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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

[0001] Thepresentapplication claims the priority benefit of
Korean Patent Application No. 10-2013-0144341 filed Nov.
26,2013, and Korean Application No. 10-2014-0162848 filed
Nov. 20, 2014, in Republic of Korea, which are herein incor-
porated by reference for all purposes as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting diode (OLED) display device. More particularly, the
present invention relates to an OLED display device having
an improved storage capacitance, and a method of fabricating
the same.

[0004] 2. Discussion of the Related Art

[0005] As society has entered more of an information age,
various types of display devices that represent all sorts of
electrical signals as visual images have been rapidly devel-
oped. For example, a liquid crystal display (LCD) device and
an organic light emitting diode (OLED) display device have
been widely introduced and used as a substitute for a display
device of cathode-ray tube type.

[0006] The OLED display device of new flat panel display
devices is a self-emitting type. The OLED display device has
excellent characteristics of a view angle, a contrast ratio and
so on. Also, since the OLED display device does not require
a backlight assembly, the OLED display device has low
weight and low power consumption. Moreover, the OLED
display device has advantages of a high response rate, a low
production cost and so on. In addition, all elements of the
OLED display device are a solid phase, the device is strong
against an outer impact. Particularly, there is a big advantage
in production cost. A fabricating process of the OLED display
device is very simple and requires a deposition apparatus and
an encapsulating apparatus.

[0007] Inan active matrix type OLED device, a voltage for
controlling an electric current of a pixel is charged in a storage
capacitor such that a level of the electric current is maintained
to a next frame.

[0008] FIG.1isa circuit diagram of one pixel region of the
related art OLED display device.

[0009] As shown in FIG. 1, the OLED display device
includes a gate line GL along a first direction, a data line DL,
along a second direction, a switching thin film transistor
(TFT) Tsw, a storage capacitor Cst, a driving TFT Tdr, and an
emitting diode E. The gate line GL and the data line DL cross
each other to define a pixel region P.

[0010] The switching TFT Tsw is positioned at a crossing
portion of the gate and data lines GL and DL and is connected
to the gate and data line GL and DL. The driving TFT Tdr is
electrically connected to the switching TFT Tsw.

[0011] The driving TFT Tdr and the storage capacitor Cst
are connected to the switching TFT Tsw and a high level
voltage VDD. The emitting diode E is connected to the driv-
ing TFT Tdr and a low level voltage VSS.

[0012] When the switching TFT Tsw is turned on by a gate
signal applied through the gate line GL, a data signal from the
dataline DL is applied to the gate electrode of the driving TFT
Tdr and an electrode of the storage capacitor Cst. When the
driving TFT Tdr is turned on by the data signal, an electric
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current is supplied to the emitting diode E from the high level
voltage VDD. As a result, the emitting diode E emits light. In
this case, when the driving TFT Tdr is turned on, a level of an
electric current to the emitting diode E is determined such that
the emitting diode E can produce a gray scale.

[0013] The storage capacitor Cst serves to maintain the
voltage of the gate electrode of the driving TFT Tdr when the
switching TFT Tsw is turned off. Accordingly, even if the
switching TFT Tsw is turned off, a level of an electric current
to the emitting diode E is maintained to next frame.

[0014] To produce a high resolution display device, a num-
ber of pixel regions P in a unit area should be increased.
Namely, in the high resolution display device, a size of one
pixel region P is decreased.

[0015] When the size of one pixel region P is decreased, a
size of the storage capacitor Cst is also decreased such that a
storage capacitance is decreased.

[0016] When asize of the storage capacitor Cstis increased
to provide high storage capacitance, the aperture ratio is
reduced.

SUMMARY OF THE INVENTION

[0017] Accordingly, the present invention 1s directed to an
OLED display device that substantially obviates one or more
of the problems due to limitations and disadvantages of the
related art.

[0018] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0019] Inaccordance with the present invention, as embod-
ied and broadly described herein, an organic light emitting
diode display device includes a first oxide semiconductor
layer including first to fourth regions; a first insulating layer
on the first oxide semiconductor layer; a first gate electrode on
the first insulating layer and completely overlapping the first
region; a first storage electrode extending from the first gate
electrode and overlapping the second region; a second insu-
lating layer covering the first gate electrode and the first
storage electrode and exposing the third and fourth regions;
first source and drain electrodes on the second insulating
layer and contacting the third and fourth regions: and an
emitting diode connected to the first drain electrode, wherein
a portion of the second region at an edge of the first storage
electrode except a center of the first storage electrode is
conductive to form a second storage electrode, and the first
and second storage electrodes and the first insulating layer
constitute a first storage capacitor.

[0020] Inanotheraspect,amethodoffabricating an organic
light emitting diode display device includes forming an oxide
semiconductor layer on a substrate; forming a first insulating
pattern and a gate electrode on a first region of the oxide
semiconductor layer and a second insulating pattern and a
first storage electrode on a second region of the oxide semi-
conductor layer; deoxidizing a portion of the second region
inside an edge of the first storage electrode by performing a
plasma process; forming an insulating layer exposing third
and fourth regions of the oxide semiconductor layer at both
sides of the first region and covering the gate electrode and the
first storage electrode; forming source and drain electrodes on
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the insulating layer and contacting the third and fourth
regions; and forming an emitting diode connected to the drain
electrode.

[0021] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0023] FIG.1isa circuit diagram of one pixel region of the
related art OLED display device.

[0024] FIG. 2 is a circuit diagram of an OLED display
device according to the present invention.

[0025] FIG. 3 is a plane view of a portion of an OLED
display device according to a first embodiment of the present
invention.

[0026] FIGS. 4A and 4B are a plane view and a cross-
sectional view of a first storage capacitor in FIG. 3, respec-
tively.

[0027] FIG.5isa cross-sectional view taken along the line
V-V'in FIG. 3.
[0028] FIG. 6isa cross-sectional view taken along the line

VI-VI'in FIG. 3.

[0029] FIG. 7 is a plane view for explaining a problem in a
storage capacitor.

[0030] FIGS. 8A and 8D are cross-sectional views showing
a fabricating process for a first storage capacitor.

[0031] FIG. 9 is a plane view of a portion of an OLED
display device according to a second embodiment of the
present invention.

[0032] FIG.10isaplane view ofathird storage capacitorin
FIG. 9.
[0033] FIG.11is across-sectional view taken along the line

XI-XT' in FIG. 9.

DETAILED DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

[0034] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0035] FIG. 2 is a circuit diagram of an OLED display
device according to the present invention.

[0036] As shown in FIG. 2, an OLED display device
according to the present invention includes a switching thin
film transistor (TFT) Ts, a driving TFT Td, a reference TFT
Tr, a storage capacitor Cst, and an emitting diode E in one
pixel region.

[0037] In more detail, a gate line GL, which extends along
a first direction, and a data line DL, which extends along a
second direction, cross each other to define the pixel region.
Inaddition, a power line VDD applying a high level voltage to
the driving TFT Td and a reference line RL applying a refer-
ence voltage to the reference TFT Tr are formed.

[0038] The switching TFT Ts, the driving TFT Td, the
reference TFT Tr, the storage capacitor Cst and the emitting
diode E are formed in each pixel region.

[0039] A gate electrode and a source electrode of the
switching TFT Ts are connected to the gate line GL and the
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data line DL, respectively, to receive a gate signal and a data
signal. A gate electrode of the driving TFT Td is connected to
a drain electrode of the switching TFT Ts.

[0040] A drain electrode of the driving TFT Td is connected
to a drain electrode of the reference TFT Tr and a first elec-
trode, i.e., anode, of the emitting diode E, and a source elec-
trode of the driving TFT Td is connected to the power line
VDD. A second electrode, 1.e., cathode, of the emitting diode
E is connected to a low level voltage.

[0041] A gate electrode of the reference TFT Tr is con-
nected to the gate line GL, and a source electrode of the
reference TFT Tr is connected to the reference line RL. A
position of the source and drain electrodes of the references
TFT “Tr” may be changed. Namely, the source electrode of
the reference TFT Tris connected to the drain electrode of the
driving TFT Td, and a drain electrode of the reference TFT Tr
is connected to the reference line RL. In addition, the gate
electrode of the reference TFT Tr may be connected to
another signal line, not the gate line GL.

[0042] The storage capacitor Cst includes a first storage
capacitor Cstl (of FIG. 3) and a second storage capacitor Cst2
(of FIG. 3).

[0043] A firststorage electrode of the first storage capacitor
Cstl is electrically connected to the drain electrode of the
switching TFT Ts and the gate electrode of the driving TFT
Td, and a second storage electrode of the first storage capaci-
tor Cst1 is electrically connected to the drain electrode of the
driving TFT Td.

[0044] In addition, a first storage electrode of the second
storage capacitor Cst2 is electrically connected to the drain
electrode of the driving TFT Td, and a second storage elec-
trode of the second storage capacitor Cst2 is electrically con-
nected to the drain electrode of the switching TFT Ts and the
gate electrode of the driving TFT Td.

[0045] The switching TFT Ts is switched by a gate signal to
provide a data signal into the gate electrode of the driving TFT
Td, and the driving TFT Td is switched by the data signal to
control the electric current into the emitting diode E. A volt-
age for controlling an electric current of the emitting diode E
is charged in a storage capacitor Cst such that a level of the
electric current is maintained to next frame.

[0046] When the switching TFT Ts is turned on by the gate
signal applied through the gate line GL, the data signal from
the data line DL is applied to the gate electrode of the driving
TFT Td such that the driving TFT Td is turned on. When the
driving TFT Td is turned on by the data signal, the electric
current is supplied to the emitting diode E from the power line
VDD. As a result, the emitting diode E emits light. In this
case, when the driving TFT Td is turned on, a level of an
electric current to the emitting diode E is determined such that
the emitting diode E can produce a gray scale.

[0047] The storage capacitor Cst serves to maintain the
voltage of the gate electrode of the driving TFT Td when the
switching TFT Ts is turned off. Accordingly, even if the
switching TFT Ts is turned off, a level of an electric current to
the emitting diode E is maintained to a next frame.

[0048] When the reference TFT Tr is turned on, the drain
electrode of the reference TFT Tr is connected to the drain
electrode of the driving TFT Td such that property deviation
of the driving TFT Td is reduced. Namely, since the property
deviation of the driving TFT Td is minimized with three TFTs
in one pixel region, the aperture ratio of the OLED display
device is improved. On the other hand, the reference TFT Tr
can be omitted.
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[0049] 1Inthe presentinvention, a storage capacitance of the
storage capacitor Cst is improved or maximized without
decreasing the aperture ratio. As a result, the high resolution
OLED display device with the improved aperture ratio is
provided. In addition, since the deviation of the driving TFT
Td is reduced, the brightness difference in the OLED display
device is prevented.

[0050] FIG. 3 is a plane view of a portion of an OLED
display device according to a first embodiment of the present
invention, and FIGS. 4A and 4B are a plane view and a
cross-sectional view of a first storage capacitor in FIG. 3,
respectively.

[0051] As shown in FIG. 3, in the OLED display device
according to the first embodiment of the present invention, the
gate line GL and the data line DL cross each other to define the
pixel region. In addition, the power line VDD is spaced apart
from and is parallel to the data line DL to cross the gate line
GL, and the reference line RL is spaced apart from and is
parallel to the gate line GL to cross the data line DL and the
power line VDD.

[0052] In each pixel region, the switching TFT Ts (of FIG.
2), the driving TFT Td (of FIG. 2), the reference TFT Tr (of
FIG. 2), the storage capacitor Cst (of FIG. 2) and the emitting
diode E (of FIG. 2) are formed.

[0053] The driving TFT Td includes a first oxide semicon-
ductor layer 110, a first gate electrode 142, a first source
electrode 162 and a first drain electrode 164, and the switch-
ing TFT Ts includes a second oxide semiconductor layer 120,
a second gate electrode 144, a second source electrode 166
and a second drain electrode 168.

[0054] Referring to FIG. 5, which is a cross-sectional view
taken along the line V-V in FIG. 3, a first region 111 of the
first oxide semiconductor layer 110 overlaps the first gate
electrode 142 to serve as a channel of the driving TFT Td, and
the first source electrode 162 and the first drain electrode 164
respectively contact third and fourth regions 113 and 114 of
the first oxide semiconductor layer 110 at both sides of the
first region 111. In this instance, an oxide semiconductor
material in the third and fourth regions 113 and 114 of the first
oxide semiconductor layer 110 is deoxidized such that the
third and fourth regions 113 and 114 have a conductive prop-
erty.

[0055] Namely, a first gate insulating layer 130 and the first
gate electrode 142 are stacked on the first region 111 of the
first oxide semiconductor layer 110, and a second insulating
layer 150, which includes first and second semiconductor
contact holes 151 and 152 respectively exposing the third and
fourth regions 113 and 114 of the first oxide semiconductor
layer 110, is formed to cover the first gate electrode 142. The
first source electrode 162 and the first drain electrode 164 are
formed on the second insulating layer 150 and respectively
contact the third and fourth regions 113 and 114 of the first
oxide semiconductor layer 110 through the first and second
semiconductor contact holes 151 and 152. In this instance,
each of the third and fourth regions 113 and 114 of the first
oxide semiconductor layer 110 is deoxidized by a plasma
process in a step of forming the first insulating layer 130 and
the first gate electrode 142 to be conductive. The first insu-
lating layer 130 may be a gate insulating layer, and the second
insulating layer 150 may be an interlayer insulating layer.
[0056] Referring to FIG. 6, which is a cross-sectional view
taken along the line VI-VI' in FIG. 3, a first region 121 of the
second oxide semiconductor layer 120 overlaps the second
gate electrode 144 to serve as a channel of the switching TFT
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Ts, and the second source electrode 166 and the second drain
electrode 168 respectively contact second and third regions
122 and 123 of the second oxide semiconductor layer 120 at
both sides of the first region 121. In this instance, an oxide
semiconductor material in the second and third regions 122
and 123 of the second oxide semiconductor layer 120 is
deoxidized such that the second and third regions 122 and 123
have a conductive propetty.

[0057] Namely, the first gate insulating layer 130 and the
second gate electrode 144 are stacked on the first region 121
of the second oxide semiconductor layer 120, and the second
insulating layer 150, which further includes third and fourth
semiconductor contact holes 153 and 154 respectively expos-
ing the second and third regions 122 and 123 of the second
oxide semiconductor layer 120, is formed to cover the second
gate electrode 144. The second source electrode 166 and the
second drain electrode 168 are formed on the second insulat-
ing layer 150 and respectively contact the second and third
regions 122 and 123 of the second oxide semiconductor layer
120 through the third and fourth semiconductor contact holes
153 and 154. In this instance, each of the second and third
regions 122 and 123 of the second oxide semiconductor layer
120 is deoxidized by a plasma process in a step of forming the
first insulating layer 130 and the second gate electrode 144 to
be conductive.

[0058] Referring again to FIG. 3, the reference TFT Tr
includes a third oxide semiconductor layer, a third gate elec-
trode 148, a third source electrode 172 and a third drain
electrode 174. In FIG. 3, the third drain electrode 174 of the
reference TFT Tr and the first drain electrode 164 of the
driving TFT Td are the same element. Alternatively, the third
drain electrode 174 of the reference TFT Tr and the first drain
electrode 164 of the driving TFT Td may be formed to be
separated from each other and to be electrically connected to
each other by a connection pattern. In addition, in FIG. 3, the
third oxide semiconductor layer is a portion of the first oxide
semiconductor layer 110. Alternatively, the third semicon-
ductor layer may be formed to be separated from the first
oxide semiconductor layer 110.

[0059] Referring again to FIG. 5, a sixth region 116 of the
first oxide semiconductor layer 110 overlaps the third gate
electrode 148 to serve as a channel of the reference TFT Tr,
and the third source electrode 172 and the third drain elec-
trode 174 respectively contact the fourth region 114 and a
seventh region 117 of the first oxide semiconductor layer 110
at both sides of the sixth region 116. One end of the third
source electrode 172 contacts the first oxide semiconductor
layer 110 through a fifth semiconductor contact hole 156, and
the other end of the third source electrode 172 contacts the
reference line RL through a reference contacthole 157. In this
instance, an oxide semiconductor matetial in the fourth and
seventh regions 114 and 117 of the first oxide semiconductor
layer 110 is deoxidized such that the fourth and seventh
regions 114 and 117 have a conductive property.

[0060] Referring again to FIG. 3, the switching TFT Ts is
electrically connected to the gate line GL and the data line DL
and is positioned at a crossing portion of the gate line G and
the dataline DL. Namely, the second gate electrode 144 of the
switching TFT Ts is connected to the gate line GL, and the
second source electrode 166 of the switching TFT Ts is con-
nected to the data line DL.

[0061] The first gate electrode 142 of the driving TFT Td is
electrically connected to the second drain electrode 168 of the
switching TFT Ts. Namely, an extending portion 170, which
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extends from the second drain electrode 168 of the switching
TFT Ts, and the first gate electrode 142 of the driving TFT Td
contact through a gate contact hole 155 such that the first gate
electrode 142 of the driving TFT Td is electrically connected
to the second drain electrode 168 of the switching TFT Ts. In
more detail, the extending portion 170 of the second drain
electrode 168 of the switching TFT Ts contacts an extending
portion 146 of the first gate electrode 142 of the driving TFT
Td. In addition, the first source electrode 162 of the driving
TFT Td is connected to the power line VDD, and the first
drain electrode 164 of the driving TFT Td is connected to the
third drain electrode 174 of the reference TFT Tr.

[0062] InFIG. 3, the driving TFT Td and the reference TEFT
Tr share the drain electrode. Alternatively, the first drain
electrode 164 of the driving TFT Td and the third drain
electrode 174 of the reference TFT Tr may be formed to be
separated and may be electrically connected.

[0063] Thethird gate electrode 148 of the reference TFT Tr
is connected to the gate line GL, and the third source electrode
172 of the reference TFT Tr is connected to the reference line
RL.

[0064] The first to third gate electrodes 142, 144 and 148,
the extending portion 146 of the first gate electrode 146, the
first to third source electrodes 162, 166 and 172, the first to
third drain electrodes 164, 168 and 172 and the extending
portion 170 of the second drain electrode 168 includes a low
resistance metallic material, e.g., aluminum (Al), copper
(Cu), molybdenum (Mo), titanium (Ti), chromium (Cr) and
their alloys.

[0065] The emitting diode E is connected to the first drain
electrode 164 of the driving TFT Td and includes an anode, an
organic emitting layer and a cathode. For example, the anode
is connected to the first drain electrode 164 of the driving TFT
Td. In the OLED display device, the light from the organic
emitting layer passes through the anode and the substrate 101
or passes through the cathode. Namely, the OLED display
device is a bottom-emission type or a top emission-type.

[0066] The anode includes a relatively high work-function
conductive material, and the cathode includes a relatively low
work-function conductive material. For example, the anode
may include a transparent conductive material such as
indium-tin-oxide (ITO) or indium-zinc-oxide (IZ0). The
cathode may include Al, magnesium (Mg), silver (Ag), gold
(Au) and their alloys.

[0067] In the top-emission type OLED display device, the
cathode has a relatively small thickness to have the light
transmittance of about 45 to 50%. In addition, in the top-
emission type OLED display device, the anode may further
include a reflection layer of an opaque reflective conductive
material. For example, the reflection layer includes alumi-
num-palladium-copper (APC) alloy, and the anode may
include a triple-layered structure of ITO/APC/ITO.

[0068] The organic emitting layer has a single-layered
structure. On the other hand, to enhance the emission effi-
ciency, the organic emitting layer may include a multi-lay-
ered structure of a hole injecting layer, a hole transporting
layer, an emitting material layer, an electron transporting
layer and an electroninjecting layer stacked on the anode. The
organic emitting layer includes red, green and blue emitting
pattern in the pixel region.

[0069] Inthe emitting diode E, the hole from the anode and
the electron from the cathode are combined in the organic
emitting layer to generate an exciton. The exciton is trans-
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ferred from an excitation state to a ground state such that the
organic emitting layer emits the light.

[0070] The emitting diode E may be formed over the sub-
strate 101 (of FIG. 5), on which the driving TFT Td is formed,
or may be formed on a counter substrate (not shown) facing
the substrate 101.

[0071] The storage capacitor Cst includes the first storage
capacitor Cstl. A portion of the first oxide semiconductor
layer 110 and the extending portion of the first gate electrode
142 overlap to form the first storage capacitor Cstl.

[0072] Referring to FIGS. 4A and 4B, the first storage
capacitor Cstl includes a first storage electrode 149 as an
edge portion of the extending portion 146 of the first gate
electrode 142 and a second storage electrode 118 as an edge
portion of the second region 112 of the first semiconductor
layer 110. The first oxide semiconductor layer 110 is deoxi-
dized by the plasma process in or after a step of forming the
extending portion 146 the first gate electrode 142. In this
instance, since the extending portion 146 the first gate elec-
trode 142 serves as a blocking mask, the edge portion of the
second region 112 of the first oxide semiconductor layer 110
except a center portion of the second region 112 is deoxidized
to be conductive. Namely, since the center portion of the
second region 112 is blocked by the extending portion 146 of
the first gate electrode 142 and the first insulating layer 130,
the center portion of the second region 112 is not deoxidized
and maintains the non-conductive property.

[0073] The second storage electrode 118 has a width of
about 1.5 micrometers from an end of the edge of the extend-
ing portion 146 of the first gate electrode 142.

[0074] Accordingly, the first storage electrode 149 as the
edge portion of the extending portion 146 of the first gate
electrode 142, the second storage electrode 118 as the edge
portion of the second region 112 of the first oxide semicon-
ductor layer 110, which overlaps the first storage electrode
149, and the first insulating layer 130 therebetween constitute
the first storage capacitor Cstl.

[0075] In addition, the storage capacitor Cst further
includes a second storage capacitor Cst2. Referring to FIGS.
5 and 6, the second storage capacitor Cst2 includes a third
storage electrode as a fifth region 115, which is conductive, of
the first oxide semiconductor layer 110, a fourth storage
electrode as the extending portion 170 of the second drain
electrode 168 and the second insulating layer 150 as a dielec-
tric layer between the third and fourth storage electrodes.
[0076] Inthe OLED display device of the present invention,
since the first and second storage capacitors Cst1 and Cst2 use
the second region 112 and the fifth region 115 of the first
oxide semiconductor layer 110 as the second and third stor-
age electrodes, respectively, the storage capacitance is
increased or maximized without decreasing the aperture
ratio.

[0077] Inthisinstance, since the first storage capacitor Cst1
is formed along the edge portion of the extending portion 146
of the first gate electrode 142, an area of the first and second
storage electrodes 149 and 118 is relatively small. However,
since the firstinsulating layer 130 as the dielectric layer of the
first storage capacitor Cstl has a relatively small thickness,
the first storage capacitor Cst1 has sufficient storage capaci-
tance.

[0078] The second storage capacitor Cst2 includes the sec-
ond insulating layer 150 as the dielectric layer between the
third and fourth storage electrodes, while the first storage
capacitor Cstl includes the first insulating layer 130 as the
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dielectric layer between the first and second storage elec-
trodes 149 and 118. The first insulating layer 130 is formed of
an inorganic insulating material and has a first thickness. The
second insulating layer 150 is formed of an organic insulating
material and has a second thickness being greater than the first
thickness. Accordingly, though the area of the first and second
storage electrodes 149 and 118 of the first storage capacitor
Cstl is smaller than the area of the third and fourth storage
electrodes of the second storage capacitor Cst2, the first and
second storage capacitors Cstl and Cst2 have similar or sub-
stantially same storage capacitance.

[0079] In more detail, the first insulating layer 130 is
formed of the inorganic insulating material, e.g., silicon oxide
or silicon nitride, and has the first thickness of about 100 to
200 angstroms. On the other hand, the second insulating layer
150 is formed of the organic insulating material, e.g., photo-
acryl, and has the second thickness of about 300 to 600
angstroms. To minimize the parasitic capacitance between
each of the source and drain electrodes and the gate electrode
and minimize a step difference by lower elements, the second
insulating layer 150 is formed of the organic insulating mate-
rial to be thicker.

[0080] The first and second insulating layers 130 and 150
respectively serve as the dielectric layer of the first and second
storage capacitors Cst1 and Cst2, and the storage capacitance
“C” is provided by following equation:

C=c*4/d

[0081] (& a dielectric constant, A: an area of a storage
electrode, and d: a distance between the storage electrodes)

[0082] The storage capacitance “C” is proportional to the
storage electrode area “A” and the dielectric constant “€” of
the dielectric layer and is inversely-proportional to the dis-
tance “d” between the storage electrodes. With larger elec-
trode area “A”, high dielectric constant “€” and smaller dis-
tance “d” between the storage electrodes, the storage
capacitance “C” is increased.

[0083] The distance between the first and second storage
electrodes 149 and 118 in the first storage capacitor Cstl
including the first insulating layer 130 of the first thickness of
100 to 200 A is about one-third (¥4) of the distance between
the third and fourth storage electrodes in the second storage
capacitor Cst2 including the second insulating layer 150 of
the second thickness of 300 to 600 A. Accordingly, when the
area of the first storage capacitor Cstl is equal to the area of
the second storage capacitor Cst2, the storage capacitance of
the first storage capacitor Cstl is three times of the storage
capacitance of the second storage capacitor Cst2.

[0084] Accordingly, though the area of the first storage
capacitor Cstl is smaller than the area of the second storage
capacitor Cst2, the first storage capacitor Cstl has sufficient
storage capacitance. As a result, with minimizing the
decrease of the aperture ratio, the storage capacitance is maxi-
mized.

[0085] Referring again to FIG. 4A, the first storage capaci-
tor Cstl is formed at a portion of the first oxide semiconductor
layer 110. In this instance, an electric current path of the
driving TFT Td should not be blocked by the storage capaci-
tor Cstl. Namely, the extending portion 146 of the first gate
electrode 142 including the first storage electrode 149 does
not run across the first oxide semiconductor layer 110. In
other words, two sides of the extending portion 146 ofthe first
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gate electrode 142 at the electric current path of the driving
TFT Td is positioned inside the first oxide semiconductor
layer 110.

[0086] For example, as shown in FIG. 7, which is a plane
view for explaining a problem in a storage capacitor, when a
side of the extending portion 146 of the first gate electrode
142 at the electric current path of the driving TFT Td runs
across to be protrude beyond the first oxide semiconductor
layer 110, the electric current from the first source electrode
162 to the first drain electrode 164 is blocked. In this instance,
the extending portion 146 of the first electrode 142 also serves
as a gate electrode of the driving TFT Td such that the second
region 112 of the first oxide semiconductor layer 110 serves
as a channel of the driving TFT Td. As a result, a desired
channel is not provided, and the properties of the driving TFT
Td are changed.

[0087] To prevent the above problem, the extending portion
146 of the first gate electrode 142 including the first storage
electrode 149 does not run across the first oxide semiconduc-
tor layer 110.

[0088] In other words, the second region 112 of the first
oxide semiconductor layer 110 has a first length “d1” with
respect to a first direction, which crosses a second direction
connecting the first source electrode 162 and the first drain
electrode 164 along the first oxide semiconductor layer 110,
and the overlapping region between the extending portion
146 of'the first gate electrode 142 and the second region 112,
1.e., the overlapping region between the first storage electrode
149 and the second region 112, has a second length “d2” with
respect to the first direction. The second length “d2” is smaller
than the first length “d1”.

[0089] As shown in FIG. 7, when a third length “d3” of the
second region 112 is equal to a fourth length “d4” of the
overlapping region between the first storage electrode 149
and the second region 112, the electric current path between
the first source electrode 162 and the first drain electrode 164
is blocked such that the properties of the driving TFT Td are
degraded.

[0090] FIGS. 8A and 8D are cross-sectional views showing
a fabricating process for a first storage capacitor.

[0091] AsshowninFIG. 8A, anoxide semiconductor mate-
rial is deposited on the substrate 101 and is patterned by a
mask process to form the first oxide semiconductor layer 110
(of FIG. 5) including the second region 112. For example, the
oxide semiconductor material may include one of indium-
gallium-zinc-oxide (IGZ0), indium-tin-zinc-oxide (ITZO),
indium-zinc-oxide (IZ0), indium-gallium-oxide (IGO) and
indium-aluminum-zinc-oxide (TAZO).

[0092] Next, as shown in FIG. 8B, an inorganic insulating
material layer 132 and a metal layer 134 are sequentially
deposited on the second region 112 of the first oxide semi-
conductor layer 110, and a photoresist (PR) pattern 190 is
formed on the metal layer 134 to correspond to the extending
portion 146 (of FIG. 5) of the first gate electrode 142 (of FIG.
5). The inorganic insulating material layer 132 may include
silicon oxide or silicon nitride.

[0093] Next, as shown in FIG. 8C, the inorganic insulating
material layer 132 (of FIG. 8B) and the metal layer 134 (of
FIG. 8B) are etched using the PR pattern 190 as an etching
mask to form the extending portion 146 of the first gate
electrode 142 and the first insulating layer 130.

[0094] Next, as shown in FIG. 8D, a plasma process is
performed to the second region 112 of the first oxide semi-
conductor layer 110 using at least one of the PR pattern 190,
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the extending portion 146 and the first insulating layer 130 as
a blocking mask to deoxidize the second region 112 of the
first oxide semiconductor layer 110. For example, the plasma
process uses sulfur hexafluoride (SF6) gas or carbon tet-
rafluoride (CF4) gas to deoxidize the second region 112 of the
first oxide semiconductor layer 110. In this instance, after the
PR pattern 190 is removed, the plasma process may be per-
formed.

[0095] Since a portion of the first oxide semiconductor
layer 110 should be deoxidized by the plasma process, the
first insulating layer 130 has the same shape as the extending
portion 146 of the first gate electrode 142, Namely, the first
insulating layer 130 has substantially the same island shape as
the extending portion 146 of the first gate electrode 142.
[0096] By deoxidizing the first oxide semiconductor layer
110 by the plasma process, the first oxide semiconductor
layer 110 outside the extending portion 146 of the first gate
electrode 142. In addition, an inside portion of the first oxide
semiconductor layer 110 under the extending portion 146 of
the first gate electrode 142 is deoxidized by the gas of the
plasma process. Namely, by the plasma process, the second
region 112 of the first oxide semiconductor layer 110 is
divided into a center region 112a, which is not deoxidized,
and an edge region 1125, which is deoxidized to be conduc-
tive, and the edge region 1125 serves as the second storage
electrode 118 (of FIG. 4B).

[0097] Accordingly, the first storage capacitor Cstl includ-
ing the first insulating layer 130 as the dielectric layer is
provided, and the storage capacitor Cst of the OLED display
device has the sufficient storage capacitance and the decrease
of the aperture ratio is prevented or minimized.

[0098] FIG. 9 is a plane view of a portion of an OLED
display device according to a second embodiment of the
present invention. FIG. 10 is a plane view of a third storage
capacitor in FIG. 9, and FIG. 11 is a cross-sectional view
taken along the line XI-XT' in FIG. 9.

[0099] As shown in FIGS. 9 to 11, in the OLED display
device according to the second embodiment of the present
invention, the gate line GL and the data line DL cross each
other to define the pixel region. In addition, the power line
VDD is spaced apart from and is parallel to the data line DL
to cross the gate line GL, and the reference line RL is spaced
apart from and is parallel to the gate line GL to cross the data
line DL and the power line VDD.

[0100] In each pixel region, the switching TFT Ts (of FIG.
2), the driving TFT Td (of FIG. 2), the reference TFT Tr (of
FIG. 2), the storage capacitor Cst (of FIG. 2) and the emitting
diode E (of FIG. 2) are formed.

[0101] The driving TFT Td includes a first oxide semicon-
ductor layer 210, a first gate electrode 242, a first source
electrode 262 and a first drain electrode 264, and the switch-
ing TFT Ts includes a second oxide semiconductor layer 220,
a second gate electrode 244, a second source electrode 266
and a second drain electrode 268.

[0102] A first region (not shown) of the first oxide semi-
conductor layer 210 overlaps the first gate electrode 242 to
serve as a channel of the driving TFT Td, and the first source
electrode 262 and the first drain electrode 264 respectively
contact third and fourth regions (not shown) of the first oxide
semiconductor layer 210 at both sides of the first region (not
shown). In this instance, an oxide semiconductor material in
the third and fourth regions (not shown) of the first oxide
semiconductor layer 210 is deoxidized such that the third and
fourth regions (not shown) have a conductive property.
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[0103] Namely, a first gate insulating layer 230 and the first
gate electrode 242 are stacked on the first region (not shown)
of the first oxide semiconductor layer 210, and a second
insulating layer 250, which includes first and second semi-
conductor contact holes 251 and 252 respectively exposing
the third and fourth regions (not shown) of the first oxide
semiconductor layer 210, is formed to cover the first gate
electrode 242. The first source electrode 262 and the first
drain electrode 264 are formed on the second insulating layer
250 and respectively contact the third and fourth regions (not
shown) of the first oxide semiconductor layer 210 through the
first and second semiconductor contact holes 251 and 252. In
this instance, each of the third and fourth regions (not shown)
of the first oxide semiconductor layer 210 is deoxidized by a
plasma process in a step of forming the first insulating layer
230 and the first gate electrode 242 to be conductive. The first
insulating layer 230 may be a gate insulating layer, and the
second insulating layer 250 may be an interlayer insulating
layer.

[0104] A first region (not shown) of the second oxide semi-
conductor layer 220 overlaps the second gate electrode 244 to
serve as a channel of the switching TFT Ts, and the second
source electrode 266 and the second drain electrode 268
respectively contact second and third regions (not shown) of
the second oxide semiconductor layer 220 at both sides of the
first region (not shown). In this instance, an oxide semicon-
ductor material in the second and third regions (not shown) of
the second oxide semiconductor layer 220 is deoxidized such
that the second and third regions (not shown) have a conduc-
tive property.

[0105] Namely, the first gate insulating layer 230 and the
second gate electrode 244 are stacked on the first region (not
shown) of the second oxide semiconductor layer 220, and the
second insulating layer 250, which further includes third and
fourth semiconductor contact holes 153 and 154 respectively
exposing the second and third regions (not shown) of the
second oxide semiconductor layer 220, is formed to cover the
second gate electrode 244. The second source electrode 266
and the second drain electrode 268 are formed on the second
insulating layer 250 and respectively contact the second and
third regions (not shown) of the second oxide semiconductor
layer 220 through the third and fourth semiconductor contact
holes 253 and 254. In this instance, each of the second and
third regions (not shown) of the second oxide semiconductor
layer 220 is deoxidized by a plasma process in a step of
forming the first insulating layer 230 and the second gate
electrode 244 to be conductive.

[0106] The reference TFT Tr includes a third oxide semi-
conductor layer, a third gate electrode 248, a third source
electrode 272 and a third drain electrode 274. In FI1G. 9, the
third drain electrode 274 of the reference TFT Tr and the first
drain electrode 264 of the driving TFT Td are the same ele-
ment. Alternatively, the third drain electrode 274 of the ref-
erence TFT Tr and the first drain electrode 264 of the driving
TFT Td may be formed to be separated from each other and to
be electrically connected to each other by a connection pat-
tern. In addition, in FIG. 9, the third oxide semiconductor
layer is a portion of the first oxide semiconductor layer 210.
Alternatively, the third semiconductor layer may be formed to
be separated from the first oxide semiconductor layer 210.
[0107] A sixth region (not shown) of the first oxide semi-
conductor layer 210 overlaps the third gate electrode 248 to
serve as a channel of the reference TFT Tr, and the third
source electrode 272 and the third drain electrode 274 respec-
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tively contact the fourth region (not shown) and a seventh
region (not shown) of the first oxide semiconductor layer 210
at both sides of the sixth region (not shown). One end of the
third source electrode 272 contacts the first oxide semicon-
ductor layer 210 through a fifth semiconductor contact hole
256, and the other end of the third source electrode 272
contacts the reference line RL through a reference contact
hole 257. In this instance, an oxide semiconductor material in
the fourth and seventh regions (not shown) of the first oxide
semiconductor layer 210 is deoxidized such that the fourth
and seventh regions (not shown) have a conductive property.
[0108] The switching TFT Ts is electrically connected to
the gate line GL and the data line DL and is positioned at a
crossing portion of the gate line GL and the data line DL.
Namely, the second gate electrode 244 of the switching TFT
Ts is connected to the gate line GL, and the second source
electrode 266 of the switching TFT Ts is connected to the data
line DL.

[0109] The first gate electrode 242 of the driving TFT Td is
electrically connected to the second drain electrode 268 of the
switching TFT Ts. Namely, an extending portion 270, which
extends from the second drain electrode 268 of the switching
TFT Ts, and the first gate electrode 242 of the driving TFT Td
contact through a gate contact hole 255 such that the first gate
electrode 242 of the driving TFT Td is electrically connected
to the second drain electrode 268 of the switching TFT Ts. In
more detail, the extending portion 270 of the second drain
electrode 268 of the switching TFT Ts contacts a first extend-
ing portion 246 of the first gate electrode 242 of the driving
TFT Td. In addition, the first source electrode 262 of the
driving TFT Td is connected to the power line VDD, and the
first drain electrode 264 of the driving TFT Td is connected to
the third drain electrode 274 of the reference TFT Tr.

[0110] InFIG.9,thedriving TFT Td and the reference TFT
Tr share the drain electrode. Alternatively, the first drain
electrode 264 of the driving TFT Td and the third drain
electrode 274 of the reference TFT Tr may be formed to be
separated and may be electrically connected.

[0111] Thethird gate electrode 248 of the reference TFT Tr
is connected to the gate line GL, and the third source electrode
272 of the reference TFT Tr is connected to the reference line
RL.

[0112] The emitting diode E is connected to the first drain
electrode 264 of the driving TFT Td and includes an anode, an
organic emitting layer and a cathode. For example, the anode
is connected to the first drain electrode 264 of the driving TFT
Td. In the OLED display device, the light from the organic
emitting layer passes through the anode and the substrate 201
or passes through the cathode. Namely, the OLED display
device is a bottom-emission type or a top emission-type.
[0113] The emitting diode E may be formed over the sub-
strate 201, on which the driving TFT Td is formed, or may be
formed on a counter substrate (not shown) facing the sub-
strate 201.

[0114] The storage capacitor Cst includes the first storage
capacitor Cstl. A portion of the first oxide semiconductor
layer 210 and a first extending portion 246 of the first gate
electrode 242 overlap to form the first storage capacitor Cst1.
[0115] The first storage capacitor Cst1 includes a first stor-
age electrode (not shown) as an edge portion of the first
extending portion 246 of the first gate electrode 242 and a
second storage electrode (not shown) as an edge portion of the
second region (not shown) of the first semiconductor layer
210. The first oxide semiconductor layer 210 is deoxidized by
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the plasma process in or after a step of forming the first
extending portion 246 the first gate electrode 242. In this
instance, since the first extending portion 246 the first gate
electrode 242 serves as a blocking mask, the edge portion of
the second region 112 of the first oxide semiconductor layer
except a center portion of the second region (not shown) is
deoxidized to be conductive. Namely, since the center portion
of the second region (not shown) is blocked by the first
extending portion 246 of the first gate electrode 242 and the
first insulating layer 230, the center portion of the second
region (not shown) is not deoxidized and maintains the non-
conductive propetty.

[0116] The second storage electrode (not shown) has a
width of about 1.5 micrometers from an end of the edge of the
first extending portion 246 of the first gate electrode 242.

[0117] Accordingly, the first storage electrode (not shown)
as the edge portion of the first extending portion 246 of the
first gate electrode 242, the second storage electrode (not
shown) as the edge portion of the second region (not shown)
of the first oxide semiconductor layer 210, which overlaps the
first storage electrode (not shown), and the first insulating
layer 230 therebetween constitute the first storage capacitor
Cstl.

[0118] In addition, the storage capacitor Cst further
includes a second storage capacitor Cst2. The second storage
capacitor Cst2 includes a third storage electrode as a fifth
region (not shown), which is conductive, of the first oxide
semiconductor layer 210, a fourth storage electrode as the
extending portion 270 of the second drain electrode 268 and
the second insulating layer 250 as a dielectric layer between
the third and fourth storage electrodes.

[0119] Moreover, the storage capacitor Cst further includes
a third storage capacitor Cst3. The third storage capacitor
Cst3 includes a portion of the first semiconductor layer 210
and a second extending portion 247 of the first gate electrode
242.

[0120] Namely, the third storage capacitor Cst3 includes a
fifth storage electrode 282 as an edge portion of the second
extending portion 247 of the first gate electrode 242 and a
sixth storage electrode 284 as an edge portion of the first
oxide semiconductor layer 210 overlapping the second
extending portion 247 of the first gate electrode 242, i.e., the
fifth storage electrode 282. The first oxide semiconductor
layer 210 is deoxidized by the plasma process in or after a step
of forming the second extending portion 247 the first gate
electrode 242. In this instance, since the second extending
portion 247 the first gate electrode 242 serves as a blocking
mask, the edge portion of the first oxide semiconductor layer
210 except a center portion of the first oxide semiconductor
layer 210 is deoxidized to be conductive. Namely, since the
center portion of the first oxide semiconductor layer 210 is
blocked by the second extending portion 247 of the first gate
electrode 242 and the first insulating layer 230, the center
portion of the first oxide semiconductor layer 210 is not
deoxidized and maintains the non-conductive property.

[0121] Thesixth storage electrode 284 has a width of about
1.5 micrometers from an end of the edge of the second extend-
ing portion 247 of the first gate electrode 242.

[0122] Accordingly, the fifth storage electrode 282 as the
edge portion of the second extending portion 247 of the first
gate electrode 242, the sixth storage electrode 284 as the edge
portion of the first oxide semiconductor layer 210, which



US 2015/0144923 Al

overlaps the fifth storage electrode 282, and the first insulat-
ing layer 230 therebetween constitute the third storage
capacitor Cst3.

[0123] Inthe OLED display device according to the second
embodiment of the present invention, since the first to third
storage capacitors Cstl, Cst2 and Cst3 use a portion of the
first oxide semiconductor layer 210 as the second, third and
sixth storage electrodes, respectively, the storage capacitance
is increased or maximized without decreasing the aperture
ratio.

[0124] In this instance, since each of the first and third
storage capacitors Cstl and Cst3 is formed along the edge
portion of the first and second extending portions 246 and 247
of the first gate electrode 242, an area of the first and third
storage capacitors Cstl and Cst3 is relatively small. However,
since the firstinsulating layer 130 as the dielectric layer of the
firstand third storage capacitors Cstl and Cst3 has a relatively
small thickness, the first and third storage capacitors Cst1 and
Cst3 have sufficient storage capacitance.

[0125] Each of the first and third storage capacitors Cstl
and Cst3 includes the first insulating layer 230 as the dielec-
tric layer. The first insulating layer 230 is formed of an inor-
ganic insulating material and has a relatively small thickness.
Accordingly, though the area of the first and third storage
capacitors Cstl and Cst3 is relatively small, the first and third
storage capacitors Cstl and Cst3 have sufficient storage
capacitance.

[0126] Asmentioned above, inthe OLED display device of
the present invention, the oxide semiconductor layer is deoxi-
dized using the storage electrode as a blocking mask to be
conductive, and the deoxidized portion of the oxide semicon-
ductor layer uses as a storage electrode. Namely, additional
storage electrode is not required. Accordingly, the storage
capacitance is increase without decreasing the aperture ratio.
[0127] In addition, since the first and third storage capaci-
tors includes the first insulating layer, which has a relatively
small thickness, as a dielectric layer, the storage capacitors
have sufficient storage capacitance with a relatively small
electrode area. Accordingly, the decrease of the aperture ratio
of the OLED display device is minimized or prevented.
[0128] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An organic emitting diode display device, comprising:

a first oxide semiconductor layer including first to fourth
regions;

a first insulating layer on the first oxide semiconductor
layer;

a first gate electrode on the first insulating layer and com-
pletely overlapping the first region;

a first storage electrode extending from the first gate elec-
trode and overlapping the second region;

a second insulating layer covering the first gate electrode
and the first storage electrode and exposing the third and
fourth regions;

first source and drain electrodes on the second insulating
layer and contacting the third and fourth regions; and

an emitting diode connected to the first drain electrode,

May 28, 2015

wherein a portion of the second region at an edge of the first
storage electrode except a center of the first storage
electrode is conductive to form a second storage elec-
trode, and the first and second storage electrodes and the
first insulating layer constitute a first storage capacitor.

2. The device according to claim 1, wherein the second
region has a first length with respect to a first direction, which
crosses a second direction connecting the first source elec-
trode and the first drain electrode along the first oxide semi-
conductor layer, and the overlapping region between the first
storage electrode and the second region has a second length
with respect to the first direction, and wherein the second
length is smaller than the first length.

3. The device according to claim 1, wherein the first insu-
lating layer has a first thickness, and the second insulating
layer has a second thickness being greater than the first thick-
ness.

4. The device according to claim 1, further comprising:

a second oxide semiconductor layer under the first insulat-

ing layer;

a second gate electrode on the first insulating layer and

overlapping the second oxide semiconductor layer;
second source and drain electrodes on the second insulat-

ing layer and respectively contacting first and second

sides of the second oxide semiconductor layer; and

an extending portion extending from the second drain elec-

trode to connect the second drain electrode with the first
gate electrode,

wherein the extending portion overlaps a fifth region of the

first oxide semiconductor layer, and the fifth region is
conductive, and wherein the extending portion, the fifth
region and the second insulating layer constitute a sec-
ond storage capacitor.

5. The device according to claim 4, further comprising:

a gate line extending along a third direction;

a data line extending along a fourth direction to cross the

gate line; and

a power line extending to be parallel to one of the gate and

data lines,

wherein the second gate electrode is connected to the gate

line, and the second source electrode is connected to the
data line, and wherein the first source electrode is con-
nected to the power line.

6. The device according to claim 5, wherein the first oxide
semiconductor layer, the first gate electrode, the first source
electrode and the first drain electrode constitute a driving thin
film transistor, and the second oxide semiconductor layer, the
second gate electrode, the second source electrode and the
second drain electrode constitute a switching thin film tran-
sistor, and

the device further comprising:

a reference line extending to be parallel to the other one of

the gate and data lines; and

a reference thin film transistor connected to the gate line,

the first drain electrode and the reference line to control
a threshold voltage of the driving thin film transistor.

7. The device according to claim 4, further comprising a
third storage electrode extending from the first gate electrode
and overlapping a sixth region of the first oxide semiconduc-
tor layer,

wherein a portion of the sixth region at an edge of the third

storage electrode except a center of the third storage
electrode is conductive to form a fourth storage elec-
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trode, and the third and fourth storage electrodes and the
first insulating layer constitute a third storage capacitor.
8. A method of fabricating an organic light emitting diode
display device, comprising:
forming an oxide semiconductor layer on a substrate;
forming a first insulating pattern and a gate electrode on a
first region of the oxide semiconductor layer and a sec-
ond insulating pattern and a first storage electrode on a
second region of the oxide semiconductor layer;
deoxidizing aportion of the second region inside an edge of
the first storage electrode by performing a plasma pro-
cess;
forming an insulating layer exposing third and fourth
regions of the oxide semiconductor layer at both sides of
the first region and covering the gate electrode and the
first storage electrode;
forming source and drain electrodes on the insulating layer
and contacting the third and fourth regions; and
forming an emitting diode connected to the drain electrode.
9. The method according to claim 8, wherein a portion of
the second region at an edge of the first storage electrode
except a center of the first storage electrode is deoxidized in
the step of deoxidizing the portion of the second region inside
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the edge of the first storage electrode by performing the
plasma process such that the deoxidized portion form a sec-
ond storage electrode, and

wherein the first and second storage electrodes and the first

insulating layer constitute a first storage capacitor.

10. The device according to claim 8, wherein the step of
forming the first insulating pattern and the gate electrode on
the first region of the oxide semiconductor layer and the
second insulating pattern and the first storage electrode on the
second region of the oxide semiconductor layer includes:

sequentially forming an insulating film and a metal film on

the oxide semiconductor layer;

forming first and second photoresist patterns on the metal

layer and corresponding to the first and second regions;
and

etching the metal film and the insulating film using the first

and second photoresist patterns to form the first and
second insulating patterns, the gate electrode and the
first storage electrode,

wherein the plasma process uses at least one of the second

photoresist pattern and the first storage electrode as a
blocking mask and uses SF6 gas or CF4 gas.
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