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(57) ABSTRACT 
In a thin ?lm transistor substrate, a method of manufacturing 
the same, and a display apparatus having the same, a thin 
?lm transistor, a gate member, and a storage member are 
formed on an insulating substrate. The gate member has a 
gate line and a gate electrode electrically connected to the 
gate line, and the storage member has a storage line, a ?rst 
storage electrode, and a second storage electrode. A data 
member is formed on an active layer. The data member 
includes a data line crossing the gate line, a third storage 
electrode overlapped With the ?rst storage electrode and a 
fourth storage electrode overlapped With the second storage 
electrode. Thus, a capacitance variation of a storage capaci 
tor may be prevented, thereby improving display quality of 
a display apparatus. 
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THIN FILM TRANSISTOR SUBSTRATE, METHOD 
OF MANUFACTURING THE SAME AND DISPLAY 

APPARATUS HAVING THE SAME 

[0001] This application claims priority to Korean Patent 
Application No. 2005-33519, ?led on Apr. 22, 2005 and all 
the bene?ts accruing therefrom under 35 U.S.C. §ll9, and 
the contents of Which in its entirety are herein incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a thin ?lm transis 
tor (“TFT”) substrate, a method of manufacturing the TFT 
substrate, and a display apparatus having the TFT substrate. 
More particularly, the present invention relates to a TFT 
substrate capable of preventing a variation of a storage 
capacitance, a method of manufacturing the TFT substrate, 
and a display apparatus having the TFT substrate. 

[0004] 2. Description of the Related Art 

[0005] In general, a TFT substrate is used for a circuit 
substrate to individually drive a plurality of pixels in a 
display apparatus such as a liquid crystal display (“LCD”) 
apparatus, an organic electro luminescence apparatus, and so 
on. 

[0006] A voltage is charged in the pixels of the TFT 
substrate during a predetermined time, and the voltage 
charged in the pixels is held by a storage capacitor during 
one frame. 

[0007] A structure of the TFT substrate is classi?ed into an 
organic layer structure and a non-organic layer structure. 
The TFT of an organic layer structure employs an organic 
layer to planariZe a surface of the TFT substrate, Whereas the 
TFT of a non-organic layer structure lacks the organic layer 
of the organic layer structure. In the TFT substrate of the 
non-organic layer structure, the storage capacitor is de?ned 
by a gate line, a pixel electrode, a gate insulating layer, and 
an inorganic layer. The gate insulating layer and the inor 
ganic layer are disposed betWeen the gate line and the pixel 
electrode. HoWever, the TFT substrate of the organic layer 
structure further includes the organic layer disposed on the 
inorganic layer. In the TFT substrate of the organic layer 
structure, a capacitance for the storage capacitor decreases 
because the organic layer acts as a dielectric substance. 
HoWever, When an overlapped area betWeen the gate line 
and the pixel electrode increases in order to increase the 
capacitance for the storage capacitor, an opening ratio of the 
TFT substrate decreases. Thus, the storage capacitor de?ned 
by the gate line, a data line, and the gate insulating layer has 
been developed for the TFT substrate of the organic layer 
structure. 

[0008] In general, the TFT substrate is manufactured via a 
?ve-mask process or a four-mask process. HoWever, in the 
TFT substrate manufactured via the four-mask process 
Where the data line and an active layer are simultaneously 
patterned, the active layer remains under the data line. The 
storage capacitor is, therefore, formed in a metal oxide 
semiconductor (“MOS”) structure in the four-mask process. 

[0009] HoWever, a capacitor of the storage capacitor hav 
ing the MOS structure periodically varies according to a 
polarity of a voltage applied to the storage capacitor. As a 
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result, a display defect such as a ?icker or an afterimage 
occurs on a screen of the LCD apparatus. 

BRIEF SUMMARY OF THE INVENTION 

[0010] The present invention provides a thin ?lm transis 
tor (“TFT”) substrate capable of preventing a capacitance 
variation of a storage capacitor having a metal oxide semi 
conductor (“MOS”) structure so as to improve display 
quality. 

[0011] The present invention also provides a method of 
manufacturing the above-mentioned TFT substrate. 

[0012] The present invention also provides a display appa 
ratus having the above-mentioned TFT substrate. 

[0013] In an exemplary embodiment of the present inven 
tion, a TFT substrate includes an insulating substrate, a gate 
member, a storage member, a gate insulating layer, an active 
layer, a data member, a passivation layer, and a pixel 
electrode. The gate member is formed on the insulating 
substrate and has a gate line and a gate electrode electrically 
connected to the gate line. The storage member is also 
formed on the insulating substrate and has a storage line, a 
?rst storage electrode, and a second storage electrode. The 
gate insulating layer covers the gate member and the storage 
member. The active layer is formed on the insulating layer 
and is overlapped With the gate electrode, the ?rst storage 
electrode, and the second storage electrode. The data mem 
ber is formed on the active layer and has a data line crossing 
the gate line, a third storage electrode overlapped With the 
?rst storage electrode, and a fourth storage electrode over 
lapped With the second storage electrode. The passivation 
layer covers the data member, and the pixel electrode is 
formed on the passivation layer. 

[0014] In an exemplary embodiment of a method of manu 
facturing a thin ?lm transistor substrate according to the 
present invention, a gate member having a gate line and a 
gate electrode electrically connected to the gate line is 
formed on an insulating substrate. A storage member having 
a storage line, a ?rst storage electrode, and a second storage 
electrode is also formed on the insulating substrate. A gate 
insulating layer is then formed on the insulating substrate so 
that the gate insulating layer covers the gate member and the 
storage member. An active layer is formed on the gate 
insulating layer so that the active layer is overlapped With 
the gate electrode, the ?rst storage electrode, and the second 
storage electrode. A data member is formed on the active 
layer. The data member has a data line crossing the gate line, 
a third storage electrode overlapped With the ?rst storage 
electrode, and a fourth storage electrode overlapped With the 
second storage electrode. A passivation layer is formed on 
the gate insulating layer so that the passivation layer covers 
the active layer and the data member. A pixel electrode is 
formed on the passivation layer. 

[0015] In still another exemplary embodiment of the 
present invention, a display apparatus includes a thin ?lm 
transistor substrate, an opposite substrate having a common 
electrode formed on a surface opposite to the thin ?lm 
transistor substrate, and a liquid crystal layer disposed 
betWeen the thin ?lm transistor substrate and the opposite 
substrate. The thin ?lm transistor substrate includes an 
insulating substrate, a gate member, a storage member, a 
gate insulating layer, an active layer, a data member, a 
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passivation layer, and a pixel electrode. The gate member is 
formed on the insulating substrate and has a gate line and a 
gate electrode electrically connected to the gate line. The 
storage member is formed on the insulating substrate and 
has a storage line, a ?rst storage electrode, and a second 
storage electrode. The gate insulating layer covers the gate 
member and the storage member. The active layer is formed 
on the insulating layer and overlaps the gate electrode, the 
?rst storage electrode, and the second storage electrode. The 
data member is formed on the active layer and has a data line 
crossing the gate line, a third storage electrode overlapped 
With the ?rst storage electrode, and a fourth storage elec 
trode overlapped With the second storage electrode. The 
passivation layer covers the data member, and the pixel 
electrode is formed on the passivation layer. 

[0016] In yet another exemplary embodiment of the 
present invention, a thin ?lm transistor substrate includes a 
?rst storage capacitor and a second storage capacitor 
Wherein voltages having different polarities from each other 
are applied to the ?rst storage capacitor and the second 
storage capacitor, respectively, and Wherein a capacitance 
variation of the ?rst storage capacitor is compensated by a 
capacitance variation of the second storage capacitor and a 
total capacitance of the ?rst and second storage capacitors is 
maintained. 

[0017] According to the above, a capacitance variation of 
a storage capacitor may be prevented, thereby improving 
display quality of the display apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above and other advantages of the present 
invention Will become readily apparent by reference to the 
folloWing detailed description When considered in conjunc 
tion With the accompanying draWings Wherein: 

[0019] FIG. 1 is a plan vieW shoWing an exemplary 
embodiment of a TFT substrate according to the present 
invention; 
[0020] FIG. 2 is a cross-sectional vieW taken along line I-I' 
in FIG. 1; 

[0021] FIG. 3 is an equivalent circuit diagram of the TFT 
substrate in FIG. 1; 

[0022] FIGS. 4, 8, and 10 are plan vieWs illustrating an 
exemplary embodiment of a method of manufacturing the 
TFT substrate in FIGS. 1 and 2; 

[0023] FIG. 5 is a cross-sectional vieW taken along line 
II-II' in FIG. 4; 

[0024] FIGS. 6 and 7 are cross-sectional vieWs illustrating 
an exemplary embodiment of a method of manufacturing the 
TFT substrate in FIGS. 1 and 2; 

[0025] FIG. 9 is a cross-sectional vieW taken along line 
III-III' in FIG. 8; 

[0026] FIG. 11 is a cross-sectional vieW taken along line 
IV-IV' in FIG. 10; and 

[0027] FIG. 12 is a cross-sectional vieW shoWing an 
exemplary embodiment of a display apparatus according to 
the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

It Will be understood that When an element or layer [0028] 
is referred to as being “on”, “connected to” or “coupled to” 
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another element or layer, it can be directly on, connected to 
or coupled to the other element or layer or intervening 
elements or layers may be present. In contrast, When an 
element is referred to as being “directly on,”“directly con 
nected to” or “directly coupled to” another element or layer, 
there are no intervening elements or layers present. Like 
numbers refer to like elements throughout. As used herein, 
the term “and/or” includes any and all combinations of one 
or more of the associated listed items. 

[0029] It Will be understood that, although the terms ?rst, 
second, etc. may be used herein to describe various ele 
ments, components, regions, layers, and/or sections, these 
elements, components, regions, layers, and/or sections 
should not be limited by these terms. These terms are only 
used to distinguish one element, component, region, layer or 
section from another region, layer, or section. Thus, a ?rst 
element, component, region, layer, or section discussed 
beloW could be termed a second element, component, 
region, layer, or section Without departing from the teach 
ings of the present invention. 

[0030] Spatially relative terms, such as “beneath”, 
“beloW”, “loWer”, “above”, “upper” and the like, may be 
used herein for ease of description to describe one element 
or feature’s relationship to another element(s) or feature(s) 
as illustrated in the ?gures. It Will be understood that the 
spatially relative terms are intended to encompass different 
orientations of the device in use or operation in addition to 
the orientation depicted in the ?gures. For example, if the 
device in the ?gures is turned over, elements described as 
“beloW” or “beneath” other elements or features Would then 
be oriented “above” the other elements or features. Thus, the 
exemplary term “beloW” can encompass both an orientation 
of above and beloW. The device may be otherWise oriented 
(rotated 90 degrees or at other orientations) and the spatially 
relative descriptors used herein interpreted accordingly. 

[0031] 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 
“including”, When used in this speci?cation, specify the 
presence of stated features, integers, steps, operations, ele 
ments, and/ or components, but do not preclude the presence 
or addition of one or more other features, integers, steps, 
operations, elements, components, and/or groups thereof. 

[0032] Unless otherWise de?ned, all terms (including tech 
nical and scienti?c terms) used herein have the same mean 
ing 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 de?ned in commonly 
used dictionaries, should be interpreted as having a meaning 
that is consistent With their meaning in the context of the 
relevant art and Will not be interpreted in an idealiZed or 
overly formal sense unless expressly so de?ned herein. 

[0033] Hereinafter, the present invention Will be explained 
in detail With reference to the accompanying draWings. 

[0034] FIG. 1 is a plan vieW shoWing an exemplary 
embodiment of a TFT substrate according to the present 
invention. FIG. 2 is a cross-sectional vieW taken along line 
I-I' in FIG. 1. FIG. 3 is an equivalent circuit diagram of the 
TFT substrate in FIG. 1. 



US 2007/0187741 A1 

[0035] Referring to FIGS. 1 to 3, a TFT substrate 100 
includes an insulating substrate 110, a gate member 120, a 
storage member 130, a gate insulating layer 140, an active 
layer 150, a data member 160, a passivation layer 170, and 
a pixel electrode 180. 

[0036] The insulating substrate 110 includes a transparent 
material to transmit light incident into the insulating sub 
strate 110, such as from a backlight assembly. For example, 
the insulating substrate 110 includes a glass, although other 
suitable transparent insulating materials Would also be 
Within the scope of these embodiments. 

[0037] The gate member 120 is formed on the insulating 
substrate 110, and includes a gate line 122 and a gate 
electrode 124 electrically connected to the gate line 122, 
such as by being integrally formed With the gate line 122. 
The gate line 122 is extended in a horizontal direction, such 
as in a roW direction. The gate electrode 124 is a gate 
terminal G of the TFT. While only one gate member 120 is 
illustrated, it should be understood that there may be a 
plurality of gate members 120 formed on the TFT substrate 
100, including a plurality of substantially parallel gate lines 
122, each including a gate electrode 124. 

[0038] The storage member 130 is also formed on the 
insulating substrate 110, and includes a storage line 132, a 
?rst storage electrode 134, and a second storage electrode 
136. The storage line 132 is extended in a substantially same 
direction as the gate line 122. That is, the storage line 132 
may also extend in the horizontal direction, such as in a roW 
direction of the TFT substrate 100, and may be substantially 
parallel to the gate line 122. The ?rst storage electrode 134 
is electrically connected to the storage line 132, such as by 
being integrally connected to the storage line 132. The 
second storage electrode 136 is not electrically connected to 
the storage line 132 and the ?rst storage electrode 134. The 
second storage electrode 136 is separated from the storage 
line 132 and the ?rst storage electrode 134. As Will be further 
described beloW, the ?rst storage electrode 134 is a loWer 
electrode of a ?rst storage capacitor Cst1, and the second 
storage electrode 136 is a loWer electrode of a second 
storage capacitor Cst2. While only one storage member 130 
is illustrated, it should be understood that there may be a 
plurality of storage members 130 formed on the TFT sub 
strate 100, including a plurality of substantially parallel 
storage lines 132 and also a plurality of ?rst and second 
storage electrodes 134, 136. 

[0039] The storage member 130 and the gate member 120 
are formed from a same layer, so that the storage member 
130 and the gate member 120 include a same material and 
are simultaneously formed during a method of manufactur 
ing the TFT substrate 100. 

[0040] The gate insulating layer 140 is formed on the 
insulating substrate 110 to cover the gate member 120 and 
the storage member 130. In one embodiment, the gate 
insulating layer 140 includes a silicon nitride layer (SiNx) or 
a silicon oxide layer (SiOx), although other suitable insu 
lating layers Would also be Within the scope of these 
embodiments. 

[0041] The active layer 150 is formed on the gate insu 
lating layer 140. The active layer 150 is overlapped With the 
gate electrode 124, the ?rst storage electrode 134 and the 
second storage electrode 136. The active layer 150 includes 
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a semiconductor layer 152 and an ohmic contact layer 154. 
In one embodiment, the semiconductor layer 152 includes 
amorphous silicon (a-Si), and the ohmic contact layer 154 
includes n+ amorphous silicon (n+a-Si). N-type dopants are 
doped into the n+ amorphous silicon (n+a-Si) of the ohmic 
contact layer 154 at a high concentration. 

[0042] The data member 160 is formed on the active layer 
150, and includes a data line 162, a third storage electrode 
164, and a fourth storage electrode 166. The data line 162 is 
extended in a vertical direction, such as in a column direc 
tion of the TFT substrate 100, and crosses the gate line 122, 
although it is insulated from the gate line 122. As illustrated, 
the data line 162 extends substantially perpendicularly to the 
gate line 122. The third storage electrode 164 is overlapped 
With the ?rst storage electrode 134, and the fourth storage 
electrode 166 is overlapped With the second storage elec 
trode 136. As Will be further described beloW, the third 
storage electrode 164 is an upper electrode of the ?rst 
storage capacitor Cst1, and the fourth storage electrode 166 
is an upper electrode of the second storage capacitor Cst2. 
While only one data member 160 is illustrated, it should be 
understood that there may be a plurality of data members 
160 formed on the TFT substrate 100, including a plurality 
of substantially parallel data lines 162, and a plurality of 
third and fourth storage electrodes 164, 166. 

[0043] The data member 160 further includes a source 
electrode 167 and a drain electrode 168. The source elec 
trode 167 is electrically connected to the data line 162, such 
as by being integrally connected to the data line 162 and 
protruding from a side of the data line 162, and the source 
electrode 167 is partially overlapped With a ?rst side of the 
gate electrode 124. The drain electrode 168 is electrically 
connected to the third storage electrode 164, such as by 
being integrally connected to the third storage electrode 164 
and protruding from a side of the third storage electrode 164, 
and partially overlapped With a second side of the gate 
electrode 124, opposite the ?rst side of the gate electrode 
124. The source electrode 167 and the drain electrode 168 
are spaced apart from each other by a space overlapping a 
portion of the gate electrode 124 betWeen the ?rst and 
second sides of the gate electrode 124. The source electrode 
167 is a source terminal S of the TFT, and the drain electrode 
168 is a drain terminal D of the TFT. 

[0044] The passivation layer 170 is formed on the insu 
lating substrate 110 to cover the data member 160 and the 
gate insulating layer 140. The passivation layer 170 may 
protect the prior layers from external contamination and may 
further chemically tie up any unbound charges that may exist 
on the surface. 

[0045] In this embodiment, the TFT substrate 100 further 
includes an organic layer 190 formed on the passivation 
layer 170. The organic layer 190 is formed on an entire 
surface of the passivation layer 170 so as to planariZe a 
surface of the TFT substrate 100. That is, With the except of 
the contact holes and the pixel electrode Which Will be 
further described beloW, the TFT substrate 100 has a sub 
stantially planar surface as a result of the application of the 
organic layer 190. 

[0046] The pixel electrode 180 is formed on the organic 
layer 190. The pixel electrode 180 is overlapped With the 
third storage electrode 164 and the fourth storage electrode 
166. The pixel electrode 180 includes a transparent conduc 
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tive material to transmit light incident into the pixel elec 
trode 180. In one embodiment, the pixel electrode 180 
includes indium Zinc oxide (IZO) or indium tin oxide (ITO), 
although other suitable materials Would also be Within the 
scope of these embodiments. 

[0047] The pixel electrode 180 is electrically connected to 
the third storage electrode 164 via a ?rst contact hole 210 
that is formed through the passivation layer 170 and the 
organic layer 190. Also, the pixel electrode 180 is electri 
cally connected to the second storage electrode 136 via a 
second contact hole 220 that is formed through the gate 
insulating layer 140, the active layer 150, the fourth storage 
electrode 166, the passivation layer 170 and the organic 
layer 190. The pixel electrode 180 is electrically insulated 
from the fourth storage electrode 166 by the passivation 
layer 170. That is, the passivation layer 170 may cover ends 
of the fourth storage electrode 166 and the active layer 150 
that are adjacent the second contact hole 220. Thus, the 
passivation layer 170 extends to the gate insulating layer 
140, thus insulating the fourth storage electrode 166 from 
the pixel electrode 180. 

[0048] In the illustrated embodiment, the TFT substrate 
100 further includes a bridge electrode 182 to electrically 
connect the storage line 132 of the storage member 130 With 
the fourth storage electrode 166. The bridge electrode 182 is 
electrically connected to the storage line 132 via a third 
contact hole 230 that is formed through the gate insulating 
layer 140, the passivation layer 170, and the organic layer 
190. The bridge electrode 182 may be connected to a section 
of the storage line 132 that projects substantially perpen 
dicularly to the storage line 132 such that the bridge elec 
trode 182 may extend substantially parallel to the storage 
line 132. The bridge electrode 182 is also electrically 
connected to the fourth storage electrode 166 via a fourth 
contact hole 240 that is formed through the passivation layer 
170 and the organic layer 190. The bridge electrode 182 thus 
overlaps both the fourth storage electrode 166 and the 
section projecting from the storage line 132. 

[0049] The bridge electrode 182 and the pixel electrode 
180 are formed from a same layer, so that the bridge 
electrode 182 and the pixel electrode 180 include a same 
material, and are simultaneously formed during a method of 
manufacturing the TFT substrate 100. 

[0050] As shoWn in FIG. 3, an equivalent circuit diagram 
of the TFT substrate 100 includes the TFT, the ?rst storage 
capacitor Cst1, and the second storage capacitor Cst2. The 
gate terminal G, formed by gate electrode 124, of the TFT 
is electrically connected to the gate line 122. The source 
terminal S, formed by source electrode 167, of the TFT is 
electrically connected to the data line 162. The drain termi 
nal D, formed by drain electrode 168, of the TFT is elec 
trically connected to the ?rst storage capacitor Cst1 and the 
second storage capacitor Cst2, in parallel. 

[0051] The ?rst storage capacitor Cst1 is de?ned by the 
?rst storage electrode 134, the third storage electrode 164, 
the gate insulating layer 140, and the active layer 150. The 
gate insulating layer 140 and the active layer 150 are 
disposed betWeen the ?rst storage electrode 134 and the 
third storage electrode 164. The second storage capacitor 
Cst2 is de?ned by the second storage electrode 136, the 
fourth storage electrode 166, the gate insulating layer 140, 
and the active layer 150. The gate insulating layer 140 and 
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the active layer 150 are disposed betWeen the second storage 
electrode 136 and the fourth storage electrode 166. 

[0052] The third storage electrode 164 is electrically con 
nected to the drain terminal D, formed by drain electrode 
168, of the TFT, and the ?rst storage electrode 134 is 
electrically connected to the storage line 132. A common 
voltage Vcom is applied to the storage line 132. The second 
storage electrode 136 is also electrically connected to the 
drain terminal D, formed by drain electrode 168, of the TFT, 
and the fourth storage electrode 166 is electrically connected 
to the storage line 132 via the bridge electrode 182. 

[0053] Therefore, voltages having different polarities from 
each other are applied to the ?rst storage capacitor Cst1 and 
the second storage capacitor Cst2, respectively. A capaci 
tance variation of the ?rst storage capacitor Cst1 is com 
pensated by a capacitance variation of the second storage 
capacitor Cst2. Therefore, although polarities of voltages 
applied to the ?rst and second storage capacitors Cst1 and 
Cst2 are changed, a total capacitance of the ?rst and second 
storage capacitors Cst1 and Cst2 may be uniformly main 
tained. 

[0054] In this embodiment, each pixel has one TFT to 
drive each pixel. Alternatively, each pixel may have tWo 
TFTs to drive each pixel. 

[0055] Hereinafter, a method of manufacturing the TFT 
substrate Will be described beloW With reference to FIGS. 4 
to 11. 

[0056] FIGS. 4 to 11 illustrate a method of manufacturing 
the TFT substrate in FIGS. 1 and 2. 

[0057] Referring to FIGS. 4 and 5, after a ?rst metal layer 
(not shoWn) is formed on the insulating substrate 110, the 
?rst metal layer is patterned via a photolithography process 
using a ?rst mask. Photolithography is a process used to 
transfer a pattern from an optic mask to a layer deposited on 
a surface. The optic mask blocks resist exposure to UV 
radiation in selected areas and may include chrome opaque 
areas supported by a plate transparent to UV radiation. 
Therefore, the gate member 120 and the storage member 130 
are simultaneously formed on the insulating substrate 110 
through the removal of some of the ?rst metal layer, Where 
the remainder of the ?rst metal layer de?nes the gate 
member 120 and the storage member 130. While a photo 
lithography process is described, other methods of pattem 
ing the ?rst metal layer to form the gate member 120 and the 
storage member 130 Would also be Within the scope of these 
embodiments. 

[0058] The gate member 120 is formed on the insulating 
substrate 110, and includes a gate line 122 and a gate 
electrode 124 electrically connected to the gate line 122, 
such as by being integrally combined With the gate line 122. 
The gate line 122 is extended in a horiZontal direction, or 
roW direction, of the TFT substrate 100. The gate electrode 
124 is a gate terminal G of a TFT. 

[0059] The storage member 130 is also formed on the 
insulating substrate 110 using the ?rst mask, and includes a 
storage line 132, a ?rst storage electrode 134, and a second 
storage electrode 136. The storage line 132 is extended in a 
substantially same direction as the gate line 122, such as 
extending generally parallel to the gate line 122. The ?rst 
storage electrode 134 is electrically connected to the storage 
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line 132, such as by being integrally combined With the 
storage line 132. The second storage electrode 136 is not 
electrically connected to the storage line 132 or the ?rst 
storage electrode 134, as it is spaced from and not directly 
connected to the storage line 132 and the storage electrode 
134. As previously described, the ?rst storage electrode 134 
is a loWer electrode of a ?rst storage capacitor Cst1, and the 
second storage electrode 136 is a loWer electrode of a second 
storage capacitor Cst2. 

[0060] Referring to FIG. 6, the gate insulating layer 140 
including, for example, a silicon nitride layer (SiNx) or a 
silicon oxide layer (SiOx), is formed on the insulating 
substrate 110 having the gate member 120 and the storage 
member 130 on the insulating substrate 110. Thus, the gate 
insulating layer 140 covers the gate member 120, the storage 
member 130, and the remainder of the insulating substrate 
110 that is not covered by either the gate member 120 or the 
storage member 130. 

[0061] Referring to FIG. 7, an amorphous silicon (a-Si) 
layer 310, an n+ amorphous silicon (n+a-Si) layer 320, and 
a second metal layer 330 are sequentially formed on the gate 
insulating layer 140. 

[0062] Referring to FIGS. 8 and 9, When the a-Si layer 
310, the n+a-Si layer 320, and the second metal layer 330 are 
patterned, such as via a photolithography process using a 
second mask, the active layer 150 and the data member 160 
are simultaneously formed through the removal of portions 
of the layers 310, 320, and 330. 

[0063] The active layer 150 is overlapped With the gate 
electrode 124, the ?rst storage electrode 134, and the second 
storage electrode 136. The active layer 150 includes the 
semiconductor layer 152 and the ohmic contact layer 154. 
The semiconductor layer 152 includes amorphous silicon 
(a-Si) from the a-Si layer 310, and the ohmic contact layer 
154 includes n+ amorphous silicon (n+a-Si) from the n+a-Si 
layer 320. 

[0064] The data member 160, from second metal layer 
330, is formed on the active layer 150, and includes a data 
line 162, a third storage electrode 164, and a fourth storage 
electrode 166. The data line 162 is extended in a vertical 
direction, and crosses the gate line 122. The data line 162 
extends in a column direction of the TFT substrate 100, 
generally perpendicular to the gate line 122, and is insulated 
from the gate line 122. The third storage electrode 164 is 
overlapped With the ?rst storage electrode 134, and the 
fourth storage electrode 166 is overlapped With the second 
storage electrode 136. As previously described, the third 
storage electrode 164 is an upper electrode of the ?rst 
storage capacitor Cst1, and the fourth storage electrode 166 
is an upper electrode of the second storage capacitor Cst2. 

[0065] The data member 160 further includes a source 
electrode 167 and a drain electrode 168. The source elec 
trode 167 is electrically connected to the data line 162, such 
as by projecting directly from the data line 162, and is 
partially overlapped With a ?rst side of the gate electrode 
124. The drain electrode 168 is electrically connected to the 
third storage electrode 164, such as by projecting directly 
from the third storage electrode 164, and is partially over 
lapped With a second side of the gate electrode 124, Where 
the second side of the gate electrode 124 is opposite the ?rst 
side of the gate electrode 124. The source electrode 167 and 
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the drain electrode 168 are spaced apart from each other, 
With the space betWeen the source electrode 167 and the 
drain electrode 168 overlapping a space betWeen the ?rst 
and second sides of the gate electrode 124. The source 
electrode 167 is a source terminal S of the TFT, and the drain 
electrode 168 is a drain terminal D of the TFT. 

[0066] When the active layer 150 and the data member 
160 are patterned, such as by using the second mask as 
previously described, the fourth storage electrode 166 and 
the active layer 150 are partially opened so as to form the 
second contact hole 220, although, as illustrated, the second 
contact hole 220 does not at this stage pass through the gate 
insulating layer 140. 

[0067] Referring to FIGS. 10 and 11, the passivation layer 
170 including an inorganic insulating layer is formed on the 
gate insulating layer 140, the active layer 150, and the data 
member 160. The organic layer 190 is formed on the 
passivation layer 170 so as to planariZe the surface of the 
TFT substrate 100. The ?rst contact hole 210, the second 
contact hole 220, the third contact hole 230, and the fourth 
contact hole 240 are then formed through the passivation 
layer 170 and the organic layer 190 via a photolithography 
process using a third mask. Also, the portion of the gate 
insulating layer 140 remaining beloW the second contact 
hole 220 is also removed to expose the second storage 
electrode 136. 

[0068] The third storage electrode 164 is partially exposed 
through the ?rst contact hole 210. The second storage 
electrode 136 is partially exposed through the second con 
tact hole 220. The storage line 132, via the section that 
projects from the storage line 132, is partially exposed 
through the third contact hole 230. The fourth storage 
electrode 166 is partially exposed through the fourth contact 
hole 240. The ?rst to fourth contact holes 210, 220, 230, 240 
may have a polygonal shape or a circular shape When vieWed 
from a plan vieW of the TFT substrate 100. 

[0069] Referring again to FIGS. 1 and 2, after a transpar 
ent conductive layer (not shoWn) is formed on the passiva 
tion layer 170 and the organic layer 190, the pixel electrode 
180 and the bridge electrode 182 are formed, such as via a 
photolithography process using a fourth mask. The pixel 
electrode 180 and bridge electrode 182 include a transparent 
conductive material to transmit light incident into the pixel 
electrode 180 and the bridge electrode 182. In this embodi 
ment, examples of the transparent conductive material that 
can be used for the pixel electrode 180 and the bridge 
electrode 182 include indium Zinc oxide (IZO), indium tin 
oxide (ITO), etc. 

[0070] The pixel electrode 180 is electrically connected to 
the third storage electrode 164 via the ?rst contact hole 210 
that is formed through the passivation layer 170 and the 
organic layer 190. Also, the pixel electrode 180 is electri 
cally connected to the second storage electrode 136 via the 
second contact hole 220 that is formed through the gate 
insulating layer 140, the active layer 150, the fourth storage 
electrode 166, the passivation layer 170, and the organic 
layer 190. The pixel electrode 180 is electrically insulated 
from the fourth storage electrode 166 by the passivation 
layer 170. That is, the passivation layer 170 may cover ends 
of the fourth storage electrode 166 and the active layer 150 
that are adjacent the second contact hole 220. Thus, the 
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passivation layer 170 extends to the gate insulating layer 
140, thus insulating the fourth storage electrode 166 from 
the pixel electrode 180. 

[0071] The bridge electrode 182 electrically connects the 
storage line 132 to the fourth storage electrode 166. The 
bridge electrode 182 is electrically connected to the storage 
line 132 via a third contact hole 230 that is formed through 
the gate insulating layer 140, the passivation layer 170, and 
the organic layer 190, Where the third contact hole 230 is 
positioned over a projection of the storage member 130 
extending from the storage line 132. Also, the bridge elec 
trode 182 is electrically connected to the fourth storage 
electrode 166 via a fourth contact hole 240 that is formed 
through the passivation layer 170 and the organic layer 190. 

[0072] FIG. 12 is a cross-sectional vieW shoWing an 
exemplary embodiment of a display apparatus according to 
the present invention. In FIG. 12, the same reference numer 
als denote the same elements in FIG. 2, and thus any further 
repetitive descriptions of the same elements Will be omitted. 

[0073] Referring to FIG. 12, a display apparatus 400 
includes a TFT substrate 100, an opposite substrate 500, and 
a liquid crystal layer 600. 

[0074] The opposite substrate 500 is disposed in a position 
opposite to the TFT substrate 100. The opposite substrate 
500 has a substrate 510, a color ?lter layer 520, and a 
common electrode 530. 

[0075] The substrate 510 includes a transparent material to 
transmit light incident into the substrate 510. In one embodi 
ment, the substrate 510 includes a substantially same glass 
material as the insulating substrate 110 of the TFT substrate 
100, although alternate suitable transparent materials Would 
also be Within the scope of these embodiments. 

[0076] The color ?lter layer 520 has a red color pixel, a 
green color pixel, and a blue color pixel so as to display 
color images. In an alternative embodiment, the color ?lter 
layer 520 may be formed on the TFT substrate 100. 

[0077] The common electrode 530 is formed on a surface 
of the opposite substrate 500 opposite to the TFT substrate 
100. In one embodiment, the common electrode 530 
includes a substantially same transparent conductive mate 
rial as the pixel electrode 180 of the TFT substrate 100 so as 
to transmit light incident into the common electrode 530. 
Examples of the transparent conductive material that can be 
used for the common electrode 530 include indium Zinc 
oxide (IZO), indium tin oxide (ITO), etc. 

[0078] The liquid crystal layer 600 is disposed betWeen 
the TFT substrate 100 and the opposite substrate 500. The 
liquid crystal layer 600 includes a plurality of liquid crystal 
molecules having optical and electrical characteristics such 
as an anisotropic refractive index, an anisotropic dielectric 
constant, etc. The alignment of the liquid crystal molecules 
is varied in response to an electric ?eld formed betWeen the 
pixel electrode 180 and the common electrode 530, thereby 
controlling a transmittance of light passing through the 
liquid crystal layer 600. 

[0079] The display apparatus 400 includes a liquid crystal 
capacitor Clc that is de?ned by the pixel electrode 180, the 
liquid crystal layer 600, and the common electrode 530. The 
liquid crystal capacitor Clc is electrically connected to the 
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?rst storage capacitor Cst1 and the second storage capacitor 
Cst2, in parallel, as further previously described With respect 
to FIG. 3. 

[0080] According to the above, the TFT substrate has tWo 
storage capacitors having an MOS structure, and voltages 
having different polarities from each other are applied to the 
tWo storage capacitors, respectively. Therefore, a capaci 
tance variation may be compensated and a total capacitance 
of the ?rst and second storage capacitors may be uniformly 
maintained, and thus a ?icker and an afterimage may be 
prevented. As a result, display quality of the display appa 
ratus may be improved. 

[0081] Further, the TFT substrate having an organic layer 
is manufactured via a four-mask process, thereby improving 
a productivity thereof and reducing a manufacturing cost. 

[0082] Although the exemplary embodiments of the 
present invention have been described, it is understood that 
the present invention should not be limited to these exem 
plary embodiments but various changes and modi?cations 
can be made by one ordinary skilled in the art Within the 
spirit and scope of the present invention as hereinafter 
claimed. 

1-37. (canceled) 
38. A thin ?lm transistor substrate comprising: 

?rst and second storage capacitors formed on a substrate; 
and 

a pixel electrode electrically connected With at least one 
of the ?rst and second storage capacitors via a contact 
hole. 

39. The thin ?lm transistor substrate of claim 38, further 
comprising an active layer overlapping at least one of the 
?rst and second storage capacitors. 

40. The thin ?lm transistor substrate of claim 38, Wherein 
the ?rst and second storage capacitors are disposed such that 
an applied voltage results in oppositely oriented electrical 
?elds at the ?rst and second storage capacitors. 

41. The thin ?lm transistor substrate of claim 40, Wherein 
a capacitance variation of the ?rst storage capacitor is 
compensated by that of the second storage capacitor, so that 
total capacitance of the ?rst and second storage capacitors is 
maintained. 

42. The thin ?lm transistor substrate of claim 40, Wherein 
each of the ?rst and second storage capacitors includes a 
metal oxide semiconductor structure. 

43. The thin ?lm transistor substrate of claim 40, further 
comprising a thin ?lm translator having gate, source and 
drain terminals, and being formed on the substrate. 

44. The thin ?lm transistor substrate of claim 43, Wherein 
the ?rst and second storage 

capacitors are electrically connected to the drain terminal 
of the thin ?lm transistor in parallel. 

45. The thin ?lm transistor substrate of claim 43, Wherein 
at least one of the ?rst and second capacitors is electrically 
connected to the drain terminal of the thin ?lm transistor 
directly. 

46. The thin ?lm transistor substrate of claim 43, Wherein 
the ?rst storage capacitor includes ?rst and third storage 
electrodes, 

the second storage capacitor includes second and fourth 
storage electrodes. 

the ?rst and second storage electrodes is included in a 
storage member including a storage line, 
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the third and fourth storage electrodes is included In a data 
member including a data line, the second storage elec 
trode is formed from the storage member and is elec 
trically connected to the drain terminal of the thin ?lm 
transistor, and 

the third storage electrode is formed from the data mem 
ber and is electrically connected to the drain terminal of 
the thin ?lm transistor. 
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47. The thin ?lm transistor substrate of claim 46, Wherein 
the ?rst storage electrode is formed from the storage mem 
ber and is electrically connected to the storage line of the 
storage member, and 

the fourth storage electrode is formed from the data 
member and is electrically connected to the storage line 
of the data member. 

* * * * * 


