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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD FOR
MANUFACTURING THE SAME

[0001] This application is a divisional of U.S. patent
application Ser. No. 14/106,791 filed on Dec. 15, 2013,
which claims priority under 35 U.S.C. §119(a) of Korean
Patent Application No. 10-2013-0031852 filed on Mar. 26,
2013 and Korean Patent Application No. 10-2013-0090778
filed on Jul. 31, 2013, which are hereby incorporated by
reference in their entirety.

BACKGROUND
[0002] Field of the Disclosure
[0003] The present application relates to an organic light

emitting diode display device and a method of manufactur-
ing the same.

[0004] Description of the Related Art

[0005] Recently, flat panel display devices with reduced
weight and volume corresponding to disadvantages of cath-
ode ray tube (CRT) are being developed. The flat panel
display devices include liquid crystal display (LCD)
devices, field emission display (FED) devices, plasma dis-
play panels (PDPs), organic light emitting diode display
(OLED) devices and so on.

[0006] The OLED device is a self-luminous device which
uses a thin light emission layer between electrodes. As such,
the OLED device can become thinner than paper. Such an
OLED device emits light through a substrate and displays
images. To this end, the OLED device includes an encap-
sulated substrate configured with a plurality of pixel regions,
a cell driver array and an organic light emission array. The
plurality of pixel region each includes three color (i.e., red,
green and blue) sub-pixels. Also, the plurality of pixel
regions is arranged in a matrix shape.

[0007] 1In order to realize a variety of colors, the OLED
device employs organic light emission layers emitting red,
green and blue light. Each of the organic light emission
layers is interposed between two electrodes and forms an
organic light emitting diode (OLED).

[0008] Also, the OLED device includes a plurality of data
lines used to transfer video signals, a plurality of gate lines
used to transfer driving signals, and a plurality of power
lines used to transfer power voltages to the organic light
emitting diodes. The pluralities of data lines, gate lines and
power lines cross one another and define the plurality of
pixel regions. Moreover, the OLED device includes a
switching thin film transistor, a driving thin film transistor,
a storage capacitor and the organic light emitting diode
OLED which are arranged in each of the pixel regions.
[0009] The pixel regions within the OLED device must be
narrowed due to recent demands for high definition and high
speed response properties. As such, it is difficult for the pixel
region to secure a sufficient aperture ratio. Also, the high
speed response requires thin film transistors to be used in the
OLED device. Moreover, in order to enhance picture (or
image) quality, a high capacity storage capacitor capable of
sufficiently storing a data signal (or a video signal) must be
disposed within the pixel region.

[0010] However, in order to provide a high capacitance to
the pixel region, the electrode area of the storage capacitor
must be enlarged. As such, the aperture ratio of the pixel
region is reduced contrary to this. Therefore, it is necessary
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to develop a technology which realizes a large capacity
storage capacitor with securing a sufficient aperture ratio of
the pixel region.

BRIEF SUMMARY

[0011] Accordingly, embodiments of the present applica-
tion are directed to an OLED device and a manufacturing
method thereof that substantially obviate one or more of
problems due to the limitations and disadvantages of the
related art.

[0012] The embodiments are to provide an OLED device
and a manufacturing method thereof which are adapted to
realize switching elements with a high speed response
property by forming thin film transistors with a dual gate
structure in a pixel region.

[0013] Also, the embodiments are to provide an OLED
device and a manufacturing method thereof which are
adapted to realize a larger storage capacitance compared to
an occupation area by stacking a plurality of storage elec-
trodes in a storage capacitor domain within a pixel region.
[0014] Additional features and advantages of the embodi-
ments 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 embodiments. The advantages of
the embodiments will be realized and attained by the struc-
ture particularly pointed out in the written description and
claims hereof as well as the appended drawings.

[0015] According to a general aspect of the present
embodiment, an OLED device includes: scan, data and
power lines crossing one another and arranged to define a
pixel region; a switching thin film transistor disposed at an
intersection of the scan and data lines; an organic light
emitting diode disposed in the pixel region; a driving thin
film transistor disposed between the power line and the
organic light emitting diode; and a storage capacitor dis-
posed adjacently to the organic light emitting diode and
configured to charge a data signal which is applied from the
data line. The storage capacitor includes a plurality of sub
storage capacitors in which a plurality of storage electrodes
are stacked alternately with one another.

[0016] A manufacturing method of an OLED device
according to another general aspect of the present embodi-
ment includes: preparing a substrate in which an organic
light emitting diode domain and a storage capacitor domain
are defined; forming a first gate electrode and a storage
electrode on the substrate; sequentially forming a first gate
insulation film and an oxide semiconductor layer on the
substrate provided with the first gate electrode; forming a
channel layer on the first gate insulation film opposite to the
first gate electrode, and a second storage electrode on the
first gate insulation film opposite to the first storage elec-
trode; sequentially forming a second gate insulation film and
ametal film on the substrate provided with the channel layer;
forming a second gate electrode on the second gate insula-
tion film opposite to the channel layer, and a third storage
electrode on the second gate insulation film opposite to the
second storage electrode within the storage capacitor
domain; forming an interlayer insulation film on the sub-
strate provided with the second gate electrode; performing a
contact hole formation process for the interlayer insulation
film; forming source/drain electrodes electrically connected
to the channel layer, and a fourth storage electrode on the
interlayer insulation film opposite to the third storage elec-
trode; forming a passivation film on the substrate provided
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with the source/drain electrodes; and forming a fifth storage
electrode on the passivation film opposite to the fourth
storage electrode.

[0017] A manufacturing method of an OLED device
according to still another general aspect of the present
embodiment includes: preparing a substrate in which an
organic light emitting diode domain and a storage capacitor
domain are defined; forming a first gate electrode and a
storage electrode on the substrate; sequentially forming a
first gate insulation film and an oxide semiconductor layer
on the substrate provided with the first gate electrode;
forming an active layer on the first gate insulation film
opposite to the first gate electrode, and an active pattern on
the first gate insulation film opposite to the first storage
electrode; forming a second gate insulation film on the
substrate provided with the active layer; forming a shield
pattern on the second gate insulation film opposite to the
active layer; forming a second storage electrode by perform-
ing one of a light irradiation process and a plasma treatment
process for the active pattern and enhancing conductivity of
the active pattern; forming a metal film on the substrate
provided with the second gate insulation film; forming a
second gate electrode on the second gate insulation film
opposite to the active layer, and a third storage electrode on
the second gate insulation film opposite to the second
storage electrode within the storage capacitor domain; form-
ing an interlayer insulation film on the substrate provided
with the second gate electrode; performing a contact hole
formation process for the interlayer insulation film; forming
source/drain electrodes electrically connected to the active
layer, and a fourth storage electrode on the interlayer insu-
lation film opposite to the third storage electrode; forming a
passivation film on the substrate provided with the source/
drain electrodes; and forming a fifth storage electrode on the
passivation film opposite to the fourth storage electrode.

[0018] Other systems, methods, features and advantages
will be, or will become, apparent to one with skill in the art
upon examination of the following figures and detailed
description. It is intended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the present disclosure,
and be protected by the following claims. Nothing in this
section should be taken as a limitation on those claims.
Further aspects and advantages are discussed below in
conjunction with the embodiments. It is to be understood
that both the foregoing general description and the following
detailed description of the present disclosure are exemplary
and explanatory and are intended to provide further expla-
nation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are included
to provide a further understanding of the embodiments and
are incorporated herein and constitute a part of this appli-
cation, illustrate embodiment (s) of the present disclosure
and together with the description serve to explain the
disclosure. In the drawings:

[0020] FIG. 11s a planar view showing the pixel structure
of an OLED device according to an embodiment of the
present disclosure;

[0021] FIG. 2 is an equivalent circuit diagram showing the
pixel structure of FIG. 1,
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[0022] FIGS. 3A through 3E are cross-sectional views
which illustrating a manufacturing method of an OLED
device and taken along lines I-I' and TI-IT' in FIG. 1;
[0023] FIG. 4A is a cross-sectional view illustrating the
connection structure of capacitors within a thin film tran-
sistor of a dual gate electrode structure which is used to the
OLED device according to an embodiment of the present
disclosure;

[0024] FIG. 4B is a data sheet comparison-illustrating
capacitive properties of dual gate, top gate and bottom thin
film transistors with respect to an electric field,

[0025] FIG. 5 is a cross-sectional view showing a parallel
structure of a storage capacitor domain within the OLED
device according to an embodiment of the present disclo-
sure;

[0026] FIGS. 6A through 6F are cross-sectional views
illustrating a manufacturing method of an OLED device
according to another embodiment of the present disclosure;
[0027] FIG. 7 is a data sheet illustrating a capacitive
property of an ordinary thin film transistor which uses an
oxide semiconductor layer as a capacitor electrode;

[0028] FIGS. 8A and 8B are views illustrating a conduc-
tivity enhancement principle which is realized by plasma-
treating an oxide semiconductor layer according to another
embodiment of the present disclosure;

[0029] FIG. 9 is a data sheet comparison-illustrating
capacitive properties of thin film transistors with a plasma-
treated oxide semiconductor layer in accordance with
another embodiment of the present disclosure and an ordi-
nary oxide semiconductor layer;

[0030] FIGS. 10A and 10B are views illustrating a con-
ductivity enhancement principle which is realized by irra-
diating light onto an oxide semiconductor layer according to
another embodiment of the present disclosure;

[0031] FIG. 11 is a data sheet comparison-illustrating
capacitive properties of thin film transistors with a light-
irradiated oxide semiconductor layer in accordance with
another embodiment of the present disclosure and an ordi-
nary oxide semiconductor layer; and

[0032] FIG. 12 is a cross-sectional view showing a parallel
structure of a storage capacitor domain within the OLED
device according to another embodiment of the present
disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0033] Reference will now be made in detail to the
embodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings. These
embodiments introduced hereinafter are provided as
examples in order to convey their spirits to the ordinary
skilled person in the art. Therefore, these embodiments
might be embodied in a different shape, so are not limited to
these embodiments described here. Also, the size and thick-
ness of the device might be expressed to be exaggerated for
the sake of convenience in the drawings. Wherever possible,
the same reference numbers will be used throughout this
disclosure including the drawings to refer to the same or like
parts.

[0034] FIG. 1 is a planar view showing the pixel structure
of an OLED device according to an embodiment of the
present disclosure. FIG. 2 is an equivalent circuit diagram
showing the pixel structure of FIG. 1.
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[0035] Referring to FIGS. 1 and 2, the OLED device
defines a plurality of pixel regions arranged in a matrix
shape by crossing pluralities of gate lines Vdata, scan lines
Scan and power lines VDD. Each of the pixel regions can
emit one of red, green, blue and white lights and called as a
sub-pixel. Also, the sub-pixels can be grouped by threes or
fours and form color pixels.

[0036] Also, a plurality of reference voltage lines Vref can
be arranged adjacently and parallel to the data lines Vdata.
The reference voltage line Vref can be connected to a driving
thin film transistor DR-Tr, which is disposed within the pixel
region, and used to control a ground state of the driving thin
film transistor DR-Tr.

[0037] A switching thin film transistor SW-Tr is disposed
at an intersection domain of the scan line Scan and the data
line Vdata. A sensing thin film transistor S-Tr and the driving
thin film transistor DR-Tr another intersection domain of the
data line Vdata and a sensing line Sense which crosses the
reference voltage line Vref.

[0038] An organic light emitting diode OLED configured
to emit one of red, green, blue and white lights can be
disposed within the pixel region. The organic light emitting
diode R/G/B/W can be controlled by the driving thin film
transistor DR-Tr. Also, a storage capacitor Cst configured to
charge a data signal (or a video signal) can be disposed
within the pixel region. The storage capacitor Cst can be
used to control the driving thin film transistor DR-Tr.
[0039] The switching thin film transistor SW-Tr is turned-
on in response to a scan signal (or a gate driving signal)
applied from the scan line Scan, and charges the data signal
applied from the data line Vdata into the storage capacitor
Cst. The driving thin film transistor DR-Tr is turned-on in
response to the data signal charged in the storage capacitor
Cst, and controls a current quantity which is applied from
the power line VDD to the organic light emitting diode
OLED.

[0040] The sensing thin film transistor S-Tr is connected a
connection node between the driving thin film transistor
DR-Tr and the organic light emitting diode OLED. Also, the
sensing thin film transistor S-Tr can control a ground state
of the driving thin film transistor DR-Tr.

[0041] N-type transistors are used as the thin film transis-
tors DR-Tr, S-Tr and SW-Tr shown in FIGS. 1 and 2, as an
example. Alternatively, P-type transistors can be used as the
thin film transistors DR-Tr, S-Tr and SW-Tr of FIGS. 1 and
2

[0042] The operation of the above-mentioned pixel of the
OLED device according to the present disclosure will now
be described.

[0043] If the gate driving signal (or a scan signal) is
applied to the switching thin film transistor SW-Tr through
one of the scan lines Scan, the switching thin film transistor
SW-Tr is turned-on. Then, the data signal applied through
one of the data lines Vdata is stored into the storage
capacitor Cst.

[0044] When the scan signal is intercepted, the switching
thin film transistor SW-Tr is turned-off. As such, the driving
thin film transistor DR-Tr is turned-on in response to the
data signal stored into the storage capacitor Cst.

[0045] The turned-on driving thin film transistor DR-Tr
controls the quantity of a current flowing into the organic
light emitting diode OLED through one of the power lines
VDD. The quantity of the current flowing into the organic
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light emitting diode OLED is controlled according to the
data signal stored in the storage capacitor Cst.

[0046] The organic light emitting diode OLED can include
an anode electrode, a cathode electrode and an organic
compound layers HIL, HTL, EML, ETL and EIL interposed
between the two electrodes. The organic compound layers
can include a hole injection layer HIL, a hole transportation
layer HTL, a light emission layer EML, an electron trans-
portation layer ETL and an electron injection layer EIL.

[0047] If a driving voltage is applied between the anode
electrode and the cathode electrode, holes passing through
the hole transportation layer HTL and electrons passing
through the electron transportation layer ETL move into the
light emission layer EML and form excitons. In accordance
therewith, visible light is generated in the light emission
layer EML.

[0048] Meanwhile, an aperture area of the organic light
emitting diode OLED can increase and decrease according
to a storage capacitor domain Cst as shown in FIG. 1. The
aperture area of the organic light emitting diode OLED can
become larger by narrowing the storage capacitor domain.
However, the storage capacitor must be designed to have a
large capacitance value, in order to sufficiently charge the
data signal applied from the data line Vdata. As such, it is
difficult to reduce the storage capacitor domain below a
limitation because of securing a sufficient aperture ratio.

[0049] To address this matter, the present disclosure
enables the storage capacitor of the OLED device to struc-
turally include a plurality of sub storage capacitors which is
formed by stacking a plurality of storage electrodes within
the same occupation area. The sub storage capacitors are
connected parallel to one another. As such, a total storage
capacitance can become a sum of sub storage capacitances.

[0050] The structure of the storage capacitor of the present
disclosure will now be described in detail through a manu-
facturing procedure of the OLED device which is illustrate
in FIGS. 3A through 3E.

[0051] FIGS. 3A through 3E are cross-sectional views
which illustrating a manufacturing method of an OLED
device and taken along lines I-I' and II-IT' in FIG. 1.

[0052] Referring to FIGS. 1 and 3A through 3E, the
manufacturing method of the OLED device according to an
embodiment of the present disclosure forms a first gate
electrode 101¢ in a driving thin film transistor domain by
forming a first metal film on a substrate 100 and performing
a first mask procedure for the first metal film. At the same
time, a first storage electrode 201 is formed in a storage
capacitor domain within the OLED device of the present
disclosure.

[0053] The first gate electrode 101a and the first storage
electrode 201 can be formed from an opaque conductive
material with a low resistance, such as aluminum Al, an
aluminum-alloy, nickel Ni, chromium Cr, molybdenum Mo,
titanium Ti, platinum Pt, tantalum Ta and so on. Alterna-
tively, the first gate electrode 101a and the first storage
electrode 201 can be formed in a multi-layered structure
which is formed by stacking transparent and opaque con-
ductive materials. The transparent conductive material can
include indium-tin-oxide ITO, indium-zinc-oxide 1ZO and
SO on.

[0054] After the first gate electrode 101a and the first
storage electrode 201 are formed on the substrate 100, a first
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gate insulation film 102 and an oxide semiconductor layer
are sequentially formed on the entire surface of the substrate
100 as shown in FIG. 3B.

[0055] Subsequently, a second mask procedure is per-
formed for the oxide semiconductor layer. In accordance
therewith, a channel layer 104a is formed on the first gate
insulation film 102 opposite to the first gate electrode 1014,
and a second storage electrode 202 is formed on the first
storage electrode 201. The second storage electrode 202 is
formed from the oxide semiconductor layer.

[0056] The oxide semiconductor layer can be formed from
an amorphous oxide material including at least one of
indium In, zinc Zn, gallium Ga and hafnium Hf. For
example, if the oxide semiconductor layer of Ga—In—
Zn—O0 is formed through a sputtering process, either targets
formed from In203, Ga203 and ZnO or a single target
formed from Ga—In—Z7n oxide can be used in the sputter-
ing process. Alternatively, when the oxide semiconductor
layer of Hf—In—7n—0O is formed through another sput-
tering process, either targets formed from HfO2, In203 and
ZnO or a single target formed from Hf—In—7n oxide can
be used in another sputtering process.

[0057] As shown in FIG. 3C, a second gate insulation film
103 and a second metal film are sequentially formed on the
entire surface of the substrate 100 after the storage electrode
202 and the channel layer 104a are formed in a storage
capacitor domain and a driving thin film transistor domain,
respectively.

[0058] Thereafter, a third mask procedure is performed for
the second metal film and the second gate insulation film
103. As such, a second gate electrode 1015 is formed on the
second gate insulation film 103 opposite to the channel layer
104a, and then a second gate insulation film pattern 103 is
formed on the channel layer 104a. The second gate electrode
1015 on the second gate insulation film 103 can be formed
through a wet-etching process. The second gate insulation
film pattern 103 on the channel layer 104a can be prepared
through a dry-etching process.

[0059] Also, a third storage electrode 203 and another
second gate insulation film pattern 103 are sequentially
formed on the second storage electrode 202 within the
storage capacitor domain when the wet-etching process and
the dry-etching process are continuously performed for the
second metal film and the second gate insulation film 103.
The third storage electrode 203 comes in electrical contact
with the first storage electrode 201, which is formed on the
substrate 100, through a contact hole.

[0060] The second metal film used in the formation of the
second gate electrode 1015 and the third storage electrode
203 can be formed from the same material as the first metal
film which had been used in the formation of the first gate
electrode 101a.

[0061] Also, the channel layer 104 is partially exposed to
a plasma gas which is used in the dry-etching process for
patterning the second gate insulation film 103, thereby
causing an oxygen shortcoming phenomenon. As such, the
channel layer 104a is partially changed into conductive
semiconductor patterns 104.

[0062] In detail, as shown in the drawing, both side
portions of the channel layer 104a exposed by the second
gate electrode 1015 are exposed to the plasma gas during the
dry-etching process and changed into the conductive semi-
conductor patterns 104. Also, another portion of the channel
layer 104a not covered with the third storage electrode 203
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within the storage capacitor domain is exposed to the plasma
gas during the dry-etching process and changed into the
conductive semiconductor pattern 104.

[0063] As such, a part of the second storage electrode 202
in an overlapping region with the third storage electrode 203
1s formed from the oxide semiconductor layer, but the rest of
the channel layer in a non-overlapping region with the third
storage electrode 203 is formed from the conductive semi-
conductor pattern 104.

[0064] After the second gate electrode 1015 and the third
storage electrode 203 are formed on the second gate insu-
lation film 103, an interlayer insulation film 107 is formed
on the entire surface of the substrate 100 as shown in FIG.
3D. Subsequently, a contact hole formation process is pet-
formed for the interlayer insulation film 107 in order to
expose the conductive semiconductor patterns 104 which
correspond to both side edges of the channel layer 104a
opposite to outer regions of the second gate electrode 1014.
[0065] The contact hole formation process forms other
contact holes within the storage capacitor domain. The
contact holes within the storage capacitor domain expose a
part of the third storage electrode 203 and a part of the
conductive semiconductor pattern 104 which is formed in a
single body united with the second storage electrode 202.
[0066] Afterward, a source/drain metal film is formed on
the entire surface of the substrate 100 and a fourth mask
procedure is performed for the source/drain metal film. In
accordance therewith, source/drain electrodes 115¢ and
1155 being in contact with the conductive semiconductor
patterns 104 exposed by the second gate electrode 1015 are
formed as shown in FIG. 3E.

[0067] The source/drain metal film can be formed from
any one of molybdenum Mo, titanium Ti, tantalum Ta,
tungsten W, copper Cu, chromium Cr, aluminum Al and
alloys thereof.

[0068] Also, a fourth storage electrode 204 overlapping
with the third storage electrode 203 is formed on the
interlayer insulation film 107 within the storage capacitor
domain. The fourth storage electrode 204 is simultaneously
formed with the source/drain electrodes 115a and 115b.
[0069] The fourth storage electrode 204 is formed in a
single body united with the second storage electrode 202.
Such a fourth storage electrode 204 comes in electrical
contact with the conductive semiconductor pattern 104
which is exposed by partially removing the interlayer insu-
lation film 107.

[0070] Moreover, a connection pattern 216 being electri-
cally separated from the fourth storage electrode 204 is
formed. The connection pattern 216 comes in electrical
contact with the exposed third storage electrode 203. Such
a connection pattern 216 is used for electrically connecting
the third storage electrode 203 with a fifth storage electrode
205 which will be formed later. Similarly to the fourth
storage electrode 204, the connection pattern 216 is simul-
taneously formed with the source/drain electrodes 1154 and
1155.

[0071] After the fourth storage electrode 204 and the
source/drain electrodes 1154 and 1155 are formed on the
substrate 100, a passivation film 108 is formed on the entire
surface of the substrate 100. Also another contact hole
formation process for exposing a part of the connection
pattern 216 is performed for the passivation film 108.
[0072] Thereafter, the fifth storage electrode 205 is simul-
taneously formed on the passivation film 108 opposite to the



US 2017/0236888 A1l

fourth storage electrode 204 when an electrode (one of
anode and cathode electrodes) of an organic light emitting
diode OLED is formed. The fifth storage electrode 205 is
electrically connected to the connection pattern 216.
[0073] In this manner, the storage capacitor Cst of the
OLED device according to the present disclosure can be
formed in such a manner that the first, third and fifth storage
electrodes 201, 203 and 205 connected to one another
overlap alternately with the second and fourth storage elec-
trodes 202 and 204 connected to each other. As such, the
storage capacitor Cst is configured with four sub storage
capacitors (C1 through C4 in FIG. 5) connected parallel to
one another.

[0074] Such a connection structure of the sub storage
capacitors shown in FIG. 5 allows first through fourth sub
storage capacitors C1 through C4 to be stacked in such a
manner as to overlap with one another in a perpendicular
direction. However, the first through fourth sub storage
capacitors C1 through C4 are connected parallel to one
another. As such, the total capacitance value of the storage
capacitor within the OLED device of the present disclosure
can be set to have the sum of capacitance values of the first
through fourth sub storage capacitors C1 through C4.
[0075] Although the storage capacitor domain of the pres-
ent disclosure is defined in the same area as that of the
related art, the storage capacitor Cst of the present disclosure
can obtain a large storage capacitance corresponding to the
sum of four sub storage capacitors. In accordance therewith,
a charge property of the data signal can be enhanced.
[0076] Moreover, the OLED device of the present disclo-
sure can obtain a large storage capacitance value using a
storage capacitor domain no more than that of the related art.
As such, the OLED device of the present disclosure can
enhance the aperture ratio of the organic light emitting diode
OLED.

[0077] FIG. 4A is a cross-sectional view illustrating the
connection structure of capacitors within a thin film tran-
sistor of a dual gate electrode structure which is used to the
OLED device according to an embodiment of the present
disclosure. FIG. 4B is a data sheet comparison-illustrating
capacitive properties of dual gate, top gate and bottom thin
film transistors with respect to an electric field.

[0078] Referring to FIGS. 4A and 4B, the OLED device of
the present disclosure includes a thin film transistor with a
dual gate structure. The thin film transistor with the dual gate
structure includes a bottom capacitor C bottom and a top
capacitor C top which are formed in a gate electrode region.
The bottom capacitor C bottom is formed between the first
gate electrode 101a and the channel layer 104a. The top
capacitor C top is formed between the second gate electrode
1015 and the channel layer 104a.

[0079] However, the conductive semiconductor patterns
104 not overlapping with the second gate electrode 1015 and
the channel layer 104a of the oxide semiconductor layer
between the conductive semiconductor patterns 104 can
cause a problem. As such, it is necessary to ascertain
whether capacitances are formed between the channel layer
104 and the first and second gate electrodes 101a and 1015.
[0080] As seen from FIG. 4B, it is evident that the bottom
and top capacitors C bottom and C top have capacitance
values of about 20.0 F and 45.0 F, respectively.

[0081] Also, the total capacitance of the gate electrode
region within the driving thin film transistor DR Tr is 70.0
F. In other words, it is evident that the total capacitance of
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the gate electrode region corresponds to the sum of the
bottom and top capacitors C bottom and C top.

[0082] As such, it is evident that capacitors are formed
between the channel layer 104a and the gate electrodes 101a
and 1015 within the thin film transistor.

[0083] Although the OLED device allows the metal mate-
rial electrodes and the channel layer of the oxide semicon-
ductor layer to be stacked alternately with one another, it is
evident that storage capacitances are formed between them.
[0084] FIG. 5 is a cross-sectional view showing a parallel
structure of a storage capacitor domain within the OLED
device according to an embodiment of the present disclo-
sure.

[0085] Referring to FIG. 5, the OLED device of the
present disclosure provides a storage capacitor domain
within the pixel region. As shown in FIG. 3E, the storage
capacitor Cst has a structure of including the first through
fifth storage electrodes 201 through 205 which are sequen-
tially stacked on the substrate 100.

[0086] The first and second gate insulation films 102 and
103, the interlayer insulation film 107 and the passivation
film 108 are disposed between the first through fifth storage
electrodes 201 through 205.

[0087] In accordance therewith, a first sub storage capaci-
tor C1 is formed between the first and second storage
electrodes 201 and 202. Also, a second sub storage capacitor
C2 is formed between the second and third storage elec-
trodes 202 and 203. Moreover, a third sub storage capacitor
C3 is formed between the third and fourth storage electrodes
203 and 204. Furthermore, a fourth sub storage capacitor C4
is formed between the fourth and fifth storage electrodes 204
and 205.

[0088] As explained in FIGS. 4A and 4B, the first through
fourth sub storage capacitors C1 through C4 are connected
parallel to one another. As such, the storage capacitance Cst
of the OLED device according to the present disclosure can
become the sum of the first through fourth sub storage
capacitors C1 through C4. Moreover, although the second
storage electrode 202 is the channel layer formed from the
oxide semiconductor, the second storage electrode 202
together with the conductive semiconductor pattern 104 can
have a metallic property and be used as an electrode.

Storage capacitor Cst=1st sub storage capacitor
C1+2nd sub storage capacitor C2+3rd sub stor-

age capacitor C3+4th sub storage capacitor C4  [Equaticn 1]

[0089] In other words, the storage capacitor Cst can be
defined by the above-mentioned equation 1.

[0090] As such, the OLED device of the present disclosure
can obtain a large storage capacitance value using a storage
capacitor domain no more than that of the related art. Also,
the OLED device of the present disclosure can obtain a
desired storage capacitance value using a storage capacitor
domain no more than that of the related art

[0091] Moreover, although the storage capacitor domain
of the OLED device according to the present disclosure is
defined narrower than that of the related art, a large storage
capacitor Cst can be obtained. In accordance therewith, the
organic light emitting diode domain can expand. In other
words, the aperture ratio of the pixel region can become
larger.

[0092] FIGS. 6A through 6F are cross-sectional views
illustrating a manufacturing method of an OLED device
according to another embodiment of the present disclosure.
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[0093] The OLED device according to another embodi-
ment of the present disclosure has the same planar structure
as the pixel shown in FIG. 1. As such, a storage capacitor
domain shown in FIGS. 6A through 6F corresponds to a
portion taken along a line I-I' in FIG. 1, and a thin film
transistor domain shown in FIGS. 6A through 6F corre-
sponds to another portion taken along another line II-IT' in
FIG. 1.

[0094] For the convenience of explanation, the manufac-
turing method of the OLED device according to another
embodiment of the present disclosure will now be described
together with the planar structure of the pixel shown in FIG.
1.

[0095] Referring to FIGS. 1 and 6A through 6F, the
manufacturing method of the OLED device according to
another embodiment of the present disclosure forms a first
gate electrode 301q in a driving thin film transistor domain
by forming a first metal film on a substrate 300 and per-
forming a first mask procedure for the first metal film. At the
same time, a first storage electrode 401 is formed in a storage
capacitor domain within the OLED device of the present
disclosure.

[0096] The first gate electrode 301a and the first storage
electrode 401 can be formed from an opaque conductive
material with a low resistance, such as aluminum Al, an
aluminum-alloy, tungsten W, copper Cu, nickel Ni, chro-
mium Cr, molybdenum Mo, titanium Ti, platinum Pt, tan-
talum Ta and so on. Alternatively, the first gate electrode
301a and the first storage electrode 401 can be formed in a
multi-layered structure which is formed by stacking trans-
parent and opaque conductive materials. The transparent
conductive material can include indium-tin-oxide ITO,
indium-zinc-oxide IZO and so on.

[0097] After the first gate electrode 301a and the first
storage electrode 401 are formed on the substrate 300, a first
gate insulation film 302 and an oxide semiconductor layer
are sequentially formed on the entire surface of the substrate
300 as shown in FIGS. 6B and 6C.

[0098] Subsequently, a second mask procedure is per-
formed for the oxide semiconductor layer. In accordance
therewith, an active layer 304q is formed on the first gate
insulation film 302 opposite to the first gate electrode 301q,
and an oxide semiconductor pattern 402 is formed on the
first storage electrode 401.

[0099] The oxide semiconductor layer can be formed from
an amorphous oxide material including at least one of
indium In, zinc Zn, gallium Ga and hafnium Hf. For
example, if the oxide semiconductor layer of Ga—In—
Zn—0 is formed through a sputtering process, either mul-
tiple targets formed from In203, Ga203 and ZnO or a single
target formed from Ga—In—Z7n oxide can be used in the
sputtering process. Alternatively, when the oxide semicon-
ductor layer of Hf—In—7n—Q is formed through another
sputtering process, either multiple targets formed from
HfO2, In203 and ZnO or a single target formed from
Hf—In—7n oxide can be used in another sputtering pro-
cess.

[0100] A second gate insulation film 303 is formed on the
entire surface of the substrate 300 after the oxide semicon-
ductor pattern 402 and the active layer 304a are formed in
a storage capacitor domain and a driving thin film transistor
domain, respectively.

[0101] Afterward, a shield pattern 600 is formed on the
second gate insulation film 303, and one of an ultra-violet
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ray irradiation process and a plasma treatment process is
performed for the entire surface of the substrate 300 pro-
vided with the shield pattern 600. The shield pattern 600
allows the active layer 304a thereunder to be exposed to
ultra-violet rays or plasma gases. Such a shield pattern 600
can be formed from a photosensitive film.

[0102] Although the ultra-violet ray irradiation process or
the plasma treatment process is performed for the surface of
the substrate 300, the active layer 304a covered with the
shield pattern 600 is not affected with the ultra-violet rays or
the plasma gases because the ultra-violet rays or the plasma
gases are intercepted by the shield pattern 600. Meanwhile,
the oxide semiconductor pattern formed on the first storage
electrode 401 is exposed to the ultra-violet rays or the
plasma gases and changed into a second storage electrode
502 with superior conductivity.

[0103] A principle of enhancing the conductivity of the
second storage electrode 502 through the ultra-violet ray
irradiation process or the plasma treatment process will be
explained in detail through the descriptions of FIGS. 8A, 8B,
10A and 10B, later.

[0104] The shield pattern 600 is removed from the second
gate insulation film 303 after the formation of the second
storage electrode 502.

[0105] The metallized second storage electrode 502 can
have a superior conductive property compared to the second
storage electrode formed from the oxide semiconductor
material. As such, the metallized second storage electrode
502 can increase the capacitance of the storage capacitor.
Therefore, the storage capacitor can stably secure a desired
capacitance.

[0106] After the formation of the second storage electrode
502, a second metal film is formed on the entire surface of
the substrate 300 as shown in FIG. 6D. Subsequently, a third
mask procedure is performed for the second metal film and
the second gate insulation film 303. As such, a second gate
electrode 3015 is formed on the second gate insulation film
303 opposite to the active layer 304qa, and then a second gate
insulation film pattern 303 is formed on the active layer
304a. The second gate electrode 3015 on the second gate
insulation film 303 can be formed through a wet-etching
process. The second gate insulation film pattern 303 on the
active layer 304a can be patterned through a dry-etching
process. The wet-etching process and the dry-etching pro-
cess can be continuously performed.

[0107] Also, both side edges of the active layer 304a is
metallized by a plasma gas, which is used in the dry-etching
process for patterning the second gate insulation film 303,
because the second gate electrode 3015 overlaps with the
central portion of the active layer 204a. In other words, as
shown in the drawing, both side portions of the active layer
304a exposed by the second gate electrode 3015 are exposed
to the plasma gas during the dry-etching process, which is
performed after the wet-etching process, and changed into
the conductive portions 304.

[0108] Moreover, a third storage electrode 403 overlap-
ping with the second storage electrode 502 is formed within
the storage capacitor domain because the second metal film
and the second gate insulation film 303 covering the second
storage electrode 502 are sequentially etched through the
wet-etching process and the dry-etching process. The third
storage electrode 403 comes in electrical contact with the
first storage electrode 401 formed on the substrate 300
through a contact hole.
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[0109] The second metal film used in the formation of the
second gate electrode 3015 and the third storage electrode
403 can be formed from the same metal as the first metal film
which is used in the formation of the first gate electrode
301a.

[0110] After the second gate electrode 30156 and the third
storage electrode 403 are formed on the second gate insu-
lation film 303, an interlayer insulation film 307 is formed
on the entire surface of the substrate 300 as shown in FIG.
6E. Subsequently, a contact hole formation process is per-
formed for the interlayer insulation film 307 in order to
expose the conductive portions 304 which correspond to
both side edges of the active layer 304a opposite to outer
regions of the second gate electrode 3014.

[0111] The contact hole formation process forms other
contact holes within the storage capacitor domain. The
contact holes within the storage capacitor domain expose a
part of the third storage electrode 403 and a part of an
expanded portion which is formed in a single body united
with the second storage electrode 502.

[0112] Afterward, a source/drain metal film is formed on
the entire surface of the substrate 300 and a fourth mask
procedure is performed for the source/drain metal film. In
accordance therewith, source/drain electrodes 315a and
315b being in contact with the conductive portions 304 of
the active layer 304a exposed by the second gate electrode
301b are formed as shown in FIG. 6F.

[0113] The source/drain metal film can be formed from
any one of molybdenum Mo, titanium Ti, tantalum Ta,
tungsten W, copper Cu, chromium Cr, aluminum Al and
alloys thereof.

[0114] Also, a fourth storage electrode 404 overlapping
with the third storage electrode 403 is formed on the
interlayer insulation film 307 within the storage capacitor
domain. The fourth storage electrode 404 is simultaneously
formed with the source/drain electrodes 315a and 315b.
[0115] Such a fourth storage electrode 404 comes in
electrical contact with the expanded portion of the second
storage electrode 502 which is exposed by partially remov-
ing the interlayer insulation film 307. In other words, the
fourth storage electrode 404 is electrically connected to the
second storage electrode 502 through a contact hole.
[0116] Moreover, a connection pattern 416 being electri-
cally separated from the fourth storage electrode 404 is
formed. The connection pattern 416 comes in electrical
contact with the exposed third storage electrode 403. Such
a connection pattern 416 is used for electrically connecting
the third storage electrode 403 with a fifth storage electrode
405 which will be formed later. Similarly to the fourth
storage electrode 404, the connection pattern 416 is simul-
taneously formed with the source/drain electrodes 3154 and
3155.

[0117] After the fourth storage electrode 404 and the
source/drain electrodes 315¢ and 3156 are formed on the
substrate 300, a passivation film 308 is formed on the entire
surface of the substrate 300. Also another contact hole
formation process for exposing a part of the connection
pattern 416 is performed for the passivation film 308.
[0118] Subsequently, the fifth storage electrode 405 is
simultaneously formed on the passivation film 308 opposite
to the fourth storage electrode 404 when an electrode (one
of anode and cathode electrodes) of an organic light emitting
diode OLED is formed. The fifth storage electrode 405 is
electrically connected to the connection pattern 416.
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[0119] 1In this way, the storage capacitor Cst of the OLED
device according to the present disclosure can be formed in
such a manner that the first, third and fifth storage electrodes
401, 403 and 405 connected to one another overlap alter-
nately with the second and fourth storage electrodes 502 and
404 connected to each other. As such, the storage capacitor
Cst is configured with four sub storage capacitors (C1
through C4 in FIG. 5) connected parallel to one another.

[0120] Such a connection structure of the sub storage
capacitors allows first through fourth sub storage capacitors
C1 through C4 to be stacked in such a manner as to overlap
with one another in a perpendicular direction, as shown in
FIG. 12. However, the first through fourth sub storage
capacitors C1 through C4 are connected parallel to one
another. As such, the total capacitance value of the storage
capacitor Cst within the OLED device of the present dis-
closure can be set to have the sum of capacitance values of
the first through fourth sub storage capacitors C1 through
C4.

[0121] Although the storage capacitor domain of the pres-
ent disclosure is defined in the same area as that of the
related art, the storage capacitor Cst of the present disclosure
can obtain a large storage capacitance corresponding to the
sum of four sub storage capacitors. In accordance therewith,
a charge property of the data signal can be enhanced.

[0122] Moreover, the OLED device of the present disclo-
sure can obtain a large storage capacitance value using a
storage capacitor domain no more than that of the related art.
As such, the OLED device of the present disclosure can
enhance the aperture ratio of the organic light emitting diode
domain.

[0123] Furthermore, the OLED device of the present dis-
closure performs the light irradiation process or the plasma
treatment process for the oxide semiconductor pattern,
which is used to form an electrode of the storage capacitor,
enhances conductivity of the electrode. Therefore, the stor-
age capacitor can stably secure a desired capacitance.

[0124] FIG. 7 is a data sheet illustrating a capacitive
property of an ordinary thin film transistor which uses an
oxide semiconductor layer as a capacitor electrode. As
shown in FIG. 7, the capacitor using the oxide semiconduc-
tor as an electrode has lower conductivity when a low
voltage is applied. As such, the electrode formed from the
oxide semiconductor deteriorates the property of the capaci-
tor.

[0125] When the OLED device is not driven, there is not
any problem because a capacitance is unnecessary. How-
ever, the capacitance of the storage capacitor can be nor-
mally generated by a high voltage of at least 5V which is
applied during a driving interval. Meanwhile, the capaci-
tance of the storage capacitor decreases in a low voltage
interval of about 0-5V.

[0126] In other words, the storage capacitor configured
with electrodes formed from the oxide semiconductor within
the pixel region has a conductive property, but the conduc-
tive property deteriorates in the low voltage interval. Due to
this, the property of the storage capacitor must deteriorate.

[0127] On the other hand, the present disclosure performs
the light irradiation process or the plasma treatment process
for the storage electrode formed from the oxide semicon-
ductor, and enhances conductivity of the storage electrode.
Therefore, the storage capacitor can have an enhanced

property.
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[0128] FIGS. 8A and 8B are views illustrating a conduc-
tivity enhancement principle which is realized by plasma-
treating an oxide semiconductor layer according to another
embodiment of the present disclosure. FIG. 9 is a data sheet
comparison-illustrating capacitive properties of thin film
transistors with a plasma-treated oxide semiconductor layer
in accordance with another embodiment of the present
disclosure and an ordinary oxide semiconductor layer.

[0129] As shown in FIGS. 8A, 8B and 9, an active layer
AL is formed from an oxide semiconductor and a gate
insulation film GL is formed on the active layer AL. If the
gate insulation film GL is exposed to a plasma gas, a
combination state of silicon atoms is changed and then
internal charge states of the gate insulation film GL and the
active layer AL are changed, due to collisions between
atoms. In general, the plasma gas enables positive charges to
be generated in the gate insulation film GL. As such, an
internal electric field is generated between the gate insula-
tion film GL and the active layer AL, as shown in FIG. 8B.

[0130] The internal electric field enhances conductivity of
the active layer AL. As such, the plasma-treated active layer
AL can have a superior conductive property compared to an
ordinary active layer formed from the oxide semiconductor.

[0131] As seen from FIG. 9, it is evident that the plasma-
treated oxide semiconductor layer enhances a conductive
property in the low voltage interval of about 0-5V, unlike an
ordinary oxide semiconductor layer As-dep. In other words,
the plasma treatment can shift the property of a capacitor
with the ordinary oxide semiconductor electrode in the left
direction. Therefore, the capacitive property of the storage
capacitor in the low voltage interval can be enhanced using
the plasma treatment.

[0132] FIGS. 10A and 10B are views illustrating a con-
ductivity enhancement principle which is realized by irra-
diating light onto an oxide semiconductor layer according to
another embodiment of the present disclosure. FIG. 11 is a
data sheet comparison-illustrating capacitive properties of
thin film transistors with a light-irradiated oxide semicon-
ductor layer in accordance with another embodiment of the
present disclosure and an ordinary oxide semiconductor
layer.

[0133] Referring to FIGS. 10A, 10B and 11, when light is
irradiated onto an oxide semiconductor, a vacancy is gen-
erated within the oxide semiconductor and the density of
carriers becomes higher.

[0134] As such, a Fermi level Ef is moved toward to a
conduction band based on a valence band. In accordance
therewith, the current property of the light-irradiated oxide
semiconductor enhances.

[0135] As shown in the drawings, an energy gap between
the Fermi level and the conduction band in the initial oxide
semiconductor is about 0.54 eV, but the energy gap between
the Fermi level Ef and the conduction band Ec in the
light-irradiated oxide semiconductor becomes about (.24
eV.

[0136] FIG. 10B illustrates current properties of the light-
irradiated oxide semiconductor and the initial oxide semi-
conductor which are measured at temperatures of 50° C., 60°
C., 70° C. and 80° C. in a dark state shielded from light. As
seen from FIG. 10B, it is evident that the light-irradiated
oxide semiconductor (“[1”)can have a larger current quan-
tity compared to the initial oxide semiconductor (“O)
which is not exposed to light.
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[0137] The light-irradiated oxide semiconductor can have
an enhanced conductivity. As such, the oxide semiconductor
layer of the thin film transistor interposed between the first
gate electrode and the second gate electrode can be used as
a storage electrode.

[0138] In this case, the first and second gate electrodes of
the thin film transistor can be connected parallel to each
other based on the storage capacitor electrode with the
superior conductivity. Therefore, the capacitance of the thin
film transistor with the oxide semiconductor layer can
increase.

[0139] As seen from FIG. 11, it is evident that the capaci-
tance (“¥”) of the thin film transistor with the light-
irradiated oxide semiconductor layer becomes larger than
that (“@”) of the ordinary thin film transistor with the initial
(or normal) oxide semiconductor layer not exposed to light.
[0140] FIG. 12 is a cross-sectional view showing a parallel
structure of a storage capacitor domain within the OLED
device according to another embodiment of the present
disclosure.

[0141] Referring to FIG. 12, the OLED device of the
present disclosure provides a storage capacitor domain
within the pixel region. As shown in FIG. 6F, the storage
capacitor Cst has a structure of including the first through
fifth storage electrodes 401, 502 and 403 through 405 which
are sequentially stacked on the substrate 300.

[0142] The first and second gate insulation films 302 and
303, the interlayer insulation film 307 and the passivation
film 308 are interposed between the first through fifth
storage electrodes 401, 502, and 403 through 205.

[0143] In accordance therewith, a first sub storage capaci-
tor C1 is formed between the first and second storage
electrodes 401 and 502. Also, a second sub storage capacitor
C2 is formed between the second and third storage elec-
trodes 502 and 403. Moreover, a third sub storage capacitor
C3 is formed between the third and fourth storage electrodes
403 and 404. Furthermore, a fourth sub storage capacitor C4
is formed between the fourth and fifth storage electrodes 404
and 405,

[0144] In this manner, the first through fourth sub storage
capacitors C1 through C4 are connected parallel to one
another in equivalent circuit. As such, the storage capaci-
tance Cst of the OLED device according to the present
disclosure can become the sum of the first through fourth sub
storage capacitors C1 through C4. Also, although the second
storage electrode 502 is formed from the oxide semicon-
ductor, the second storage electrode 502 can have enhanced
conductivity through the light irradiation or the plasma
treatment. Therefore, the storage capacitor of the present
disclosure can stably secure a large storage capacitance.
[0145] As such, although the storage capacitor domain of
the present disclosure is defined in the same area as that of
the related art, the storage capacitor Cst of the present
disclosure can obtain a large storage capacitance corre-
sponding to the sum of four sub storage capacitors. In
accordance therewith, a charge property of the data signal
can be enhanced.

[0146] Moreover, although the storage capacitor domain
of the OLED device according to the present disclosure is
defined narrower than that of the related art, a large storage
capacitor Cst can be obtained. In accordance therewith, the
organic light emitting diode domain can expand. In other
words, the aperture ratio of the organic light emitting diode
domain can become larger.
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[0147] Furthermore, the OLED device of the present dis-
closure performs the light irradiation process or the plasma
treatment process for the oxide semiconductor pattern,
which is used to form an electrode of the storage capacitor,
enhances conductivity of the electrode. Therefore, the stor-
age capacitor can stably secure a desired capacitance.
[0148] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modi-
fications are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A method of manufacturing an organic light emitting
diode display device, the method comprising:

preparing a substrate in which an organic light emitting
diode domain and a storage capacitor domain are
defined;

forming a first gate electrode and a first storage electrode
on the substrate;

sequentially forming a first gate insulation film and an
oxide semiconductor layer on the substrate provided
with the first gate electrode;

forming a channel layer on the first gate insulation film
opposite to the first gate electrode, and a second storage
electrode on the first gate insulation film opposite to the
first storage electrode;

sequentially forming a second gate insulation film and a
metal film on the substrate provided with the channel
layer;

forming a second gate electrode on the second gate
insulation film opposite to the channel layer, and a third
storage electrode on the second gate insulation film
opposite to the second storage electrode within the
storage capacitor domain;

forming an interlayer insulation film on the substrate
provided with the second gate electrode;

performing a contact hole formation process for the
interlayer insulation film;

forming source and drain electrodes electrically con-
nected to the channel layer, and a fourth storage elec-
trode on the interlayer insulation film opposite to the
third storage electrode;

forming a passivation film on the substrate provided with
the source and drain electrodes; and

forming a fifth storage electrode on the passivation film
opposite to the fourth storage electrode.

2. The method of claim 1, wherein the channel layer is

formed from the oxide semiconductor layer.

3. The method of claim 1, wherein the formation of the
second gate electrode and the third storage electrode
includes:

a wet-etching process for etching the metal film to form
the second gate electrode and the third storage elec-
trode; and

a dry-etching process for patterning the second gate
insulation film under the second gate electrode and the
third storage electrode.
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4. The method of claim 3, wherein the dry-etching process
is used to partially remove the second gate insulation film
and enables a part of the channel layer under the second gate
electrode to be changed into conductive semiconductor
patterns by a plasma gas.

5. The method of claim 1, wherein the storage capacitor
domain includes the first through the fifth storage electrodes,
and has a capacitance value corresponding to the sum of
first, second, third, and fourth sub-storage capacitors which
are formed between the first through fifth storage electrodes.

6. The method of claim 5, wherein

the first, the third, and the fifth storage electrodes are

electrically connected to one another;

the second and the fourth storage electrodes are electri-

cally connected to each other; and

the first through the fourth sub storage capacitors are

connected parallel to one another.

7. The method of claim 1, wherein the second storage
electrode is formed from the channel layer.

8. The method of claim 1, wherein the first storage
electrode is of a same material as the first gate electrode and
is in a same layer as the first gate electrode.

9. The method of claim 8, wherein the third storage
electrode is of a same material as the second gate electrode
and is in a same layer as the second gate electrode.

10. A method of manufacturing an organic light emitting
diode display device, the method comprising:

preparing a substrate in which an organic light emitting

diode domain and a storage capacitor domain are
defined;

forming a first gate electrode and a storage electrode on

the substrate;

sequentially forming a first gate insulation film and an

oxide semiconductor layer on the substrate provided
with the first gate electrode;

forming an active layer on the first gate insulation film

opposite to the first gate electrode, and an active pattern
on the first gate insulation film opposite to the first
storage electrode;

forming a second gate insulation film on the substrate

provided with the active layer;

forming a shield pattern on the second gate insulation film

opposite to the active layer;

forming a second storage electrode by performing one of

a light irradiation process and a plasma treatment
process for the active pattern and enhancing conduc-
tivity of the active pattern;

forming a metal film on the substrate provided with the

second gate insulation film;

forming a second gate electrode on the second gate

insulation film opposite to the active layer, and a third
storage electrode on the second gate insulation film
opposite to the second storage electrode within the
storage capacitor domain;

forming an interlayer insulation film on the substrate

provided with the second gate electrode;

performing a contact hole formation process for the

interlayer insulation film;

forming source and drain electrodes electrically con-

nected to the active layer, and a fourth storage electrode
on the interlayer insulation film opposite to the third
storage electrode;

forming a passivation film on the substrate provided with

the source and drain electrodes; and
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forming a fifth storage electrode on the passivation film
opposite to the fourth storage electrode.

11. The method of claim 10, wherein the active layer and
the second storage electrode are formed from an oxide
semiconductor.

12. The method of claim 10, wherein the formation of the
second gate electrode and the third storage electrode
includes:

a wet-etching process for etching the metal film to form
the second gate electrode and the third storage elec-
trode; and

a dry-etching process for patterning the second gate
insulation film under the second gate electrode and the
third storage electrode.

13. The method of claim 12, wherein the dry-etching
process is used to partially remove the second gate insula-
tion film and enables both side edges of the active layer
under the second gate electrode film to be changed into
conductive portions by a plasma gas.

14. The method of claim 10, wherein the storage capacitor
domain includes the first through fifth storage electrodes,
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and has a capacitance value corresponding to the sum of
first, second, third, and fourth sub storage capacitors which
are formed between the first through the fifth storage elec-
trodes.

15. The method of claim 14, wherein

the first, the third and the fifth storage electrodes are

electrically connected to one another;

the second and the fourth storage electrodes are electri-

cally connected to each other; and

the first through the fourth sub storage capacitors are

connected parallel to one another.

16. The method of claim 10, wherein the oxide semicon-
ductor layer includes at least one of indium In, zinc Zn,
gallium Ga and hafnium Hf.

17. The method of claim 10, wherein the first storage
electrode is of a same material as the first gate electrode and
is in a same layer as the first gate electrode.

18. The method of claim 17, wherein the third storage
electrode is of a same material as the second gate electrode
and is in a same layer as the second gate electrode.
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