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(7) ABSTRACT

An organic light emitting display device includes a sub-
strate, a first semiconductor element, a second semiconduc-
tor element, a protection electrode, and a light emitting
structure. The protection electrode is disposed between the
second active layer and the second source electrode and the
second drain electrode, and has an opening that exposes a
portion of the second active layer and the light emitting
structure is disposed on the first and second semiconductor
elements.

20

10



US 2020/0119117 A1

Apr. 16,2020 Sheet 1 of 12

Patent Application Publication

01 . 0c »
_ |
0Ge 0EC 2E¢ 041 08LOEL Ol2 2ic 61 Ged  S4L SEE Slg Ghd

A Y G A (Y S S

T IO VO W W W VO A O VO O T
> - w .m ; .M M 1 | — ..w.s..esLm ”H%%W
M. M SNSN ‘ o +—00E
TN "z / pon m— RN 1014
....... MM — L—o0s2

\\% \ \, \ /ﬂ/ +—0LE

y
ﬂ 207 ove 08E 062
00z

L "9



Patent Application Publication

2

Apr. 16,2020 Sheet 2 of 12

150—F

110

Y

17

o,

130

<f>
W”‘E"

US 2020/0119117 A1

10

20




Patent Application Publication  Apr. 16,2020 Sheet 3 of 12 US 2020/0119117 A1

. -
/f}
'
<§ 7
AT R =
\:amé:_ﬂ,—-—"""m"\%
8
N K -
o
o )
<5 3
Li
7
o
\h«m___,_.a—”m.g %
N
™,
% —+

300~
190~t
150—"F
110~t



Patent Application Publication  Apr. 16,2020 Sheet 4 of 12 US 2020/0119117 A1

10

)

e

L

) )
130 180 170

/_./

\
)

1135 175
20

\
|
/

<
e

300~
190—
150~
110~%



Patent Application Publication  Apr. 16,2020 Sheet 5 of 12 US 2020/0119117 A1

/ﬂ’
TR B Ry
ol «
<
%
(-
/,__w__,__—ﬂ" \ﬁ b
¥ -
o
W e
e e bS]
N, f A
5, = ,rf“’*‘\%
N -

FESE : .,-/M\EE
i - N
g
0 %; L
S s
Ll
7P
S
-
LD
'_’_,_.«—"""m“'*\m
-
"*&g i
2N
; A4 A A
!
OO O
DOUY
O3 v 5



Patent Application Publication  Apr. 16,2020 Sheet 6 of 12 US 2020/0119117 A1

oo
B ——
P
_.-...,\%
e N
O
B o] <3
2 ©
[ESS—— T
e D
v}
el b
e S
B b Enea [ap
N 4 -
—— AN ]|
4 E\;_
JURS— o
o - 1. N
™
2
D — . 1 S iy
-~
Li. - A
RIS .
5
[RAS .
7
- >
----- e
[
\k\.._..—/ ﬁ g
...... . ko
L]
oSt . *'.EE
§ R
..... e /

110wF.
|

300~
190~
180~



01 . 02
w

US 2020/0119117 A1

oo 01 08L 0Bt oLé oLt GlL mmﬂ. 0Ll
[ [
+ VL =
i ¥ ¥ ,q\\rﬁmm\
] 061

3
\xhﬁj

+—008

\\\\\\\\\\\\\\

L "9l

Patent Application Publication  Apr. 16,2020 Sheet 7 of 12



US 2020/0119117 A1

Apr. 16,2020 Sheet 8 of 12

Patent Application Publication

01

Gc

062 0gT ¢&¢ 041 08L 0F

A

L 012 212

[

1

O
"Mﬂm\ﬁ)
o

f / \ / 304t
;;;;;;;;;; ———— 1-—0G1
I

A

[ U |

w.

TRES

‘Ol




US 2020/0119117 A1

Apr. 16,2020 Sheet 9 of 12

Patent Application Publication

Ol

Ge

0G2 022 cE¢ OLL 081 0Bt

!

0ld cic

GLL SEL Sle 9592

A

m\mw
/

M,\,}@ L
1—0G 1

1061

L cm s s mn

+—~00¢
+00v

Old




US 2020/0119117 A1

Apr. 16,2020 Sheet 10 of 12

Patent Application Publication

ot | 0z |
| |
o“mm 0gg ¢te 0L 081 0Et  Glg 212 G681 g€é  GiL GEL Slg 8%2
| S A (U Y S (O ([ ( [ { o
T B ISV W W W U W R T
N mw N SN <y /) _ ‘
il ] % T
]
\\Z . x... |
3 _W// J Y Loz
L EEEL L EEEEEEEEEEEE RS SSNSSS S |
\ +—0L€

\
a0y 062

0L "9l



US 2020/0119117 A1

Apr. 16,2020 Sheet 11 of 12

Patent Application Publication

01 | 02

062 0EC 282 041 08L OEL clc

(.
R

048

L —

ﬁ\ 207 v 0B 062
002

LL "9l



US 2020/0119117 A1

Apr. 16,2020 Sheet 12 of 12

Patent Application Publication

Ot

0&

0S2 082 ¢ge 041 081 OBl Qlcg ¢ic

L[

(L

869 SE2

([ |

S/1 SEQ GiZ2 958

(
y _ 30l
S 0 L N O O
A 1 7 M 1 -
h B SR <y 7 1061
) 400§
—— Ay 1—00%
RS m
_
;;;;;; _ X A 042
x/,/
N\ T WV I, ES
r—— | J0Lg
/ BE \
\ oo
20% OvE 08€ 062
002
009
ol "Hi4



US 2020/0119117 Al

ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING ORGANIC LIGHT
EMITTING DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority under 35 USC §
119 to Korean Patent Applications No. 10-2018-0120701,
filed on Oct. 10, 2018 in the Korean Intellectual Property
Office (KIPO), the contents of which are incorporated herein
in its entirety by reference.

BACKGROUND

1. Field

[0002] Example embodiments relate generally to an
organic light emitting display device and a method of
manufacturing an organic light emitting display device.
More particularly, embodiments of the present inventive
concept relate to an organic light emitting display device
including a silicon-based semiconductor element and a
metal oxide-based semiconductor element and a method of
manufacturing an organic light emitting display device
including a silicon-based semiconductor element and a
metal oxide-based semiconductor element.

2. Description of the Related Art

[0003] A flat panel display (“FPD”) device is widely used
as a display device of an electronic device because the FPD
device is lightweight and thin compared to a cathode-ray
tube (“CRT”) display device. Typical examples of the FPD
device are a liquid crystal display (“LCD”) device and an
organic light emitting display (“OLED”) device.

[0004] Recently, the OLED device that simultaneously (or
concurrently) includes a silicon-based semiconductor ele-
ment and a metal oxide-based semiconductor element may
have been developed. In a process for forming the silicon-
based semiconductor element and the metal oxide-based
semiconductor element, a heat treatment process may be
performed after a contact hole of the silicon-based semicon-
ductor element is formed. When the heat treatment process
is performed, a portion of a silicon semiconductor layer
included in the silicon-based semiconductor element may be
exposed to an outside through the contact hole. The exposed
surface of the silicon semiconductor layer may react with
oxygen ions existing in a chamber, such that oxides may be
formed on the exposed surface. To remove the oxides, a
buffered oxide etchant (“BOE”) process may be performed.
When the BOE process is performed, a metal oxide semi-
conductor layer included in the metal oxide semiconductor
element may be damaged by the etchant used in the BOE
process. As result, a defect of the metal oxide-based semi-
conductor element may occur.

SUMMARY

[0005] Some example embodiments provide an organic
light emitting display (OLED) device including a silicon-
based semiconductor element and a metal oxide-based semi-
conductor element.
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[0006] Some example embodiments provide a method of
manufacturing an OLED device including a silicon-based
semiconductor element and a metal oxide-based semicon-
ductor element.

[0007] According to some example embodiments, an
OLED device includes a substrate, a first semiconductor
element, a second semiconductor element, a protection
electrode, and a light emitting structure. The substrate has a
first region and a second region that is adjacent to the first
region. The first semiconductor element includes a first
active layer disposed in the first region on the substrate, a
first gate electrode disposed on the first active layer, and a
first source electrode and a first drain electrode disposed on
the first gate electrode. The second semiconductor element
includes a second gate electrode disposed in the second
region on the substrate, a second active layer disposed on the
second gate electrode, and a second source electrode and a
second drain electrode disposed on the second active layer.
The protection electrode is disposed between the second
active layer and the second source electrode and the second
drain electrode, and has an opening that exposes a portion of
the second active layer, and the light emitting structure is
disposed on the first semiconductor element and the second
semiconductor element.

[0008] In example embodiments, the second active layer
may be located to overlap the first source electrode, the first
drain electrode, the second source electrode and the second
drain electrode.

[0009] In example embodiments, the second active layer
may be disposed under the protection electrode to overlap a
portion of the protection electrode.

[0010] In example embodiments, the protection electrode
may be in contact with a lower surface of the first source
electrode and a lower surface of the second drain electrode,
and is disposed in a space disposed between the first source
electrode and the second drain electrode. The protection
electrode may electrically connect the first source electrode
and the second drain electrode.

[0011] In example embodiments, the second active layer
might not be disposed in a space disposed between the first
source electrode and the first drain electrode, and may be
disposed in a space disposed between the first source elec-
trode and the second drain electrode and in a space disposed
between the second source electrode and the second drain
electrode.

[0012] In example embodiments, the protection electrode
might not be disposed in both a space disposed between the
first source electrode and the first drain electrode and a space
disposed between the second source electrode and the sec-
ond drain electrode, and a space disposed between the
second source electrode and the second drain electrode
corresponds to the opening of the protection electrode.
[0013] In example embodiments, the first semiconductor
element may have a top gate structure, and may include a
silicon-based semiconductor. The second semiconductor
element may have a bottom gate structure and may include
a metal oxide-based semiconductor.

[0014] In example embodiments, the first active layer of
the first semiconductor element may include amorphous
silicon or poly silicon.

[0015] In example embodiments, the OLED device may
further include a gate electrode pattern disposed on the first
gate electrode, and the gate electrode pattern and the second
gate electrode may be located on a same layer.
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[0016] In example embodiments, the OLED device may
further include a gate insulation layer covering the first
active layer in the first region on the substrate, a first
insulating interlayer covering the first gate electrode in the
first region on the gate insulation layer, a second insulating
interlayer covering the second gate electrode in the second
region on the first insulating interlayer, and a protecting
insulation layer covering the first source electrode, the first
drain electrode, the second source electrode and the second
drain electrode on the second insulating interlayer. The
protecting insulating layer may have an opening that
exposes a portion of the first drain electrode.

[0017] In example embodiments, the protective insulation
layer may be in contact with an upper surface of the second
active layer and side walls of the protection electrode in a
space disposed between the second source electrode and the
second drain electrode.

[0018] In example embodiments, the protective insulation
layer may be in contact with an upper surface of the second
insulating interlayer, side walls of the second active layer,
and side walls of the protection electrode in a space disposed
between the first source electrode and the first drain elec-
trode.

[0019] In example embodiments, the second insulating
interlayer may be in contact with a lower surface of the
second active layer, and the second insulating interlayer and
the protective insulation layer may include silicon oxide.
[0020] In example embodiments, the light emitting struc-
ture may include a lower electrode disposed on the first
semiconductor element and the second semiconductor ele-
ment, a light emitting layer disposed on the lower electrode,
and an upper electrode disposed on the light emitting layer.
[0021] In example embodiments, the OLED device may
further include a planarization layer disposed between the
protective insulation layer and the lower electrode. The
planarization layer may include organic materials, and the
planarization layer may have a contact hole exposing an
upper surface of the first drain electrode exposed by the
opening of the protective insulation layer. The lower elec-
trode may be connected to the first drain electrode through
the contact hole of the planarization layer.

[0022] According to some example embodiments, a
method of manufacturing an OLED device is provided as
follows. A substrate having a first region and a second region
that is adjacent to the first region is provided. A first active
layer having a source region and a drain region, a first gate
electrode and a gate insulation layer disposed between the
first active layer and the first gate electrode are formed in the
first region on the substrate. A gate electrode pattern in the
first region on the substrate and a second gate electrode is
formed in the second region on the substrate. An insulating
interlayer is formed on the second gate electrode and the
gate electrode pattern. A preliminary second active layer is
formed on the insulating interlayer. A preliminary protection
electrode layer is formed on the preliminary second active
layer. A first contact hole and a second contact hole exposing
each of the source region and the drain region of the first
active layer are formed by removing a first portion and a
second portion of the preliminary protection electrode layer,
the preliminary second active layer, and the insulating
interlayer. A preliminary electrode layer is formed on the
preliminary protection electrode layer. A first source elec-
trode and a first drain electrode in the first region and a
second active layer, a protection electrode and a second
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source electrode and a second drain electrode in the second
region are formed on the insulating interlayer by selectively
etching the preliminary electrode layer, the preliminary
protection electrode layer, and the preliminary second active
layer.

[0023] In example embodiments, when the preliminary
second active layer, the preliminary protection electrode
layer and the preliminary electrode layer are selectively
etched, a portion of the preliminary protection electrode
layer may be removed in the second region, and an upper
surface of the preliminary second active layer may be
exposed.

[0024] In example embodiments, the method may further
include performing a heat treatment process on the prelimi-
nary second active layer, the first contact hole and the second
contact hole, and the first active layer after forming the first
contact hole and the second contact hole and performing a
buffered oxide etchant (“BOE”) process that removes an
oxide layer of the first contact hole and the second contact
hole after the heat treatment process.

[0025] Inexample embodiments, when the BOE process is
performed, the preliminary second active layer may be
protected by the preliminary protection electrode layer.

[0026] In example embodiments, the method may further
include forming a protective insulation layer covering the
first source electrode, the first drain electrode, the second
source electrode, and the second drain electrode on the
insulating interlayer, and the protective insulation layer may
be in direct contact with an upper surface of the second
active layer and side walls of the protection electrode in the
second region.

[0027] The OLED device in accordance with example
embodiments includes the protection electrode, the OLED
device may protect the second active layer from the etchant
used in the BOE process. Accordingly, the OLED device
may prevent a defect of the second semiconductor element.

[0028] In addition, as the second insulating interlayer and
the protective insulation layer that include SiOx are in direct
contact with the second active layer, interface characteristics
of the second active layer may be relatively increased.
Accordingly, the OLED device according to example
embodiments may include the second semiconductor ele-
ment where reliability is increased.

[0029] In a method of manufacturing the OLED device in
accordance with example embodiments, when the heat treat-
ment process is performed on the first active layer and the
preliminary second active layer, a driving-range of the first
semiconductor element that corresponds to a driving tran-
sistor may be relatively widened, and the second semicon-
ductor element that is relatively precise may be obtained
because a scattering of a threshold voltage of the second
semiconductor element that corresponds to a switching
transistor is reduced. In addition, as the heat treatment
process is simultaneously performed on the first active layer
and the preliminary second active layer, a manufacturing
cost of the OLED device may be relatively decreased.

[0030] In addition, since the preliminary protection elec-
trode layer completely cover the preliminary second active
layer, the preliminary protection electrode layer may protect
the preliminary second active layer from the etchant used in
the BOE process. Accordingly, after the preliminary second
active layer is formed, the BOE process may be performed
without a damage of the preliminary second active layer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Example embodiments can be understood in more
detail from the following description taken in conjunction
with the accompanying drawings, in which:

[0032] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display (OLED) device in accordance
with example embodiments;

[0033] FIGS.2,3,4,5,6,7,8,9 and 10 are cross-sectional
views illustrating a method of manufacturing an OLED
device in accordance with example embodiments;

[0034] FIG. 11 is a cross-sectional view illustrating an
OLED device in accordance with example embodiments;
and

[0035] FIG. 12 is a cross-sectional view illustrating an
OLED device in accordance with example embodiments.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0036] Hereinafter, embodiments of the present inventive
concept will be explained in detail with reference to the
accompanying drawings.

[0037] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display (OLED) device in accordance
with example embodiments.

[0038] Referring to FIG. 1, an OLED device 100 may
include a substrate 110, a first semiconductor element 250,
a second semiconductor element 255, a gate electrode pat-
tern 180, a gate insulation layer 150, a first insulating
interlayer 190, a second insulating interlayer 300, a protec-
tion electrode 195, a protective insulation layer 400, a
planarization layer 270, a light emitting structure 200, a
pixel defining layer 310, etc. Here, the first semiconductor
element 250 may include a first active layer 130, a first gate
electrode 170, a first source electrode 210, and a first drain
electrode 230, and the second semiconductor element 255
may include a second active layer 135, a second gate
electrode 175, a second source electrode 215, and a second
drain electrode 235. In addition, the light emitting structure
200 may include a lower electrode 290, a light emitting layer
330, and an upper electrode 340.

[0039] As the OLED device 100 includes the protection
electrode 195, the OLED device 100 may prevent the second
active layer 135 from damaging by an etchant used in a
buffered oxide etchant (“BOE”) process.

[0040] The substrate 110 including transparent or opaque
materials may be provided. For example, the substrate 110
may include a quartz substrate, a synthetic quartz substrate,
a calcium fluoride substrate, a fluoride-doped quartz sub-
strate, a sodalime glass substrate, a non-alkali glass substrate
etc. Alternatively, the substrate 110 may include a flexible
transparent material such as a flexible transparent resin
substrate, e.g., a polyimide substrate. In this case, the
polyimide substrate may include a first polyimide layer, a
barrier film layer, a second polyimide layer, etc. For
example, the polyimide substrate may have a configuration
where the first polyimide layer, the barrier film layer, and the
second polyimide layer are stack on a rigid glass substrate.
Since the polyimide substrate is relatively thin and flexible,
the polyimide substrate may be formed on a rigid glass
substrate to help support the formation of an upper structure,
e.g., the first semiconductor element 250, the second semi-
conductor element 255, the light emitting structure 200, etc.
In a manufacturing the OLED device 100, after an insulation
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layer, e.g., a buffer layer, is provided on the second poly-
imide layer of the polyimide substrate, the upper structure
may be formed on the insulation layer. After the upper
structure is formed on the buffer layer, the rigid glass
substrate on which the polyimide substrate is formed may be
removed. It may be difficult to directly form the upper
structure on the polyimide substrate because the polyimide
substrate is relatively thin and flexible. Accordingly, the
upper structure is formed on the polyimide substrate and the
rigid glass substrate, and then the polyimide substrate may
serve as the substrate 110 after the removal of the rigid glass
substrate.

[0041] In example embodiments, the substrate 110 may
have a first region 10 and a second region 20, and the first
region 10 may be located adjacent to the second region 20.
For example, the first region 10 may be a region where a
driving transistor is disposed, and the second region 20 may
be a region where a switching transistor is disposed.
[0042] A buffer layer (not shown) may be disposed on the
substrate 110. The buffer layer may be disposed on the entire
substrate 110. The buffer layer may prevent the diffusion of
metal atoms and/or impurities from the substrate 110 into the
first semiconductor element 250, the second semiconductor
element 255, and the light emitting structure 200. In addi-
tion, the buffer layer may control a rate of a heat transfer in
a crystallization process for forming an active layer, thereby
obtaining a substantially uniform active layer. Further, the
buffer layer may improve a surface flatness of the substrate
110 when a surface of the substrate 110 is relatively irregu-
lar. According to a type of the substrate 110, at least two
buffer layers may be provided on the substrate 110, or the
buffer layer might not be disposed. For example, the buffer
layer may include organic materials or inorganic materials.
[0043] The first active layer 130 may be disposed in the
first region 10 on the substrate 110. For example, the first
active layer 130 may include a metal oxide semiconductor,
amorphous silicon, polysilicon, an organic semiconductor,
etc. In example embodiments, the first active layer 130 may
include a silicon-based semiconductor, and may include
amorphous silicon or polysilicon. In addition, the first active
layer 130 may include a source region, a drain region, and
a channel region that is located between the source region
and the drain region. For example, a contact hole 212 may
expose the source region, and a contact hole 232 may expose
the drain region.

[0044] The gate insulation layer 150 may be disposed in
the first region 10 and the second region 20 on the substrate
110 and the first active layer 130. The gate insulation layer
150 may cover the first active layer 130 in the first region 10
on the substrate 110, and may be disposed on the entire
substrate 110. For example, the gate insulation layer 150
may cover the first active layer 130 on the substrate 110, and
may be disposed as a substantially uniform thickness along
a profile of the first active layer 130. Alternatively, the gate
insulation layer 150 may sufficiently cover the first active
layer 130 on the substrate 110, and may have a substantially
flat upper surface without a step around the first active layer
130. The gate insulation layer 150 may include silicon
compound, metal oxide, etc. For example, the gate insula-
tion layer 150 may include silicon oxide (SiOx), silicon
nitride (SiNx), silicon oxynitride (SiOxNy), silicon oxycar-
bide (Si0xCy), silicon carbon nitride (SiCxNy), aluminum
oxide (AlOx), aluminum nitride (AINX), tantalum oxide
(TaOx), hafnium oxide (HfOx), zirconium oxide (ZrOx),



US 2020/0119117 Al

titanium oxide (TiOx), etc. Alternatively, the gate insulation
layer 150 may have a multi-layered structure including a
plurality of insulation layers. For example, the insulation
layers may have different thicknesses to each other or
include different materials to each other.

[0045] The first gate electrode 170 may be disposed in the
first region 10 on the gate insulation layer 150. The first gate
electrode 170 may be disposed on a portion of the gate
insulation layer 150 under which the first active layer 130 is
located. In other words, the first gate electrode 170 may be
located to overlap the channel region of the first active layer
130. The first gate electrode 170 may include a metal, a
metal alloy, metal nitride, conductive metal oxide, transpar-
ent conductive materials, etc. These may be used alone or in
a suitable combination thereof. Alternatively, the first gate
electrode 170 may have a multi-layered structure including
a plurality of layers.

[0046] The first insulating interlayer 190 may be disposed
in the first and second regions 10 and 20 on the gate
insulation layer 150 and the first gate electrode 170. The first
insulating interlayer 190 may cover the first gate electrode
170 in the first region 10 on the gate insulation layer 150,
and may be disposed on the entire gate insulation layer 150.
For example, the first insulating interlayer 190 may cover
the first gate electrode 170 on the gate insulation layer 150,
and may be disposed as a substantially uniform thickness
along a profile of the first gate electrode 170. Alternatively,
the first insulating interlayer 190 may sufficiently cover the
first gate electrode 170 on the gate insulation layer 150, and
may have a substantially flat upper surface without a step
around the first gate electrode 170. The first insulating
interlayer 190 may include silicon compound, metal oxide,
etc. Alternatively, the first insulating interlayer 190 may
have a multi-layered structure including a plurality of insu-
lation layers. For example, the insulation layers may have
different thicknesses to each other or include different mate-
rials to each other.

[0047] The gate electrode pattern 180 may be disposed in
the first region 10 on the first insulating interlayer 190. The
gate electrode pattern 180 may be disposed on a portion of
the first insulating interlayer 190 under which the first gate
electrode 170 is located. The gate electrode pattern 180 may
serve as a wiring. For example, the gate electrode pattern
180 may be data signal wirings providing a data signal, gate
signal wirings providing a gate signal, initialization signal
wirings providing an initialization signal, light emission
signal wirings providing a light emission signal, power
supply wirings providing a power supply voltage, etc. The
gate electrode pattern 180 may include a metal, an alloy of
a metal, metal nitride, conductive metal oxide, transparent
conductive materials, etc. These may be used alone or in a
suitable combination thereof. Alternatively, the gate elec-
trode pattern 180 may have a multi-layered structure includ-
ing a plurality of layers. In some example embodiments, the
gate electrode pattern 180 may serve as an electrode. In this
case, a wiring may be further disposed on the gate electrode
pattern 180, and the wiring may be connected to the gate
electrode pattern 180 via a contact hole.

[0048] The second gate electrode 175 may be disposed in
the second region 20 on the first insulating interlayer 190. In
example embodiments, the second gate electrode 175 and
the gate electrode pattern 180 may be located on a same
layer, and may be simultaneously (or concurrently) formed
using same materials. The second gate electrode 175 may
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include a metal, an alloy of a metal, metal nitride, conduc-
tive metal oxide, transparent conductive materials, etc.
These may be used alone or in a suitable combination
thereof. Alternatively, the second gate electrode 175 may
have a multi-layered structure including a plurality of layers.

[0049] The second insulating interlayer 300 may be dis-
posed on the first insulating interlayer 190, the second gate
electrode 175, and the gate electrode pattern 180. The
second insulating interlayer 300 may cover the gate elec-
trode pattern 180 in the first region 10 on the first insulating
interlayer 190 and cover the second gate electrode 175 in the
second region 20 on the first insulating interlayer 190, and
may be disposed on the entire first insulating interlayer 190.
For example, the second insulating interlayer 300 may cover
the gate electrode pattern 180 and the second gate electrode
175 on the first insulating interlayer 190, and may be
disposed as a substantially uniform thickness along a profile
of the gate electrode pattern 180 and the second gate
electrode 175. Alternatively, the second insulating interlayer
300 may sufficiently cover the gate electrode pattern 180 and
the second gate electrode 175 on the first insulating inter-
layer 190, and may have a substantially flat upper surface
without a step around the gate electrode pattern 180 and the
second gate electrode 175. The second insulating interlayer
300 may include silicon compound, metal oxide, etc. Alter-
natively, the second insulating interlayer 300 may have a
multi-layered structure including a plurality of insulation
layers. For example, the insulation layers may have different
thicknesses to each other or include different materials to
each other.

[0050] In example embodiments, the second insulating
interlayer 300 may be in direct contact with the second
active layer 135 so as to secure characteristics or reliability
of the second semiconductor element 255. In other words, an
upper surface of the second insulating interlayer 300 may be
in direct contact with a lower surface of the second active
layer 135. For example, when the second active layer 135
including a metal oxide semiconductor is in direct contact
with the second insulating interlayer 300 including SiOx,
interface characteristics of the second active layer 135 may
be relatively improved.

[0051] The second active layer 135 may be disposed in the
second region 20 on the second insulating interlayer 300.
The second active layer 135 may be disposed on a portion
of the second insulating interlayer 300 under which the
second gate electrode 175 is located. In addition, the second
active layer 135 may extend in a first direction D1 that is a
direction from the second region 20 into the first region 10
on the second insulating interlayer 300. In example embodi-
ments, the second active layer 135 may be located to overlap
the protection electrode 195, the first source electrode 210,
the first drain electrode 230, the second source electrode
215, and the second drain electrode 235, and may not be
located on the contact hole 212 and the contact hole 232. In
addition, the second active layer 135 may be disposed in a
space between the second source electrode 215 and the
second drain electrode 235, and might not be disposed in a
space between the first source electrode 210 and the first
drain electrode 230. Further, the second active layer 135
may be disposed in a space between the second drain
electrode 235 and the first source electrode 210. The second
active layer 135 may include a metal oxide semiconductor.
In other words, the second active layer 135 may include a
metal oxide semiconductor layer including at least one of
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two-component compound (ABx), ternary compound
(ABxCy), four-component compound (ABxCyDz), etc.
These compounds contain indium (In), zinc (Zn), gallium
(Ga), tin (Sn), titanium (Ti), aluminum (Al), hatnium (Hf),
zirconium (Zr), magnesium (Mg), etc. For example, the
second active layer 135 may include at least one of zinc
oxide (ZnOx), gallium oxide (GaOx), titanium oxide (TiOx),
tin oxide (SnOx), indium oxide (InOx), indium-gallium
oxide (IGO), indium-zinc oxide (IZ0O), indium tin oxide
(ITO), gallium zinc oxide (GZO), zinc magnesium oxide
(ZMO), zinc tin oxide (ZTO), zinc zirconium oxide (ZnZ-
rxQy), indium-gallium-zinc oxide (IGZO), indium-zinc-tin
oxide (IZTO), indium-gallium-hafhium oxide (IGHO), tin-
aluminum-zinc oxide (TAZO), indium-gallium-tin oxide
(IGTO), etc.

[0052] The protection electrode 195 may be disposed on
the second active layer 135 except regions overlapping with
channel regions of the first semiconductor element 250 and
the second semiconductor element 255. The protection elec-
trode 195 may be disposed in the second region 20 on the
second active layer 135. The protection electrode 195 may
be disposed between the second active layer 135 and the
second source and second drain electrodes 215 and 235. In
addition, the protection electrode 195 may have a first
opening exposing an upper surface of the second active layer
135 in the second region 20 and a second opening exposing
an upper surface of the second insulating interlayer 300 in
the first region 10. Further, the protection electrode 195 may
extend in the first direction D1 on the second active layer
135. In example embodiments, the protection electrode 195
may be located to overlap the second active layer 135, the
first source electrode 210, the first drain electrode 230, the
second source electrode 215, and the second drain electrode
235, and may not be located on the contact hole 212 and the
contact hole 232. In addition, the protection electrode 195
might not be disposed in a space between the second source
electrode 215 and the second drain electrode 235, and might
not be disposed in a space between the first source electrode
210 and the first drain electrode 230. Here, the space
between the second source electrode 215 and the second
drain electrode 235 may correspond to the first opening, and
the space between the first source electrode 210 and the first
drain electrode 230 may be correspond to the second open-
ing. Further, the protection electrode 195 may be disposed in
a space between the second drain electrode 235 and the first
source electrode 210. For example, the protection electrode
195 may be in contact with a lower surface of the first source
electrode 210 and a lower surface of the second drain
electrode 235, and may electrically connect the first source
electrode 210 and the second drain electrode 235.

[0053] The protection electrode 195 may include a metal,
an alloy of a metal, metal nitride, conductive metal oxide,
transparent conductive materials, etc. For example, the pro-
tection electrode 195 may include gold (Au), silver (Ag),
aluminum (Al), tungsten (W), copper (Cu), platinum (Pt),
nickel (Ni), titanium (Ti), palladium (Pd), magnesium (Mg),
calcium (Ca), lithium (Li), chromium (Cr), tantalum (Ta),
molybdenum (Mo), scandium (Sc), neodymium (Nd),
iridium (Ir), an alloy of aluminum, aluminum nitride
(AINX), an alloy of silver, tungsten nitride (WNx), an alloy
of copper, an alloy of molybdenum, titanium nitride (TiNx),
chromium nitride (CrNx), tantalum nitride (TaNx), stron-
tium ruthenium oxide (SRO), zinc oxide (ZnOx), indium tin
oxide (ITO), stannum oxide (SnOx), indium oxide (InOx),
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gallium oxide (GaOx), indium zinc oxide (IZO), etc. These
may be used alone or in a suitable combination thereof.
Alternatively, the protection electrode 195 may have a
multi-layered structure including a plurality of layers.

[0054] For example, in a manufacturing process of the
OLED device 100, the protection electrode 195 may include
materials that are not etched by a buffered oxide etchant
(BOE) so as to protect the second active layer 135 from the
buffered oxide etchant. In example embodiments, the pro-
tection electrode 195 may include Mo or Cu.

[0055] The first source electrode 210 and the first drain
electrode 230 may be disposed in the first region 10 on the
protection electrode 195. The first source electrode 210 may
be in contact with the source region of the first active layer
130 via the first contact hole 212 formed by removing a first
portion of the second active layer 135, the protection elec-
trode 195, the second insulating interlayer 300, the first
insulating interlayer 190, and the gate insulation layer 150.
The first drain electrode 230 may be in contact with the drain
region of the first active layer 130 via the second contact
hole 232 formed by removing a second portion of the second
active layer 135, the protection electrode 195, the second
insulating interlayer 300, the first insulating interlayer 190,
and the gate insulation layer 150. Each of the first source
electrode 210 and the first drain electrode 230 may include
a metal, an alloy, metal nitride, conductive metal oxide,
transparent conductive materials, etc. These may be used
alone or in a suitable combination thereof. Alternatively,
each of the first source electrode 210 and the first drain
electrode 230 may have a multi-layered structure including
a plurality of layers.

[0056] Accordingly, the first semiconductor element 250
including the first active layer 130, the first gate electrode
170, the first source electrode 210, and the first drain
electrode 230 may be disposed on the substrate 110. Here,
the first semiconductor element 250 may serve as a driving
transistor having a silicon-based semiconductor. In addition,
the first semiconductor element 250 may serve as a transistor
having a top gate structure.

[0057] The second source electrode 215 and the second
drain electrode 235 may be disposed in the second region 20
on the second insulating interlayer 300. The second source
electrode 215 may overlap a first lateral portion of the
second gate electrode 175, and may be disposed on the
protection electrode 195. The second drain electrode 235
may overlap a second lateral portion of the second gate
electrode 175, and may be disposed on the protection
electrode 195. Here, the first lateral portion may opposite to
the second lateral portion. In other words, the second source
and second drain electrodes 215 and 235 may be disposed to
overlap both lateral portions of the second gate electrode
175 on the protection electrode 195, and may expose (or
might not be disposed in) a portion of an upper surface of the
second active layer 135. Each of the second source and
second drain electrodes 215 and 235 may include a metal, an
alloy, metal nitride, conductive metal oxide, transparent
conductive materials, etc. These may be used alone or in a
suitable combination thereof. In example embodiments,
each of the first source and first drain electrodes 210 and 230
and the second source and second drain electrodes 215 and
235 may be located on a same layer, and may be simulta-
neously formed using same materials. Alternatively, each of
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the second source and second drain electrodes 215 and 235
may have a multi-layered structure including a plurality of
layers.

[0058] Accordingly, the second semiconductor element
255 including the second active layer 135, the second gate
electrode 175, the second source electrode 215, and the
second drain electrode 235 may be disposed on the substrate
110. Here, the second semiconductor element 255 may serve
as a switching transistor including an oxide-based semicon-
ductor. In addition, the second semiconductor element 255
may serve as a transistor having a bottom gate structure.

[0059] In example embodiments, the OLED device 100
includes two transistors, e.g., the first semiconductor ele-
ment 250 and the second semiconductor element 255, but
not being limited thereto. For example, the OLED device
100 may include at least three transistors and at least one
capacitor.

[0060] The protective insulation layer 400 may be dis-
posed on the second insulating interlayer 300, the first
source and first drain electrodes 210 and 230, and the second
source and second drain electrodes 215 and 235. The pro-
tective insulation layer 400 may cover the first source and
first drain electrodes 210 and 230 in the first region 10 and
the second source and second drain electrodes 215 and 235
in the second region 20 on the second insulating interlayer
300, and may be disposed on the entire second insulating
interlayer 300. For example, the protective insulation layer
400 may cover the first source and first drain electrodes 210
and 230 and the second source and second drain electrodes
215 and 235 on the second insulating interlayer 300, and
may be disposed as a substantially uniform thickness along
a profile of the first source and first drain electrodes 210 and
230 and the second source and second drain electrodes 215
and 235. Alternatively, the protective insulation layer 400
may sufficiently cover the first source and first drain elec-
trodes 210 and 230 and the second source and second drain
electrodes 215 and 235 on the second insulating interlayer
300, and may have a substantially flat upper surface without
a step around the first source and first drain electrodes 210
and 230 and the second source and second drain electrodes
215 and 235. In example embodiments, the protective insu-
lation layer 400 may have an opening 402 exposing a portion
of an upper surface of the first drain electrode 230 in the first
region 10. The lower electrode 290 may be in contact with
the first drain electrode 230 through the opening 402 and a
contact hole of the planarization layer 270. The protective
insulation layer 400 may include silicon compound, metal
oxide, etc. In example embodiments, the protective insula-
tion layer 400 may include SiOx. In addition, the protective
insulation layer 400 may be in direct contact with an upper
surface of the second active layer 135 and side walls of the
protection electrode 195 in a space (e.g., the first opening of
the protection electrode 195) disposed between the second
source electrode 215 and the second drain electrode 235. As
the protective insulation layer 400 including SiOx is in
direct contact with the second active layer 135, interface
characteristics of the second active layer 135 may be rela-
tively improved. Further, the protective insulation layer 400
which is disposed in a space (e.g., the second opening of the
protection electrode 195) disposed between the first source
electrode 210 and the first drain electrode 230 may be in
direct contact with an upper surface of the second insulating
interlayer 300, side walls of the second active layer 135, and
side walls of the protection electrode 195. Alternatively, the
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protective insulation layer 400 may have a multi-layered
structure including a plurality of insulation layers. For
example, the insulation layers may have different thick-
nesses to each other or include different materials to each
other.

[0061] The planarization layer 270 may be disposed on the
protective insulation layer 400. The planarization layer 270
may be disposed on the entire protective insulation layer
400. For example, the planarization layer 270 may have a
thickness enough to sufficiently cover the protective insu-
lation layer 400. In this case, the planarization layer 270 may
have a substantially flat upper surface. A planarization
process may be further performed on the planarization layer
270 to implement the flat upper surface when the upper
surface of the substrate 110 is not sufficiently flat. The
portion of the upper surface of the first drain electrode 230
may be exposed via a contact hole formed by removing a
portion of the planarization layer 270. The planarization
layer 270 may include organic materials or inorganic mate-
rials. In example embodiments, the planarization layer 270
may include organic materials such as polyimide, epoxy-
based resin, acryl-based resin, polyester, photoresist, poly-
acryl-based resin, polyimide-based resin, a polyamide-based
resin, a siloxane-based resin, etc. For example, since the
protective insulation layer 400 includes inorganic materials
and the planarization layer 270 includes organic materials,
the protective insulation layer 400 might not be removed in
an etching process for forming the contact hole of the
planarization layer 270. Thus, to expose the portion of the
upper surface of the first drain electrode 230, the contact
hole of the planarization layer 270 may be formed after the
opening 402 of the protective insulation layer 400 is formed.
[0062] The lower electrode 290 may be disposed on the
planarization layer 270. The lower electrode 290 may be in
direct contact with the first drain electrode 230 via the
contact hole formed in the planarization layer 270, and may
be electrically connected to the first semiconductor element
250. The lower electrode 290 may include a metal, a metal
alloy, metal nitride, conductive metal oxide, transparent
conductive materials, etc. These may be used alone or in a
suitable combination thereof. Alternatively, the lower elec-
trode 290 may have a multi-layered structure including a
plurality of layers.

[0063] The pixel defining layer 310 may be disposed on a
portion of the lower electrode 290 and the planarization
layer 270. The pixel defining layer 310 may cover entire
edges of the lower electrode 290 including both lateral
portions of the lower electrode 290, and may expose a
portion of an upper surface of the lower electrode 290. The
pixel defining layer 310 may include organic materials or
inorganic materials. In example embodiments, the pixel
defining layer 310 may include organic materials.

[0064] The light emitting layer 330 may be disposed on
the lower electrode 290 exposed by the pixel defining layer
310. The light emitting layer 330 may be formed using at
least one of light emitting materials capable of generating
different colors of light, e.g., a red color of light, a blue color
of light, and a green color of light, etc., according to
sub-pixels. Alternatively, the light emitting layer 330 may
generally generate a white color of light by stacking a
plurality of light emitting materials capable of generating
different colors of light such as a red color of light, a green
color of light, a blue color of light, etc. In this case, a color
filter may be disposed on the light emitting layer 330, e.g.,
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to overlap the light emitting layer 330 on a lower surface of
an encapsulation substrate (not shown). The color filter may
include at least one selected from a red color filter, a green
color filter, and a blue color filter. Alternatively, the color
filter may include a yellow color filter, a cyan color filter, and
a magenta color filter. The color filter may include a pho-
tosensitive resin, a color photoresist, etc.

[0065] The upper electrode 340 may be disposed on the
pixel defining layer 310 and the light emitting layer 330. The
upper electrode 340 may cover the light emitting layer 330
and the pixel defining layer 310, and may be entirely
disposed on the light emitting layer 330 and the pixel
defining layer 310. The upper electrode 340 may include a
metal, a metal alloy, metal nitride, conductive metal oxide,
transparent conductive materials, etc. These may be used
alone or in a suitable combination thereof. Alternatively, the
upper electrode 340 may have a multi-layered structure
including a plurality of layers.

[0066] Accordingly, the light emitting structure 200
including the lower electrode 290, the light emitting layer
330, and the upper electrode 340 may be disposed on the
planarization layer 270.

[0067] An encapsulation substrate (not shown) may be
disposed on the upper electrode 340. The encapsulation
substrate and the substrate 110 may include substantially the
same materials. For example, the encapsulation substrate
may include a quartz substrate, a synthetic quartz substrate,
a calcium fluoride substrate, a fluoride-doped quartz sub-
strate, a sodalime glass substrate, a non-alkali glass sub-
strate, etc. In some example embodiments, the encapsulation
substrate may include a transparent inorganic material or
flexible plastic. For example, the encapsulation substrate
may include a flexible transparent resin substrate. In this
case, to increase flexibility of the OLED device 100, the
encapsulation substrate may have a stacked structure where
at least one inorganic layer and at least one organic layer are
alternately stacked. The stack structure may include a first
inorganic layer, an organic layer, and a second inorganic
layer. For example, the first inorganic layer having flexibility
may be disposed along a profile of the upper electrode 340,
and the organic layer having flexibility may be disposed on
the first inorganic layer. The second inorganic layer having
flexibility may be disposed on the organic layer. That is, the
stack structure may correspond to a thin film encapsulation
structure that is in direct contact with the upper electrode
340. Accordingly, the OLED device 100 may be provided.
[0068] As the second insulating interlayer 300 and the
protective insulation layer 400 that include SiOx are in
direct contact with the second active layer 135, interface
characteristics of the second active layer 135 may be rela-
tively increased. Accordingly, the OLED device 100 accord-
ing to example embodiments may include the second semi-
conductor element 255 with improved reliability.

[0069] In addition, as the OLED device 100 in accordance
with example embodiments includes the protection elec-
trode 195, the OLED device 100 may protect the second
active layer 135 from damaging by the etchant used in the
BOE process. Accordingly, the OLED device 100 may
prevent a defect of the second semiconductor element 255.
[0070] FIGS. 2 through 10 are cross-sectional views illus-
trating a method of manufacturing an OLED device in
accordance with example embodiments.

[0071] Referring to FIG. 2, a substrate 110 including
transparent or opaque insulation materials may be provided.
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For example, the substrate 110 may be formed using a quartz
substrate, a synthetic quartz substrate, a calcium fluoride
substrate, a fluoride-doped quartz substrate, a sodalime glass
substrate, a non-alkali glass substrate etc. Alternatively, the
substrate 110 may be formed using a flexible transparent
material such as a flexible transparent resin substrate (e.g.,
a polyimide substrate). In example embodiments, the sub-
strate 110 may have a first region 10 and a second region 20,
and the first region 10 may be located adjacent to the second
region 20.

[0072] A buffer layer (not shown) may be formed on the
substrate 110. The buffer layer may be formed on the entire
substrate 110. The buffer layer may prevent the diffusion of
metal atoms and/or impurities from the substrate 110 into a
first semiconductor element 250, a second semiconductor
element 255 and a light emitting structure 200. In addition,
the buffer layer may control a rate of a heat transfer in a
crystallization process for forming an active layer, thereby
obtaining a substantially uniform active layer. Further, the
buffer layer may improve a surface flatness of the substrate
110 when a surface of the substrate 110 is relatively irregu-
lar. According to a type of the substrate 110, at least two
buffer layers may be provided on the substrate 110, or the
buffer layer may not be formed. For example, the buffer
layer may be formed using organic materials or inorganic
materials.

[0073] A first active layer 130 may be formed in the first
region 10 on the substrate 110. For example, the first active
layer 130 may be formed using a metal oxide semiconductor,
amorphous silicon, polysilicon, an organic semiconductor,
etc. In example embodiments, the first active layer 130 may
include a silicon-based semiconductor, and may include
amorphous silicon or polysilicon. In addition, the first active
layer 130 may include a source region, a drain region, and
a channel region that is located between the source region
and the drain region.

[0074] A gate insulation layer 150 may be formed in the
first region 10 and the second region 20 on the substrate 110
and the first active layer 130. The gate insulation layer 150
may cover the first active layer 130 in the first region 10 on
the substrate 110, and may be formed on the entire substrate
110. For example, the gate insulation layer 150 may cover
the first active layer 130 on the substrate 110, and may be
formed as a substantially uniform thickness along a profile
of the first active layer 130. Alternatively, the gate insulation
layer 150 may sufficiently cover the first active layer 130 on
the substrate 110, and may have a substantially flat upper
surface without a step around the first active layer 130. The
gate insulation layer 150 may be formed using silicon
compound, metal oxide, etc. For example, the gate insula-
tion layer 150 may include SiOx, SiNx, SiOxNy, SiOxCy,
SiCxNy, AlOx, AINx, TaOx, HfOx, ZrOx, TiOx, etc. Alter-
natively, the gate insulation layer 150 may have a multi-
layered structure including a plurality of insulation layers.
For example, the insulation layers may have different thick-
nesses to each other or include different materials to each
other.

[0075] A first gate electrode 170 may be formed in the first
region 10 on the gate insulation layer 150. The first gate
electrode 170 may be formed on a portion of the gate
insulation layer 150 under which the first active layer 130 is
located. In other words, the first gate electrode 170 may be
located to overlap the channel region of the first active layer
130. The first gate electrode 170 may be formed using a
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metal, a metal alloy, metal nitride, conductive metal oxide,
transparent conductive materials, etc. These may be used
alone or in a suitable combination thereof. Alternatively, the
first gate electrode 170 may have a multi-layered structure
including a plurality of layers. After forming the first gate
electrode 170, a source region and a drain region may be
formed by doping the source region and the drain region
which do not overlap with the first gate electrode 170 with
impurities.

[0076] Referring to FIG. 3, a first insulating interlayer 190
may be formed in the first and second regions 10 and 20 on
the gate insulation layer 150 and the first gate electrode 170.
The first insulating interlayer 190 may cover the first gate
electrode 170 in the first region 10 on the gate insulation
layer 150, and may be formed on the entire gate insulation
layer 150. For example, the first insulating interlayer 190
may cover the first gate electrode 170 on the gate insulation
layer 150, and may be formed as a substantially uniform
thickness along a profile of the first gate electrode 170.
Alternatively, the first insulating interlayer 190 may suffi-
ciently cover the first gate electrode 170 on the gate insu-
lation layer 150, and may have a substantially flat upper
surface without a step around the first gate electrode 170.
The first insulating interlayer 190 may be formed using
silicon compound, metal oxide, etc. Alternatively, the first
insulating interlayer 190 may have a multi-layered structure
including a plurality of insulation layers. For example, the
insulation layers may have different thicknesses to each
other or include different materials to each other.

[0077] A gate electrode pattern 180 may be formed in the
first region 10 on the first insulating interlayer 190. The gate
electrode pattern 180 may be formed on a portion of the first
insulating interlayer 190 under which the first gate electrode
170 is located. The gate electrode pattern 180 may serve as
awiring. For example, the gate electrode pattern 180 may be
data signal wirings providing a data signal, gate signal
wirings providing a gate signal, initialization signal wirings
providing an initialization signal, light emission signal wir-
ings providing a light emission signal, power supply wirings
providing a power supply voltage, etc. The gate electrode
pattern 180 may be formed using a metal, an alloy of a metal,
metal nitride, conductive metal oxide, transparent conduc-
tive materials, etc.

[0078] A second gate electrode 175 may be formed in the
second region 20 on the first insulating interlayer 190. In
example embodiments, the second gate electrode 175 and
the gate electrode pattern 180 may be located on a same
layer, and may be simultaneously formed using same mate-
rials. For example, after a preliminary gate electrode layer is
formed on the entire first insulating interlayer 190, the
second gate electrode 175 and the gate electrode pattern 180
may be simultaneously formed by selectively removing the
preliminary gate electrode layer. The second gate electrode
175 may be formed using a metal, an alloy of a metal, metal
nitride, conductive metal oxide, transparent conductive
materials, etc.

[0079] A second insulating interlayer 300 may be formed
on the first insulating interlayer 190, the second gate elec-
trode 175, and the gate electrode pattern 180. The second
insulating interlayer 300 may cover the gate electrode pat-
tern 180 in the first region 10 on the first insulating interlayer
190 and cover the second gate electrode 175 in the second
region 20 on the first insulating interlayer 190, and may be
formed on the entire first insulating interlayer 190. For
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example, the second insulating interlayer 300 may cover the
gate electrode pattern 180 and the second gate electrode 175
on the first insulating interlayer 190, and may be formed as
a substantially uniform thickness along a profile of the gate
electrode pattern 180 and the second gate electrode 175.
Alternatively, the second insulating interlayer 300 may
sufficiently cover the gate electrode pattern 180 and the
second gate electrode 175 on the first insulating interlayer
190, and may have a substantially flat upper surface without
a step around the gate electrode pattern 180 and the second
gate electrode 175. The second insulating interlayer 300 may
be formed using silicon compound, metal oxide, etc. Alter-
natively, the second insulating interlayer 300 may have a
multi-layered structure including a plurality of insulation
layers. For example, the insulation layers may have different
thicknesses to each other or include different materials to
each other.

[0080] Referring to FIG. 4, a preliminary second active
layer 1135 may be formed in the first and second regions 10
and 20 on the entire second insulating interlayer 300. For
example, the preliminary second active layer 1135 may be
formed as a substantially uniform thickness along a profile
of the second insulating interlayer 300. The preliminary
second active layer 1135 may be formed using a metal oxide
semiconductor. In other words, the preliminary second
active layer 1135 may include a metal oxide semiconductor
layer including at least one of ABx, ABxCy, ABxCyDz, etc.
These compounds contain In, Zn, Ga, Sn, Ti, Al, Hf, Zr, Mg,
etc. For example, the preliminary second active layer 1135
may include at least one of ZnOx, GaOx, TiOx, SnOx, InOx,
1GO, 170, ITO, GZO, ZMO, ZTO, ZnZrxOy, IGZ0, 1ZTO,
IGHO, TAZO, IGTO, etc.

[0081] A preliminary protection electrode layer 1195 may
be formed in the first and second regions 10 and 20 on the
entire preliminary second active layer 1135. For example,
the preliminary protection electrode layer 1195 may be
formed as a substantially uniform thickness along a profile
of the preliminary second active layer 1135. The preliminary
protection electrode layer 1195 may be formed using a
conductive layer such as a metal, an alloy of a metal, metal
nitride, conductive metal oxide, transparent conductive
materials, etc. For example, the preliminary protection elec-
trode layer 1195 may include Au, Ag, Al, W, Cu, Pt, Ni, Ti,
Pd, Mg, Ca, Li, Cr, Ta, Mo, Sc, Nd, Jr, an alloy of aluminum,
AINx, an alloy of silver, WNXx, an alloy of copper, an alloy
of molybdenum, TiNx, CrNx, TaNx, SRO, ZnOx, 1TO,
SnOx, InOx, GaOx, IZ0, etc. These may be used alone or in
a suitable combination thereof. Alternatively, the prelimi-
nary protection electrode layer 1195 may have a multi-
layered structure including a plurality of layers. In example
embodiments, the preliminary protection electrode layer
1195 may include materials that are not etched by an etchant
used in the BOE process, which will be described below, so
as to protect the preliminary second active layer 1135 from
the etchant used in the BOE process. For example, the
preliminary protection electrode layer 1195 may include Mo
or Cu.

[0082] Referring to FIG. 5, a first contact hole 212 may be
formed by removing a first portion of the preliminary second
active layer 1135, the preliminary protection electrode layer
1195, the second insulating interlayer 300, the first insulat-
ing interlayer 190, and the gate insulation layer 150 in the
first region 10. The first contact hole 212 may expose the
source region of the first active layer 130. In addition, a
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second contact hole 232 may be formed by removing a
second portion of the preliminary second active layer 1135,
the preliminary protection electrode layer 1195, the second
insulating interlayer 300, the first insulating interlayer 190,
and the gate insulation layer 150 in the first region 10. The
second contact hole 232 may expose the drain region of the
first active layer 130. The first and second portions of the
preliminary second active layer 1135, the preliminary pro-
tection electrode layer 1195, the second insulating interlayer
300, the first insulating interlayer 190, and the gate insula-
tion layer 150 may be removed through oxygen plasma
treatment process.

[0083] Referring to FI1G. 6, a heat treatment process may
be performed on the entire substrate 110. In example
embodiments, when the heat treatment process is performed
on the first active layer 130, a driving-range of a first
semiconductor element 250, which will be described below,
that corresponds to a driving transistor may be relatively
widened. In addition, when the heat treatment process is
performed on the preliminary second active layer 1135, a
second semiconductor element 255 that is relatively precise
may be obtained because a scattering of a threshold voltage
of the second semiconductor element 255, which will be
described below, that corresponds to a switching transistor is
reduced. As the heat treatment process is simultaneously
performed on the first active layer 130 and the preliminary
second active layer 1135, a manufacturing cost of an OLED
device may be relatively decreased.

[0084] In the heat treatment process, an oxide layer (or
oxides) may be formed in the source and drain regions of the
first active layer 130. For example, because the heat treat-
ment process is performed in an atmosphere in which
oxygen ions exist in a chamber, an upper surface of the first
active layer 130 exposed to an outside through the first
contact hole 212 and the second contact hole 232 may be
reacted with the oxygen ions, thus the oxide layer may be
formed on a surface of the exposed first active layer 130.
[0085] After the heat treatment process, to remove the
oxide layer formed on the first active layer 130, an etching
process using the BOE, the BOE process, may be performed.
During the BOE process, because the preliminary protection
electrode layer 1195 completely cover the preliminary sec-
ond active layer 1135, the preliminary protection electrode
layer 1195 may protect the preliminary second active layer
1135 from damaging by the etchant used in the BOE
process. Accordingly, the BOE process may be performed
without a damage of the preliminary second active layer
1135.

[0086] Referring to FIG. 7, a preliminary electrode layer
1210 may be formed in the first and second regions 10 and
20 on the entire preliminary protection electrode layer 1195.
For example, the preliminary electrode layer 1210 may be
formed as a substantially uniform thickness along a profile
of the preliminary protection electrode layer 1195. The
preliminary electrode layer 1210 may be formed using a
metal, an alloy, metal nitride, conductive metal oxide, trans-
parent conductive materials, etc. These may be used alone or
in a suitable combination thereof. Alternatively, the prelimi-
nary electrode layer 1210 may have a multi-layered structure
including a plurality of layers. After the preliminary elec-
trode layer 1210 is formed, a selective etch process may be
performed using a half tone mask.

[0087] Referring to FIG. 8, by selectively etching the
preliminary second active layer 1135, the preliminary pro-
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tection electrode layer 1195, and the preliminary electrode
layer 1210, a first source electrode 210 and a first drain
electrode 230 may be formed in the first region 10 on the 300
on the second insulating interlayer 300, and a second active
layer 135, a protection electrode 195, a second source
electrode 215, and a second drain electrode 235 may be
formed in the second region 20 on the second insulating
interlayer 300.

[0088] For example, by using the selective etch process
through the half tone mask, the second active layer 135 may
be formed in a space disposed between the second source
electrode 215 and the second drain electrode 235, and might
not be formed in a space disposed between the first source
electrode 210 and the first drain electrode 230. In other
words, the preliminary electrode layer 1210 and the prelimi-
nary protection electrode layer 1195 disposed between the
second source electrode 215 and the second drain electrode
235 may be removed, thus the second active layer 135
disposed between the second source electrode 215 and the
second drain electrode 235 may be exposed. The second
active layer 135 may be removed in a space disposed
between the second drain electrode 235 and the first source
electrode 210. In addition, the protection electrode 195
disposed between the second source electrode 215 and the
second drain electrode 235 may be removed, and the pro-
tection electrode 195 disposed between the first source
electrode 210 and the first drain electrode 230 may be
removed. In other words, a first opening of the protection
electrode 195 may be formed by removing the preliminary
protection electrode layer 1195 and the preliminary elec-
trode layer 1210 that are located in the space disposed
between the second source electrode 215 and the second
drain electrode 235 in the second region 20, and a second
opening may be formed by removing the preliminary second
active layer 1135, the preliminary protection electrode layer
1195, and the preliminary electrode layer 1210 that are
located in the space disposed between the first source
electrode 210 and the first drain electrode 230 in first region
10. The protection electrode 195 may not be removed in a
space disposed between the second drain electrode 235 and
the first source electrode 210. Further, the second insulating
interlayer 300 disposed between the first source electrode
210 and the first drain electrode 230 may be exposed, and the
second insulating interlayer 300 disposed between the sec-
ond drain electrode 235 and the first source electrode 210
may be covered by the second active layer 135 and the
protection electrode 195. In other words, by removing the
preliminary electrode layer 1210 disposed between the sec-
ond drain electrode 235 and the first source electrode 210,
the second insulating interlayer 300 may be covered by the
second active layer 135 and the protection electrode 195.

[0089] Accordingly, the first semiconductor element 250
including the first active layer 130, the first gate electrode
170, the first source electrode 210, and the first drain
electrode 230 may be formed, and the second semiconductor
element 255 including the second active layer 135, the
second gate electrode 175, the second source electrode 215,
and the second drain electrode 235 may be formed.

[0090] Referring to FIG. 9, a protective insulation layer
400 may be formed on the second insulating interlayer 300,
the first source and first drain electrodes 210 and 230, and
the second source and second drain electrodes 215 and 235.
The protective insulation layer 400 may cover the first
source and first drain electrodes 210 and 230 in the first
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region 10 and the second source and second drain electrodes
215 and 235 in the second region 20 on the second insulating
interlayer 300, and may be formed on the entire second
insulating interlayer 300. For example, the protective insu-
lation layer 400 may cover the first source and first drain
electrodes 210 and 230 and the second source and second
drain electrodes 215 and 235 on the second insulating
interlayer 300, and may be formed as a substantially uniform
thickness along a profile of the first source and first drain
electrodes 210 and 230 and the second source and second
drain electrodes 215 and 235. Alternatively, the protective
insulation layer 400 may sufliciently cover the first source
and first drain electrodes 210 and 230 and the second source
and second drain electrodes 215 and 235 on the second
insulating interlayer 300, and may have a substantially flat
upper surface without a step around the first source and first
drain electrodes 210 and 230 and the second source and
second drain electrodes 215 and 235. The protective insu-
lation layer 400 may be formed using silicon compound,
metal oxide, etc. In example embodiments, the protective
insulation layer 400 may include SiOx. In addition, the
protective insulation layer 400 may be in direct contact with
an upper surface of the second active layer 135 and side
walls of the protection electrode 195 in a space (e.g.. the first
opening of the protection electrode 195) disposed between
the second source electrode 215 and the second drain
electrode 235. Further, the protective insulation layer 400
disposed in a space (e.g., the second opening of the protec-
tion electrode 195) between the first source electrode 210
and the first drain electrode 230 may be in direct contact
with an upper surface of the second insulating interlayer
300, side walls of the second active layer 135, and side walls
of the protection electrode 195. Alternatively, the protective
insulation layer 400 may have a multi-layered structure
including a plurality of insulation layers. For example, the
insulation layers may have different thicknesses to each
other or include different materials to each other.

[0091] Referring to FIG. 10, an opening 402 exposing a
portion of an upper surface of the first drain electrode 230
may be formed in the first region 10. A planarization layer
270 may be formed on the protective insulation layer 400.
The planarization layer 270 may be formed on the entire
protective insulation layer 400. For example, the planariza-
tion layer 270 may be formed as a thickness enough to
sufficiently cover the protective insulation layer 400. In this
case, the planarization layer 270 may have a substantially
flat upper surface. A planarization process may be further
performed on the planarization layer 270 to implement the
flat upper surface of the planarization layer 270 if the surface
of the planarization layer 270 is not flat. The portion of the
upper surface of the first drain electrode 230 may be exposed
via a contact hole formed by removing a portion of the
planarization layer 270. The planarization layer 270 may be
formed organic materials such as polyimide, epoxy-based
resin, acryl-based resin, polyester, photoresist, polyacryl-
based resin, polyimide-based resin, a polyamide-based resin,
a siloxane-based resin, etc. For example, since the protective
insulation layer 400 includes inorganic materials and the
planarization layer 270 includes organic materials, the pro-
tective insulation layer 400 might not be removed in an
etching process for forming the contact hole of the pla-
narization layer 270. Thus, to expose the portion of the upper
surface of the first drain electrode 230, the contact hole of
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the planarization layer 270 may be formed after the opening
402 of the protective insulation layer 400 is formed.
[0092] A lower electrode 290 may be formed on the
planarization layer 270. The lower electrode 290 may be in
direct contact with the first drain electrode 230 via the
contact hole in the planarization layer 270. The lower
electrode 290 may be formed using a metal, a metal alloy,
metal nitride, conductive metal oxide, transparent conduc-
tive materials, etc. These may be used alone or in a suitable
combination thereof. Alternatively, the lower electrode 290
may have a multi-layered structure including a plurality of
layers.

[0093] A pixel defining layer 310 may be formed on a
portion of the lower electrode 290 and the planarization
layer 270. The pixel defining layer 310 may cover entire
edges of the lower electrode 290 including both lateral
portions of the lower electrode 290, and may expose a
portion of an upper surface of the lower electrode 290. The
pixel defining layer 310 may be formed using organic
materials.

[0094] Referring to FIG. 1, a light emitting layer 330 may
be formed on the lower electrode 290 exposed by the pixel
defining layer 310. The light emitting layer 330 may be
formed using at least one of light emitting materials capable
of generating different colors of light, e.g., a red color of
light, a blue color of light, and a green color of light, etc.,
according to sub-pixels. Alternatively, the light emitting
layer 330 may generally generate a white color of light by
stacking a plurality of light emitting materials capable of
generating different colors of light such as a red color of
light, a green color of light, a blue color of light, etc. In this
case, a color filter may be formed on the light emitting layer
330, e.g., to overlap the light emitting layer 330 on a lower
surface of an encapsulation substrate (not shown). The color
filter may include at least one selected from a red color filter,
a green color filter, and a blue color filter. Alternatively, the
color filter may include a yellow color filter, a cyan color
filter, and a magenta color filter. The color filter may be
formed using a photosensitive resin, a color photoresist, etc.
[0095] An upper electrode 340 may be formed on the pixel
defining layer 310 and the light emitting layer 330. The
upper electrode 340 may cover the light emitting layer 330
and the pixel defining layer 310, and may be entirely formed
on the light emitting layer 330 and the pixel defining layer
310. The upper electrode 340 may be formed using a metal,
a metal alloy, metal nitride, conductive metal oxide, trans-
parent conductive materials, etc. These may be used alone or
in a suitable combination thereof. Alternatively, the upper
electrode 340 may have a multi-layered structure including
a plurality of layers.

[0096] Accordingly, a light emitting structure 200 includ-
ing the lower electrode 290, the light emitting layer 330, and
the upper electrode 340 may be formed.

[0097] An encapsulation substrate (not shown) may be
formed on the upper electrode 340. The encapsulation
substrate and the substrate 110 may include substantially the
same materials. For example, the encapsulation substrate
may include a quartz substrate, a synthetic quartz substrate,
a calcium fluoride substrate, a fluoride-doped quartz sub-
strate, a sodalime glass substrate, a non-alkali glass sub-
strate, etc. In some example embodiments, the encapsulation
substrate may include a transparent inorganic material or
flexible plastic. For example, the encapsulation substrate
may include a flexible transparent resin substrate. In this
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case, 1o increase flexibility of an OLED device, the encap-
sulation substrate may have a stacked structure where at
least one inorganic layer and at least one organic layer are
alternately stacked. The stack structure may include a first
inorganic layer, an organic layer, and a second inorganic
layer. For example, the first inorganic layer having flexibility
may be formed along a profile of the upper electrode 340,
and the organic layer having flexibility may be formed on
the first inorganic layer. The second inorganic layer having
flexibility may be formed on the organic layer. That is, the
stack structure may correspond to a thin film encapsulation
structure that is in direct contact with the upper electrode
340.

[0098] Accordingly, an OLED device 100 illustrated in
FIG. 1 may be manufactured.

[0099] In a method of manufacturing the OLED device
100 in accordance with example embodiments, when the
heat treatment process is performed on the first active layer
130 and the preliminary second active layer 1135, a driving-
range of the first semiconductor element 250 that corre-
sponds to a driving transistor may be relatively widened, and
the second semiconductor element 255 that is relatively
precise may be obtained because a scattering of a threshold
voltage of the second semiconductor element 255 that
corresponds to a switching transistor is reduced. In addition,
as the heat treatment process is simultaneously performed on
the first active layer 130 and the preliminary second active
layer 1135, a manufacturing cost of the OLED device 100
may be relatively decreased.

[0100] In addition, since the preliminary protection elec-
trode layer 1195 completely cover the preliminary second
active layer 1135, the preliminary protection electrode layer
1195 may protect the preliminary second active layer 1135
from damaging by the etchant used in the BOE process.
Accordingly, after the preliminary second active layer 1135
is formed, the BOE process may be performed without a
damage of the preliminary second active layer 1135.
[0101] FIG. 11 is a cross-sectional view illustrating an
OLED device in accordance with example embodiments. An
OLED display device 500 illustrated in FIG. 11 may have a
configuration substantially the same as or similar to that of
an OLED display device 100 described with reference to
FIG. 1 except for a connection electrode 510. In FIG. 11,
detailed descriptions for elements that are substantially the
same as or similar to elements described with reference to
FIG. 1 may not be repeated.

[0102] Referring to FIG. 11, an OLED device 500 may
include a substrate 110, a first semiconductor element 250,
a second semiconductor element 255, a gate electrode pat-
tern 180, a gate insulation layer 150, a first insulating
interlayer 190, a second insulating interlayer 300, a protec-
tion electrode 195, a protective insulation layer 400, a
planarization layer 270, a light emitting structure 200, a
pixel defining layer 310, etc.

[0103] In example embodiments, a connection electrode
510 may correspond to a source electrode of the first
semiconductor element 250 and a drain electrode of the
second semiconductor element 255. In other words, the
source electrode of the first semiconductor element 250 and
the drain electrode of the second semiconductor element 255
may be integrally formed.

[0104] FIG. 12 is a cross-sectional view illustrating an
OLED device in accordance with example embodiments. An
OLED display device 600 illustrated in FI1G. 11 may have a
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configuration substantially the same as or similar to that of
an OLED display device 100 described with reference to
FIG. 1 except for a second active layer 635 and a protection
electrode 695. In FIG. 12, detailed descriptions for elements
that are substantially the same as or similar to elements
described with reference to FIG. 1 may not be repeated.
[0105] Referring to FIG. 12, the OLED device 600 may
include a substrate 110, a first ssmiconductor element 250,
a second semiconductor element 255, a gate electrode pat-
tern 180, a gate insulation layer 150, a first insulating
interlayer 190, a second insulating interlayer 300, a protec-
tion electrode 695, a protective insulation layer 400, a
planarization layer 270, a light emitting structure 200, a
pixel defining layer 310, etc. Here, the first semiconductor
element 250 may include a first active layer 130, a first gate
electrode 170, a first source electrode 210, and a first drain
electrode 230, and the second semiconductor element 255
may include a second active layer 635, a second gate
electrode 175, a second source electrode 215, and a second
drain electrode 235. In addition, the light emitting structure
200 may include a lower electrode 290, a light emitting layer
330, and an upper electrode 340.

[0106] The second active layer 635 may be disposed to
overlap the protection electrode 695, the first source elec-
trode 210, the first drain electrode 230, the second source
electrode 215, and the second drain electrode 235, may not
disposed in a contact hole 212 and a contact hole 232. In
addition, the second active layer 635 may be disposed in a
space disposed between the second source electrode 215 and
the second drain electrode 235, and might not be disposed
between the first source electrode 210 and the first drain
electrode 230. Further, the second active layer 635 might not
be disposed in a space between the second drain electrode
235 and the first source electrode 210.

[0107] The protection electrode 695 may be disposed to
overlap the second active layer 635, the first source electrode
210, the first drain electrode 230, the second source elec-
trode 215, and the second drain electrode 235, and may not
disposed in the contact hole 212 and the contact hole 232. In
addition, the protection electrode 695 might not be disposed
in a space between the second source electrode 215 and the
second drain electrode 235, and might not be disposed in a
space between the first source electrode 210 and the first
drain electrode 230. The protection electrode 695 might not
be disposed in a space between the second drain electrode
235 and the first source electrode 210. In other words, the
protection electrode 695 may have a first opening exposing
an upper surface of the second active layer 635 in the second
region 20, a second opening exposing an upper surface of
the second insulating interlayer 300 in the first region 10,
and a third opening exposing an upper surface of the second
insulating interlayer 300 in a boundary between the first
region 10 and the second region 20. That is, as the second
active layer 635 and the protection electrode 695 might not
be disposed in a space between the second drain electrode
235 and the first source electrode 210, the first semiconduc-
tor element 250 may be spaced apart from the second
semiconductor element 255. Thus, the first semiconductor
element 250 and the second semiconductor element 255 may
be independently driven to each other.

[0108] The inventive concept may be applied to various
display devices including an OLED device. For example, the
inventive concept may be applied to vehicle-display device,
a ship-display device, an aircraft-display device, portable
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communication devices, display devices for display or for
information transfer, a medical-display device, etc.

[0109] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof.
Although a few example embodiments have been described,
those skilled in the art will readily appreciate that many
modifications are possible in the example embodiments
without materially departing from the novel teachings and
features of the present inventive concept. Accordingly, all
such modifications are intended to be included within the
scope of the present inventive concept as defined in the
claims. Therefore, it is to be understood that the foregoing
is illustrative of various example embodiments and is not to
be construed as limited to the specific example embodiments
disclosed, and that modifications to the disclosed example
embodiments, as well as other example embodiments, are
intended to be included within the scope of the appended
claims.

What is claimed is:

1. An organic light emitting display (OLED) device
comprising:

a substrate having a first region and a second region that

is adjacent to the first region;

a first semiconductor element including:

a first active layer disposed in the first region on the
substrate;

a first gate electrode disposed on the first active layer;
and

a first source electrode and a first drain electrode
disposed on the first gate electrode;

a second semiconductor element including:

a second gate electrode disposed in the second region
on the substrate;

a second active layer disposed on the second gate
electrode; and

a second source electrode and a second drain electrode
disposed on the second active layer;

a protection electrode disposed between the second active
layer and the second source electrode and the second
drain electrode, the protection electrode having an
opening that exposes a portion of the second active
layer; and

a light emitting structure disposed on the first semicon-
ductor element and the second semiconductor element.

2. The OLED device of claim 1, wherein the second active
layer is located to overlap the first source electrode, the first
drain electrode, the second source electrode, and the second
drain electrode.

3. The OLED device of claim 1, wherein the second active
layer is disposed under the protection electrode to overlap a
portion of the protection electrode.

4. The OLED device of claim 1, wherein the protection
electrode is in contact with a lower surface of the first source
electrode and a lower surface of the second drain electrode,
and is disposed in a space disposed between the first source
electrode and the second drain electrode, and

wherein the protection electrode electrically connects the
first source electrode and the second drain electrode.

5. The OLED device of claim 1, wherein the second active
layer is not disposed in a space disposed between the first
source electrode and the first drain electrode, and is disposed
in a space disposed between the first source electrode and the
second drain electrode and in a space disposed between the
second source electrode and the second drain electrode.
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6. The OLED device of claim 1, wherein the protection
electrode is not disposed in both a space disposed between
the first source electrode and the first drain electrode and a
space disposed between the second source electrode and the
second drain electrode, and

wherein a space disposed between the second source
electrode and the second drain electrode corresponds to
the opening of the protection electrode.

7. The OLED device of claim 1, wherein the first semi-
conductor element has a top gate structure and includes a
silicon-based semiconductor, and

wherein the second semiconductor element has a bottom
gate structure and includes a metal oxide-based semi-
conductor.

8. The OLED device of claim 7, wherein the first active
layer of the first semiconductor element includes amorphous
silicon or polysilicon.

9. The OLED device of claim 1, further comprising:

a gate electrode pattern disposed on the first gate elec-

trode,

wherein the gate electrode pattern and the second gate
electrode are located on a same layer.

10. The OLED device of claim 1, further comprising:

a gate insulation layer covering the first active layer in the
first region on the substrate;

a first insulating interlayer covering the first gate electrode
in the first region on the gate insulation layer;

a second insulating interlayer covering the second gate
electrode in the second region on the first insulating
interlayer; and

a protecting insulation layer covering the first source
electrode, the first drain electrode, the second source
electrode and the second drain electrode on the second
insulating interlayer and having an opening that
exposes a portion of the first drain electrode.

11. The OLED device of claim 10, wherein the protective
insulation laver is in contact with an upper surface of the
second active layer and side walls of the protection electrode
in a space disposed between the second source electrode and
the second drain electrode.

12. The OLED device of claim 10, wherein the protective
insulation layer is in contact with an upper surface of the
second insulating interlayer, side walls of the second active
layer, and side walls of the protection electrode in a space
disposed between the first source electrode and the first drain
electrode.

13. The OLED device of claim 10, wherein the second
insulating interlayer is in contact with a lower surface of the
second active layer, and the second insulating interlayer and
the protective insulation layer include silicon oxide.

14. The OLED device of claim 13, wherein the light
emitting structure includes:

a lower electrode disposed on the first semiconductor

element and the second semiconductor element;

a light emitting layer disposed on the lower electrode; and

an upper electrode disposed on the light emitting layer.

15. The OLED device of claim 14, further comprising:

a planarization layer disposed between the protective
insulation layer and the lower electrode, the planariza-
tion layer including organic materials,

wherein the planarization layer has a contact hole expos-
ing an upper surface of the first drain electrode exposed
by the opening of the protective insulation layer, and
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the lower electrode is connected to the first drain
electrode through the contact hole of the planarization
layer.

16. A method of manufacturing OLED device, the method

comprising:

providing a substrate having a first region and a second
region that is adjacent to the first region;

forming a first active layer having a source region and a
drain region, a first gate electrode, and a gate insulation
layer disposed between the first active layer and the
first gate electrode in the first region on the substrate;

forming a gate electrode pattern in the first region on the
substrate and a second gate electrode in the second
region on the substrate;

forming an insulating interlayer on the second gate elec-
trode and the gate electrode pattern;

forming a preliminary second active layer on the insulat-
ing interlayer;

forming a preliminary protection electrode layer on the
preliminary second active layer;,

forming a first contact hole and a second contact hole
exposing each of the source region and a drain region
of the first active layer by removing a first portion and
a second portion of the preliminary protection electrode
layer, the preliminary second active layer, and the
insulating interlayer;

forming a preliminary electrode layer on the preliminary
protection electrode layer; and

forming a first source electrode and a first drain electrode
in the first region on the insulating interlayer and a
second active layer, a protection electrode and a second
source electrode and a second drain electrode in the
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second region on the insulating interlayer by selectively
etching the preliminary electrode layer, the preliminary
protection electrode layer, and the preliminary second
active layer.

17. The method of claim 16, wherein when the prelimi-
nary second active layer, the preliminary protection elec-
trode layer, and the preliminary electrode layer are selec-
tively etched, a portion of the preliminary protection
electrode layer is removed in the second region, and an
upper surface of the preliminary second active layer is
exposed.

18. The method of claim 16, further comprising:

performing a heat treatment process on the preliminary

second active layer, the first contact hole and the second
contact hole, and the first active layer after forming the
first contact hole and the second contact hole; and
performing a buffered oxide etchant (“BOE”) process that
removes an oxide layer of the first contact hole and the
second contact hole after the heat treatment process.

19. The method of claim 18, wherein when the BOE
process is performed, the preliminary second active layer is
protected by the preliminary protection electrode layer.

20. The method of claim 16, further comprising;

forming a protective insulation layer covering the first

source electrode, the first drain electrode, the second
source electrode, and the second drain electrode on the
insulating interlayer,

wherein the protective insulation layer is in direct contact

with an upper surface of the second active layer and
side walls of the protection electrode in the second
region.
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