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1
ORGANIC LIGHT EMITTING DISPLAY AND
MANUFACTURING METHOD THEREOF

BACKGROUND

1. Field

Embodiments relate to an organic light emitting display
and a manufacturing method thereof.

2. Description of the Related Art

An active matrix type organic light-emitting display may
include, in each pixel, a thin-film transistor (TFT) and an
organic light emitting diode (OLED) connected to the TFT.

An active layer of the TFT may be formed of amorphous
silicon or polysilicon. Recently, attempts have been made to
form the active layer of the TFT using an oxide semiconduc-
tor.

SUMMARY

It is a feature of an embodiment to provide an organic light
emitting display including a thin film transistor (TFT) in
which penetration of light, water, and/or oxygen may be
prevented, and a method of manufacturing the organic light
emitting display.

It is another feature of an embodiment to provide an
organic light emitting display that may be easily applied to
large-sized display devices and enables mass production
thereof, and a method of manufacturing the organic light
emitting display.

At least one of the above and other features and advantages
may be realized by providing an organic light emitting dis-
play, including a gate electrode on a substrate, an active layer
insulated from the gate electrode, source and drain electrodes
that are insulated from the gate electrode and contact the
active layer, an insulating layer between the active layer and
the source and drain electrodes, a light blocking layer that is
on the active layer and that blocks light of a predetermined
wavelength from the active layer, and an organic light emit-
ting device that is electrically connected to one of the source
and drain electrodes.

The light blocking layer may block blue light.

The light blocking layer may include at least one of man-
ganese-doped barium titanate, titanium nitride, and electro-
chromic nickel oxide.

The light blocking layer may be on the insulating layer.

The light blocking layer may be directly on the insulating
layer.

The organic light emitting display may further include a
passivation layer covering the gate insulating layer, the source
and drain electrodes, and the insulating layer. The light block-
ing layer may be on the passivation layer.

The light blocking layer may be disposed on a path of light
that is emitted from the organic light emitting device, which
path of light is incident to the active layer.

At least a portion of light emitted from the organic light
device may be reflected by the light blocking layer.

The active layer may include an oxide semiconductor.

Light emitted from the organic light emitting device may
be emitted toward the substrate.

At least one of the above and other features and advantages
may also be realized by providing a method of manufacturing
an organic light emitting display, the method including form-
ing a gate electrode on a substrate, forming an active layer
insulated from the gate electrode, forming source and drain
electrodes that are insulated from the gate electrode and con-
tact the active layer, forming an insulating layer, the insulat-
ing layer being between the active layer and the source and
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2

drain electrodes, forming a light blocking layer on the active
layer, the light blocking layer covering at least a channel area
of the active layer, and forming an organic light emitting
device that is electrically connected to the source and drain
electrodes.

The method may further include forming a gate insulating
layer on the substrate to cover the gate electrode, forming the
active layer on the gate insulating layer, forming the insulat-
ing layer covering at least a channel area of the active layer,
and forming the light blocking layer on the insulating layer so
as to cover at least the channel area of the active layer.

The method may further include forming a gate insulating
layer on the substrate to cover the gate electrode, forming the
active layer on the gate insulating layer, forming the insulat-
ing layer covering at least a channel area of the active layer,
forming the source and drain electrodes on the insulating
layer to contact the active layer, forming a passivation layer to
cover the gate insulating layer, the source and drain elec-
trodes, and the insulating layer, and forming the light block-
ing layer on the passivation layer so as to cover at least the
channel area of the active layer.

The light blocking layer may block blue light.

The light blocking layer may include at least one of man-
ganese-doped barium titanate, titanium nitride, or electro-
chromic nickel oxide.

The light blocking layer may be disposed on a path of light
that is emitted from the organic light emitting device, which
path of light is incident to the channel area.

At least a portion of light emitted from the organic light
device may be reflected by the light blocking layer.

Light emitted from the organic light emitting device may
be emitted toward the substrate.

The active layer may include an oxide semiconductor.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages will become
more apparent to those of skill in the art by describing in detail
example embodiments with reference to the attached draw-
ings, in which:

FIG.1 illustrates a cross-sectional view of an organic light-
emitting display according to a first embodiment;

FIG.2 illustrates a cross-sectional view of an organic light-
emitting display according to a second embodiment;

FIG. 3 illustrates a light path diagram for explaining fea-
tures of the first and second embodiments; and

FIGS. 4A through 4E illustrate cross-sectional views of
stages in a method of manufacturing the organic light emit-
ting display of FIG. 1.

DETAILED DESCRIPTION

Korean Patent Application No. 10-2009-0130020, filed on
Dec. 23, 2009, in the Korean Intellectual Property Office, and
entitled: “Organic Light Emitting Display and Manufacturing
Method Thereof,” is incorporated by reference herein in its
entirety.

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
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as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

Embodiments relate to an organic light-emitting display
and a manufacturing method thereof. The organic light-emit-
ting display may include one or more thin-film transistors
(TFTs) in pixels thereof.

FIG. 1 illustrates a cross-sectional view of an organic light-
emitting display according to a first embodiment.

In FIG. 1, for convenience of explanation, a portion of one
pixel of the organic light-emitting display is illustrated. It will
be understood that the organic light-emitting display may
include a plurality of such pixels.

Referring to FIG. 1, a thin-film transistor (TFT) 2 and an
organic light-emitting device 3 may be disposed on a sub-
strate 1. In FIG. 1, the TFT 2 is a illustrated as bottom gate
type (or gate first) TFT. It will be understood, however, that
the embodiments may also be applied to a top gate type TFT,
in which the active layer is disposed under the gate. The
organic light emitting display may be a top emission type
display, where the display is viewed from opposite the sub-
strate 1, or a bottom emission type display, where the display
is viewed from the side of the substrate 1 (bottom side in FIG.
1).

The substrate 1 may be formed of a transparent material,
e.g., in the case of a bottom emission type display. A buffer
layer (not shown) formed of, e.g., an material such as asilicon
oxide, may be further formed on the substrate 1.

Where the TFT 2 is a bottom gate type, the TFT 2 may
include a gate electrode 21 formed on the substrate 1, a gate
insulating layer 22 covering the gate electrode 21, and an
active layer 23 formed on the gate insulating layer 22. An
insulating layer 24 may be formed on the gate insulating layer
22 to cover the active layer 23, and a source electrode 25 and
a drain electrode 26 may be formed on the insulating layer 24.
The source electrode 25 and the drain electrode 26 may
respectively contact source and drain areas of the active layer
23.

As described in detail herein, a light blocking layer 29 may
be formed to reduce or eliminate the irradiation of light on the
active layer 23. In the embodiment illustrated in FIG. 1, the
light blocking layer 29 may be formed on the insulating layer
24 to cover at least a portion of the active layer 23, e.g., a
channel area 23a and portions of the source/drain areas adja-
centthereto. In an implementation, the light blocking layer 29
may be formed directly on the insulating layer 24. The light
blocking layer 29 may be relatively small, economical, and
easy to form as compared to a layer applied to coat an entire
surface of the substrate 1, features which become more
advantages as a size of the substrate, i.e., a size of the display,
increases.

The gate electrode 21 may be formed of, e.g., a conductive
metal. The gate electrode 21 may be formed as a single layer
or a multilayer. The gate electrode 21 may include molybde-
num.

The gate insulating layer 22 may be formed of an insulating
material, e.g., silicon oxide, tantalum oxide, aluminum oxide,
etc.

The active layer 23 may be patterned on the gate insulating
layer 22. The active layer 23 may be formed of, e.g., an oxide
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semiconductor. For example, the oxide semiconductor active
layer 23 may include a semiconductor material including
oxygen (O) and at least one of gallium (Ga), phosphor (I),
hafnium (Hf), zinc (Zn), and tin (Sn), such as ZnO, ZnGaO,
ZnInO, GalnO, GaSnO, ZnSnO, InSnO, HfIlnZnO, or
ZnGalnO. In an implementation, the oxide semiconductor
active layer 23 may be a H-1-Z-O layer or a layer of a(In,O;)
b(Ga,05)c(Zn0) (G-I-Z-0 layer), where a, b, and ¢ are real
numbers that satisfy a=0, b=0, and c¢=0, respectively.

The insulating layer 24 may be formed to cover the active
layer 23. The insulating layer 24 may protect the channel area
234 of the active layer 23. In an implementation, the insulat-
ing layer 24 may be formed only on the channel area 23a. In
another implementation, the insulating layer 24 may com-
pletely cover the active layer 23 except portions of the active
layer 23 contacting the source and drain electrodes 25 and 26.

The light blocking layer 29 may be formed to cover the
insulating layer 24. The light blocking layer 29 may protect
the channel area 23a of the active layer 23 against exposure to
light. In an implementation, the light blocking layer 29 may
block or be selective to blue light, e.g., light having a wave-
length of'about 450 nm. In an implementation, the light block-
ing layer may be formed only on the channel area 23a. In
another implementation (not shown), the light blocking layer
29 may cover the active layer 23 except a portion thereof
contacting the source and drain electrodes 25 and 26. The
light blocking layer 29 will be described in further detail
below.

The source electrode 25 and the drain electrode 26 may be
formed on the light blocking layer 29 so as to contact the
active layer 23. A passivation layer 27 may be formed on the
light blocking layer 29 to cover the source electrode 25 and
the drain electrode 26. A first electrode 31 of the organic light
emitting device 3, contacting the drain electrode 26, may be
formed on the passivation layer 27. The first electrode 31 is
formed in each pixel by, e.g., patterning.

A pixel defining layer (PDL) 28 that exposes a portion of
the first electrode 31 may be formed on the passivation layer
27. An organic layer 32 may be formed on the portion of the
first electrode 31 that is exposed by the PDL 28. A second
electrode 33 may be formed on the organic layer 32.

The PDL 28 may be formed to cover ends of the first
electrode 31. In addition to defining a light emitting area, the
PDL 28 may widen a distance between ends of the first
electrode 31 and the second electrode 33, thereby preventing
concentration of an electric field on the ends of the first
electrode. Thus a short circuit between the first electrode 31
and the second electrode 33 may be prevented.

In a top emission type organic light emitting display, in
which an image is formed toward the second electrode 33, the
first electrode 31 may be a reflective electrode. In this case, a
reflective layer formed of an alloy of Al, Ag, etc., may be used
for the first electrode 31.

When the first electrode 31 is used as an anode electrode,
the first electrode 31 may include a layer formed of a metal
oxide, such as ITO, IZO, or ZnO, which has a high work
function (absolute value). When the first electrode 31 is used
as a cathode electrode, the first electrode 31 may include a
highly conductive metal having a low work function (absolute
value), such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca.
In this case, a separate reflective layer may be omitted.

In a top emission type organic light emitting display, the
second electrode 33 may be a light-transmissive electrode. In
this case, the second electrode 33 may include a semi-trans-
missive reflective layer comprising a thin film formed of Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca, or a light-
transmissive metal oxide such as ITO, 1ZO, or ZnO. When the
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first electrode 31 is used as an anode, the second electrode 33
is used as a cathode, and when the first electrode 31 is used as
a cathode, the second electrode 33 is used as an anode.

The organic layer 32 interposed between the first electrode
31 and the second electrode 33 may be, or may include, an
emission layer. In an implementation, the organic layer 32
may be formed of a stack structure in which a hole injection
layer, an emission layer, an electron injection and transport-
ing layer, etc., are stacked.

Although not shown in FIG. 1, a protection layer may be
further formed on the second electrode 33, and the pixel may
be encapsulated using, e.g., glass on the top thereof.

The light blocking layer 29 of the organic light emitting
display of FIG. 1 will now be described in further detail.

When the active layer 23 is formed using an oxide semi-
conductor, it is preferable that light, oxygen, and water be
blocked. Among these, oxygen and water may be blocked to
some extent by using the first electrode 31 and the second
electrode 33, or using an encapsulation process when manu-
facturing the organic light-emitting display. Of the light inci-
dent to the TFT 2, external light may be blocked by using, e.g.,
UV coating, a black matrix, etc. However, light emitted from
within the display itself, e.g., light such as blue light having a
wavelength of about 450 nm emitted the organic layer 32 of
the organic light-emitting device 3, may adversely affect the
TFT 2.

FIG. 3 illustrates a light path diagram for explaining fea-
tures of the first and second embodiments. Referring to FIG.
3, there are two paths through which light emitted from the
organic layer 32 may be incident to the TFT 2. The first path
is a path that is denoted with a letter A in FIG. 3 and through
which light emitted from the organic layer 32 is irradiated to
the active layer 23 through between the source and drain
electrodes 25 and 26 and the gate electrode 21. Where a
distance between the source and drain electrodes 25 and 26
and the gate electrode 21 is only about 350 nm, i.e., wave-
length of blue light (about 450 nm), there is relatively low
possibility that light is irradiated to the TFT 2. The second
path is a path denoted with a letter B in FIG. 3 and through
which light emitted from the organic layer 32 is irradiated to
the active layer 23 through the PDL 28 and the passivation
layer 27. In this second case, the light passes between the
source and drain electrodes 25, 26. Also, a distance between
the source and drain electrodes 25 and 26 and the second
electrode 33 may be about 1800 nm or more, such that the
light emitted from the organic layer 32 is highly likely to be
guided to the active layer 23.

In the organic light-emitting display according to the first
embodiment, the insulating layer 24 and the light blocking
layer 29 may be formed on the active layer 23. Thus, in the
organic light-emitting display according to the first embodi-
ment, the light emitted from the organic layer 32 may be
blocked or filtered from being directly incident to the active
layer 23.

The light blocking layer 29 is formed on a light path of light
that is incident to the TFT 2 from the organic layer 32. The
light blocking layer 29 may be formed of a material that is
capable of blocking blue light. For example, manganese
(Mn)-doped barium titanate (BaTiO,), titanium nitride (TiN),
or electrochromic nickel oxide (NiO) may be used as the light
blocking layer 29. These materials are mostly brown-colored
and may block blue light. An insulating layer 30 covering the
light blocking layer 29, and interposed between the light
blocking layer 29 and the source/drain electrodes 25, 26, may
serve to prevent electrical contact therebetween.

As described above in connection with the first embodi-
ment, the organic light-emitting display may be constructed
such that blue light may be prevented from directly being
incident to the active layer 23, which may increase the stabil-
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ity of an oxide semiconductor layer, reduce product defects,
and increase user convenience.

FIG. 2 illustrates a cross-sectional view of an organic light-
emitting display according to a second embodiment.

Referring to FIG. 2, a light blocking layer 29' may be
formed on the passivation layer 27. For example, the source
electrode 25, the drain electrode 26, and the passivation layer
27 may be sequentially formed on the insulating layer 24, and
the light blocking layer 29' may be formed on a portion of the
passivation layer 27 corresponding to the active layer 23. The
light blocking layer 29' is sized and positioned to intercept a
path of light that is incident to the TFT 2 from the organic
layer 32. Accordingly, the reliability of the organic light emit-
ting display device may be increased.

FIGS. 4A through 4E illustrate cross-sectional views of
stages in a method of manufacturing the organic light emit-
ting display including the light blocking layer 29 shown in
FIG. 1.

Referring to FIG. 4A, first, a substrate 1 may be provided.
The substrate 1 may be formed of silicon (Si), glass, or
organic materials. Where the organic light emitting display
device is a bottom emission type display, the substrate 1 may
be transparent. When using a Si substrate, an insulating layer,
e.g., silicon oxide (not shown) may be formed on a surface of
the Si substrate using, e.g., a thermal oxidizing process. Next,
the substrate 1 may be coated with a conductive material such
as ametal or aconductive oxide and then patterned to form the
gate electrode 21.

Next, referring to FIG. 4B, an insulating material may be
coated on the gate electrode 21 and patterned to form the gate
insulating layer 22.

Next, referring to FIG. 4C, a semiconductor material, e.g.,
and oxide semiconductor material, may be deposited on a
portion of the gate insulating layer 22 corresponding to the
gate electrode 21. The semiconductor material may be depos-
ited using, e.g., a physical vapor deposition method (PVD), a
chemical vapor deposition (CVD) method, or an atomic layer
deposition (ALD) method. The semiconductor material may
be patterned to form an active layer 23. Examples of the
semiconductor material include a layer of a(In,0,)b(Ga,O5)
¢(Zn0) (G-1-Z-0 layer), where a, b, and ¢ are real numbers
that satisfy a=0, b=0, and c=0, respectively, and a hafnium-
indium-zinc oxide (H-1-Z-O) layer.

Next, referring to FIG. 4D, an insulating material may be
coated on the active layer 23 to cover a channel layer 23a of
the active layer 23. The insulating material may be patterned
to form the insulating layer 24. Then, a light blocking material
(for the light blocking layer 29) may be coated on the insu-
lating layer 24 to cover the patterned insulating layer 24. In
another implementation, the insulating material may be
coated on the active layer to cover the channel layer 23a of the
active layer 23, the light blocking material may be coated on
the insulating material, and the light blocking material may be
patterned at the same time as the underlying insulating mate-
rial to form the insulating layer 24 and the light blocking layer
29. The light blocking material may be deposited by any
suitable deposition method, including spin coating, sputter-
ing, chemical vapor deposition, e-beam, etc.

The light blocking layer 29 may be formed of a material
capable of blocking blue light. For example, a Mn-doped
barium titanate (BaTiO,), titanium nitride (TiN), or an elec-
trochromic nickel oxide (NiO) may be used as the light block-
ing layer 29. These materials are mostly brown-colored and
can block blue light. The light blocking layer 29 is formed on
a path of light that is incident to the TFT 2 from the organic
layer 32.

The insulating layer 30 may then be formed so as to be
interposed between the light blocking layer 29 and the source/
drain electrodes 25, 26 (described below) to serve to prevent
electrical contact therebetween. In an implementation, the
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insulating material may be coated on the light blocking layer
29 so as to cover exposed surfaces thereof, e.g., the top and
side surfaces, to thereby electrically insulate the light block-
ing layer from the source/drain electrodes 25, 26. In an imple-
mentation, the insulating material may be coated on the active
layer to cover the channel layer 23a of the active layer 23, the
light blocking material may be coated on the insulating mate-
rial, and the light blocking material may be patterned at the
same time as the underlying insulating material to form the
insulating layer 24 and the light blocking layer 29, after which
the insulating layer 30 may be formed to cover the light
blocking layer 29.

Next, referring to FIG. 4E, a metal or a conductive metal
oxide (for the source and drain electrodes 25, 26) may be
coated on the gate insulating layer 22, the active layer 23, and
the light blocking layer 29. The metal or conductive metal
oxide may be patterned to form the source electrode 25 and
the drain electrode 26.

Subsequently, the passivation layer 27 may be formed to
cover the source electrode 25 and the drain electrode 26. A
contact hole may be formed in the passivation layer 27, and a
first electrode of the organic light emitting device 3 which
contacts the drain electrode 26 may be formed through the
contact hole. Next, a PDL 28 that exposes a portion of the first
electrode 31 may be formed on the passivation layer 27, and
the organic layer 32 and the second electrode 33 may be
formed on the portion of the first electrode 31 exposed by the
PDL 28, thereby completing the structure illustrated in FIG.
1.

As described above, an organic light emitting display
according to embodiments prevents light, e.g., blue light,
from being directly incident to the TFT 2, which may increase
the stability of an oxide semiconductor in the TFT 2, reduce
product defects, and increase user convenience.

Characteristics of an oxide semiconductor, such as a
threshold voltage, an S-factor, etc., may vary due to the pen-
etration of water, oxygen, or light. Also, the variation in the
threshold voltage due to the water, oxygen, or light may be
further increased by a DC bias of a gate electrode during
driving of the TFT, and thus the DC stability is a great prob-
lem in regard to use of the oxide semiconductor. In order to
improve the barrier characteristics of the oxide semiconduc-
tor against water or oxygen, an aluminum oxide (AlO,) layer
or a titanium nitride (TiN) layer may be used. However,
forming these layers using a reactive sputtering method or an
atomic layer deposition (ALD) method may be difficult when
applied to a large-sized substrate, such that a mass production
rate of the layers may be low. In contrast, an organic light
emitting display as described above in connection with the
first and second embodiments may prevent light, e.g., blue
light, from being directly incident to the TFT 2 using the light
blocking layer 29.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are to
be interpreted in a generic and descriptive sense only and not
for purpose of limitation. Accordingly, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims.

What is claimed is:

1. An organic light emitting display, comprising:

a gate electrode on a substrate;

an active layer insulated from the gate electrode;

source and drain electrodes that are insulated from the gate
electrode and contact the active layer;

an insulating layer between the active layer and the source
and drain electrodes;
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a light blocking layer that is on the active layer, the light
blocking layer including at least one of manganese-
doped barium titanate, titanium nitride, and electrochro-
mic nickel oxide; and

an organic light emitting device that is electrically con-
nected to one of the source and drain electrodes.

2. The organic light emitting display as claimed in claim 1,

wherein the light blocking layer blocks blue light.

3. The organic light emitting display as claimed in claim 1,
wherein the light blocking layer is on the insulating layer.

4. The organic light emitting display as claimed in claim 3,
wherein the light blocking layer is directly on the insulating
layer.

5. The organic light emitting display as claimed in claim 3,
further comprising a passivation layer covering the gate insu-
lating layer, the source and drain electrodes, and the insulat-
ing layer,

wherein the light blocking layer is on the passivation layer.

6. The organic light emitting display as claimed in claim 1,
wherein the light blocking layer is disposed on a path of light
that is emitted from the organic light emitting device, which
path of light is incident to the active layer.

7. The organic light emitting display as claimed in claim 1,
wherein at least a portion of light emitted from the organic
light device is reflected by the light blocking layer.

8. The organic light emitting display as claimed in claim 1,
wherein the active layer includes an oxide semiconductor.

9. The organic light emitting display as claimed in claim 1,
wherein light emitted from the organic light emitting device is
emitted toward the substrate.

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

forming a gate electrode on a substrate;

forming an active layer insulated from the gate electrode;

forming source and drain electrodes that are insulated from
the gate electrode and contact the active layer;

forming an insulating layer, the insulating layer being
between the active layer and the source and drain elec-
trodes;

forming a light blocking layer on the active layer, the light
blocking layer covering at least a channel area of the
active layer, the light blocking layer including at least
one of manganese-doped barium titanate, titanium
nitride, and electrochromic nickel oxide; and

forming an organic light emitting device that is electrically
connected to the source and drain electrodes.

11. The method as claimed in claim 10, further comprising:

forming a gate insulating layer on the substrate to cover the
gate electrode;

forming the active layer on the gate insulating layer;

forming the insulating layer covering at least a channel area
of the active layer; and

forming the light blocking layer on the insulating layer so
as to cover at least the channel area of the active layer.

12. The method as claimed in claim 10, further comprising:

forming a gate insulating layer on the substrate to cover the
gate electrode;

forming the active layer on the gate insulating layer;

forming the insulating layer covering at least a channel area
of the active layer;

forming the source and drain electrodes on the insulating
layer to contact the active layer;

forming a passivation layer to cover the gate insulating
layer, the source and drain electrodes, and the insulating
layer; and

forming the light blocking layer on the passivation layer so
as to cover at least the channel area of the active layer.

13. The method as claimed in claim 10, wherein the light
blocking layer blocks blue light.
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14. The method as claimed in claim 10, wherein the light
blocking layer is disposed on a path of light that is emitted
from the organic light emitting device, which path is incident
to the channel area.

15. The method as claimed in claim 10 , wherein at least a
portion of light emitted from the organic light device is
reflected by the light blocking layer.

16. The method as claimed in claim 10, wherein light
emitted from the organic light emitting device is emitted
toward the substrate.

17. The method as claimed in claim 10, wherein the active
layer includes an oxide semiconductor.
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