at least one insulating layer dis-
posed between the second auxiliary electrode and the
first sub pixel electrode, and

wherein the second auxiliary electrode is arranged on the
same layer as the gate line.

13. The liquid crystal display of claim 10, wherein at least
on corner portion of the first sub pixel electrodes has an
oblique side.

14. The liquid crystal display of claim 13, wherein the first
auxiliary electrode has substantially polygonal shape, and at
least one side of the first auxiliary electrode is parallel to the
oblique side.

15. A method manufacturing a thin film transistor sub-
strate, comptrising;

forming a gate pattern through a first mask process, the gate
pattern comprising a gate line, a first gate electrode, a
second gate electrode, a third gate electrode, a storage
line, and an opposite electrode;

forming a gate insulating layer on the gate pattern;

forming an impurity-doped amorphous silicon layer on the
gate insulating layer;
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forming a data pattern through a second mask process, the
data pattern comprising a data line, a first source elec-
trode, a second source electrode, a third source elec-
trode, a first drain electrode, a second drain electrode,
and a third drain electrode;

forming at least one protective layer through a third mask

process; and

forming a first sub pixel electrode, a second sub pixel

electrode, and a first auxiliary electrode through a fourth
mask process,

wherein the first auxiliary electrode at least partially over-

laps with the opposite electrode with the gate insulating
layer and the at least one protective layer therebetween.

16. The method of claim 15, wherein forming a gate pattern
through a first mask process comprises:

forming a gate metallic layer on an insulating substrate

through sputtering, and

patterning the gate metallic layer through photolithogra-

phy and etching using a first mask to form the gate
pattern.

17. The method of claim 16, wherein forming a data pattern
through a second mask process comprises:

sputtering a data metallic layer on the impurity-doped

amorphous silicon layer;

applying photoresist;

forming a photoresist pattern having steps through photo-

lithography using a second mask;

etching the data metallic layer of the pixel region using a

first etching process;

etching the impurity-doped amorphous silicon layer using

a second etching process;

removing a portion of the photoresist through an ashing

process;

removing the impurity-doped amorphous silicon of a chan-

nel region through a third etching process; and
removing the remaining photoresist to form the data pat-
tern.

18. The method of ¢laim 15, wherein forming at least one
protective layer through a third mask process comprises:

depositing an inorganic material on an insulating substrate;

and

forming the at least one protective layer through photoli-

thography and etching using a third mask.

19. The method of claim 18, wherein forming at least one
protective layer through a third mask process further com-
prises:

depositing an organic material after the deposition of the

inorganic material; and

forming the at least one protective layer through photoli-

thography and etching using the third mask after depos-
iting the organic material.

20. The method of claim 15, wherein the opposite electrode
is connected to the storage line.

21. The method of claim 15, wherein the first drain elec-
trode extends to overlap with the first sub pixel electrode with
at least one insulating layer disposed between the first drain
electrode and the first sub pixel electrode.

22. The method of claim 21, further comprising:

forming a second auxiliary electrode through the first mask

process, the second auxiliary electrode being connected
to the third drain electrode, at least partially overlapping
with the first sub pixel electrode, and being arranged on
the same layer as the gate line.
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