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METHOD OF MANUFACTURING ORGANIC
LIGHT EMITTING DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application is a continuation of pending appli-
cation Ser. No. 14/526,888 filed Oct. 29, 2014, which is a
division of application Ser. No. 13/591,500, filed Aug. 22,
2012, now U.S. Pat. No. 8,878,192 B2 issued Nov. 4, 2014,
the entire contents of which is hereby incorporated by
reference.

[0002] This application claims the benefit of Korean Pat-
ent Application No. 10-2011-0134464, filed on Dec. 14,
2011, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0003] 1. Field

[0004] An aspect of example embodiments relates to an
organic light emitting display apparatus and a method of
manufacturing the organic light emitting display apparatus.
[0005] 2. Description of the Related Art

[0006] Display apparatuses are recently being replaced by
thin flat panel display apparatuses that are portable. Organic
light-emitting display apparatuses from among flat panel
display apparatuses are self-emission display apparatuses
and have a larger viewing angle, better contrast character-
istics, and a faster response rate than other display appara-
tuses, and thus have drawn attention as next-generation
display apparatuses.

[0007] Organic light emitting display apparatuses have an
intermediate layer, a first electrode, and a second electrode.
The intermediate layer includes an organic emission layer,
and the organic emission layer generates visible light when
the first electrode and the second electrode are supplied with
a voltage.

SUMMARY

[0008] Example embodiments provide an organic light
emitting display apparatus and a method of manufacturing
the organic light emitting display apparatus, by which emis-
sion properties of blue light may be improved.

[0009] According to an aspect of the example embodi-
ment, there is provided an organic light-emitting display
apparatus, including a substrate including a plurality of red,
green, and blue sub-pixel regions, a pixel electrode in each
of the plurality of the red, green, and blue sub-pixel regions
on the substrate, a Distributed Bragg Reflector (DBR) layer
between the substrate and the pixel electrodes, a high-
refractive index layer between the substrate and the DBR
layer in the blue sub-pixel region, the high-refractive index
layer having a smaller area than an area of a corresponding
pixel electrode in the blue sub-pixel region, an intermediate
layer including an emissive layer on the pixel electrode, and
an opposite electrode on the intermediate layer.

[0010] The DBR layer may be formed by alternately
stacking a first layer and a second layer that have different
refractive indices.

[0011] The refractive index of the first layer may be
smaller than the refractive index of the second layer.
[0012] The first layer may be formed of silicon oxide and
the second layer may be formed of silicon nitride.
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[0013] The high-refractive index layer may have a refrac-
tive index greater than the refractive index of the DBR layer.

[0014] The high-refractive index layer may be formed of
polysilicon.
[0015] The organic light-emitting display apparatus may

further include an auxiliary layer interposed between the
substrate and the DBR layer.

[0016] The auxiliary layer may be formed of silicon oxide.
[0017] Thehigh-refractive index layer may be disposed on
the auxiliary layer.

[0018] According to another aspect of the example
embodiment, there is provided an organic light-emitting
display apparatus including a thin film transistor (TFT) on a
substrate, the TFT having an active layer, a gate electrode
insulated from the active layer, the gate electrode including
a lower gate electrode and an upper gate electrode, an
interlayer insulation layer covering the gate electrode, and a
source electrode and a drain electrode on the interlayer
insulation layer, the source and drain electrodes contacting
the active layer, an organic light-emitting device on the
substrate, the organic light-emitting device including a
stacked structure of a pixel electrode electrically connected
to the TFT, an intermediate layer including an emissive
layer, and an opposite electrode, a DBR layer between the
active layer and the gate electrode of the TFT, and a
high-refractive index layer between the substrate and the
DBR layer, the high-refractive index layer having a smaller
area an area of the pixel electrode.

[0019] Thehigh-refractive index layer may be disposed on
the substrate so as to face the pixel electrode of a blue
sub-pixel for emitting blue light, the pixel electrode included
in the organic light-emitting device.

[0020] The high-refractive index layer may have a refrac-
tive index greater than a refractive index of the DBR layer.

[0021] The high-refractive index layer may be formed of
polysilicon.
[0022] The organic light-emitting display apparatus may

further include an auxiliary layer interposed between the
substrate and the DBR layer.

[0023] The auxiliary layer may be formed of silicon oxide.
[0024] The high-refractive index layer may be disposed on
the auxiliary layer.

[0025] The DBR layer may be formed by alternately
stacking a first layer and a second layer that have different
refractive indices.

[0026] The refractive index of the first layer may be
smaller than the refractive index of the second layer.
[0027] The first layer may be formed of silicon oxide and
the second layer may be formed of silicon nitride.

[0028] The high-refractive index layer may be formed of
a material same as a material used to form the active layer.
[0029] Thehigh-refractive index layer may be disposed on
the same layer as the layer on which the active layer is
formed.

[0030] The organic light-emitting display apparatus may
further include a capacitor comprising a lower capacitor
electrode formed in the same layer as the layer in which the
active layer is formed and an upper capacitor electrode
formed on the DBR layer, the capacitor electrically coupled
to the TFT.

[0031] Thehigh-refractive index layer may be disposed on
the same layer as the layer on which the active layer and the
lower capacitor electrode are formed.
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[0032] The high-refractive index layer may be formed of
the same material as a material used to form the active layer
and the lower capacitor electrode.

[0033] According to another aspect of the example
embodiment, there is provided a method of manufacturing
an organic light-emitting display apparatus including a first
mask process of forming an active layer of a TFT and a
high-refractive index layer on a substrate, a second mask
process of forming a gate electrode of the TFT and a first
electrode unit for forming a pixel electrode on the substrate,
a third mask process of forming an interlayer insulation
layer, the interlayer insulation layer including contact holes
exposing edges of the active layer and a hole exposing a part
of the first electrode unit, a fourth mask process of forming
a source electrode and a drain electrode that contact the
active layer via the contact holes and forming the pixel
electrode from the first electrode unit, and a fifth mask
process of forming a pixel definition layer exposing at least
a part of the pixel electrode.

[0034] The first mask process may include: forming an
amorphous silicon layer on the substrate, forming a poly-
silicon layer by crystallizing the amorphous silicon layer,
and forming the active layer and the high-refractive index
layer by patterning the polysilicon layer.

[0035] Before the forming of the amorphous silicon layer,
the method may further include forming an auxiliary layer
on the substrate, wherein the active layer and the high-
refractive index layer are disposed on the auxiliary layer.
[0036] The second mask process may include: forming a
DBR layer on the substrate to cover the active layer and the
high-refractive index layer, sequentially forming a first
conductive layer and a second conductive layer on the DBR
layer, and forming the gate electrode including the first
conductive layer as a lower gate electrode and the second
conductive layer as an upper gate electrode, by patterning
the first conductive layer and the second conductive layer.
[0037] The DBR layer may be formed by alternately
stacking a first layer and a second layer that have different
refractive indices.

[0038] The refractive index of the first layer may be
smaller than the refractive index of the second layer.
[0039] The first layer may be formed of silicon oxide and
the second layer may be formed of silicon nitride.

[0040] The high-refractive index layer may have a refrac-
tive index greater than a refractive index of the DBR layer.
[0041] The first mask process may further include: form-
ing a lower capacitor electrode on the substrate in the same
layer as the layer in which the active layer and the high-
refractive index layer are formed, and forming an upper
capacitor electrode over the lower capacitor electrode.
[0042] In the second mask process, the DBR layer may be
formed on the substrate to cover the lower capacitor elec-
trode.

[0043] The fourth mask process may include: forming a
third conductive layer on the interlayer insulation layer,
forming the source electrode and the drain electrode by
patterning the third conductive layer, and forming a pixel
electrode comprising the first conductive layer, by removing
the second conductive layer constituting the first electrode
unit.

[0044] The third mask process may include: forming an
intermediate layer on the first electrode unit and the gate
electrode, and forming a hole via which a part of the first
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electrode unit is exposed, and the contact holes, by pattern-
ing the interlayer insulation layer.

[0045] The fifth mask process may include: forming an
insulation layer on an entire surface of the substrate to cover
the source electrode and the drain electrode, and forming the
pixel definition layer by patterning the insulation layer.
[0046] After the fifth mask process, the method may
further include forming an intermediate layer comprising an
emissive layer, and an opposite electrode on an upper
surface of the pixel electrode.

[0047] The high-refractive index layer may be formed on
the substrate so as to correspond to the pixel electrode.
[0048] The high-refractive index layer may be formed to
be smaller than the pixel electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] The above and other features and advantages of the
example embodiments will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the attached drawings, in which:

[0050] FIG. 1 is a schematic cross-sectional view of an
organic light emitting display apparatus according to an
embodiment;

[0051] FIG. 2 is a schematic cross-sectional view of an
organic light emitting display apparatus according to another
embodiment; and

[0052] FIGS. 3 through 10 are cross-sectional views of
stages in a method of manufacturing the organic light
emitting display apparatus shown in FIG. 2.

DETAILED DESCRIPTION

[0053] Example embodiments will now be described more
fully with reference to the accompanying drawings, in which
aspects of embodiments are shown. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items. Expressions such as “at least
one of,” when preceding a list of elements, modify the entire
list of elements and do not modify the individual elements
of the list.

[0054] FIG. 11is a cross-sectional view of an organic light
emitting display apparatus 100 according to an embodiment.
Referring to FIG. 1, the organic light-emitting display appa-
ratus 100 includes a first substrate 10a and red (R), green
(G), and blue (B) sub-pixel regions R, G, and B formed on
the first substrate 10a.

[0055] The first substrate 10a may be, for example, a
transparent glass substrate, a plastic substrate, or a metal
foil. In another example, a substrate which is used in organic
light emitting display apparatuses having a high mechanical
strength, high thermal stability, high transparency, high
surface smoothness, high handling easiness, and a high
waterproof property may be used as the first substrate 10a.
As illustrated in FIG. 1, the first substrate 10a may include
at least one thin film transistor (TFT) and/or at least one
capacitor in each of the R, G, and B sub-pixel regions R, G,
and B, and the TFT and the capacitor may constitute a pixel
circuit.

[0056] A second substrate 1056 may be an encapsulation
substrate disposed on the first substrate 10a to protect the
TFTs, light-emitting pixels, and the like formed on the first
substrate 10a from external moisture, air, and the like. The
second substrate 105 is positioned to face the first substrate
104, and the first substrate 10a and the second substrate 105
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are joined together by a sealing member (not shown) dis-
posed along the edge of the second substrate 105 The
second substrate 105 may be, e.g., a glass substrate or a
plastic substrate.

[0057] An auxiliary layer 11, for example, a barrier layer,
a blocking layer, and/or a buffer layer, may be formed on an
upper surface of the first substrate 10a to prevent diffusion
of impurity ions and penetration of moisture or external air
and to planarize the upper surface of the first substrate 10a.
The auxiliary layer 11 may be formed using, for example,
Si0, and/or SiN_, according to any of various deposition
methods, for example, plasma enhanced chemical vapor
deposition (PECVD), atmospheric pressure CVD (APCVD),
and low pressure CVD (LPCVD). For example, the auxiliary
layer 11 formed of SiO, may have a thickness in the range
of about 300 A to about 400 A.

[0058] A distributed Bragg reflector (DBR) layer 12 may
be formed on, e.g., directly on, the auxiliary layer 11. The
DBR layer 12 may be formed by stacking a first layer 12a
and a second layer 126 on, e.g., directly on, the auxiliary
layer 11, e.g., the first layer 124 may be between directly
between the auxiliary layer 11 and the second layer 125. The
first layer 12a and the second layer 125 have different
refractive indices. For example, the refractive index of the
first layer 12a may be smaller than that of the second layer
12b. For example, the first layer 12a may be formed of
silicon oxide (Si0,), and the second layer 126 may be
formed of silicon nitride (SiN, ). Although the first layer 12a
and the second layer 125 are stacked in FIG. 1, the example
embodiments are not limited thereto, and the first layer 12a
and the second layer 125 may be stacked alternately with
each other in three or more layers.

[0059] Since a layer having a small refractive index (for
example, the first layer 124) and a layer having a large
refractive index (for example, the auxiliary layer 11 and the
second layer 124) alternate with each other, the auxiliary
layer 11 and the DBR laver 12 generate resonance due to a
difference between their refractive indices. Thus, light effi-
ciency and color purity may be improved.

[0060] A high-refractive index layer 19 may be formed in
the B sub-pixel region B to be interposed between the
auxiliary layer 11 and the DBR layer 12, e.g., the high-
refractive index layer 19 may be interposed between the
auxiliary layer 11 and the first layer 12a. The high-refractive
index layer 19 has a refractive index greater than that of the
DBR layer 12, e.g., a refractive index greater than either of
the first and second layers 12a¢ and 125. The high-refractive
index layer 19 may be formed of| e.g., polysilicon.

[0061] Thehigh-refractive index layer 19 may be disposed
in the B sub-pixel region B and may be formed to have an
area less than that of a blue pixel electrode 43B. For
example, the blue pixel electrode 43B may overlap the entire
high-refractive index layer 19, and the high-refractive index
layer 19 may overlap only a portion of the blue pixel
electrode 43B. For example, a part of the blue pixel elec-
trode 43B, ie., a region Bl, includes the DBR layer 12
without the high-refractive index layer 19, and another part
of the blue pixel electrode 43B (a region B2 in FIG. 1), e.g.,
a remaining part of the blue pixel electrode 43B, includes
both the DBR layer 12 and the high-refractive index layer
19. Since weak resonance is generated by the DBR layer 12
in the region B1, the luminance of blue light and a Moiré
phenomenon may be improved. In the region B2 including
the high-refractive index layer 19, since the high-refractive
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index layer 19 has a refractive index higher than that that of
the DBR layer 12, color reproducibility of blue light may be
improved.

[0062] First electrodes 43R, 43G, and 43B and a second
electrode 45 that face each other are formed above the first
substrate 10a. The first electrodes 43R, 43G, and 43B may
be formed in R, G, and B subpixels, respectively, and may
be an anode or a cathode. The second electrode 45 may
functions as an anode or a cathode by corresponding to the
first electrodes 43R, 43G, and 43B. The second electrode 45
may be formed on intermediate layers 44R, 44G, and 44B by
vacuum deposition, sputtering, or the like.

[0063] When the organic light-emitting display apparatus
100 is a bottom emission type displaying an image toward
the first substrate 10q, the first electrodes 43R, 43G, and 43B
may be transparent electrodes and the second electrode 45 is
a reflective electrode. The first electrodes 43R, 43G, and
43B may be formed of, for example, 1TO, 170, Zn0O, or
In,0O; having a high work function, and the second electrode
45 may be formed of a metal having a low work function
such as silver (Ag), magnesium (Mg), aluminum (Al),
platinum (Pt), palladium (Pd), gold (Au), nickel (Ni), neo-
dymium (Nd), iridium (Ir), chromium (Cr), lithium (Li), or
a compound or alloy of these materials.

[0064] When the organic light-emitting display apparatus
100 is a dual emission type, the first electrodes 43R, 43G,
and 43B and the second electrode 45 may be all transparent
electrodes.

[0065] When the first substrate 10a includes TFTs as
described above, the first electrodes 43R, 43G, and 43B
formed in corresponding sub-pixels may be electrically
connected to TFTs of the sub-pixels, respectively. In this
case, the second electrode 45 may be formed of a common
electrode that extends across all subpixels.

[0066] When the first substrate 10a includes no TFTs in
each sub-pixel, the first electrodes 43R, 43G, and 43B and
the second electrode 45 are formed in strips so that the first
electrodes 43R, 43G, and 43B intersect the second electrode
45, and thus may be driven in a Passive Matrix (PM)
manner.

[0067] The intermediate layers 44R, 44G, and 44B may be
interposed between the first electrode 43R and the second
electrode 45, between the first electrode 43G and the second
electrode 45, and between the first electrode 43B and the
second electrode 45, respectively. The intermediate layers
44R, 44G, and 44B may be formed by stacking an organic
emissive layer (EML) and at least one functional layer of a
hole injection layer (HIL), a hole transport layer (HTL), an
electron transport layer (ETL), and an electron injection
layer (EIL).

[0068] Pixel defining layers 16 may be formed on the first
electrodes 43R, 43G, and 43B so as to cover upper ends and
lateral surfaces of the first electrodes 43R, 43G, and 43B.
The pixel defining layers 16 may have an organic material
multi-layered structure, an inorganic material multi-layered
structure, or an inorganic/organic material complex multi-
layered structure. Silicon oxide (Si0,), silicon nitride
(SiN,), silicon oxynitride, or the like may be used as an
inorganic material used to form the pixel defining layers 16.
An organic insulation material, such as an acryl-based
organic compound, polyimide, or polyamide may be used as
an organic material used to form the pixel defining layers 16.
[0069] FIG. 2 is a schematic cross-sectional view of an
organic light emitting display apparatus 1 according to
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another embodiment. Referring to FIG. 2, the organic light-
emitting display apparatus 1 includes a first substrate 10
including a plurality of light-emitting pixels, and a second
substrate (not shown) attached to the first substrate 10 by
sealing.

[0070] A TFT, an organic light-emitting diode (EL), a
capacitor Cst, and the like may be formed on the first
substrate 10. The first substrate 10 may be, e.g., a low
temperature polycrystalline silicon (CTPS) substrate, a glass
substrate, a plastic substrate, or the like.

[0071] The second substrate may be an encapsulation
substrate disposed on the first substrate 10 to protect the
TFT, the light-emitting pixels, and the like formed on the
first substrate 10 from external moisture, air, and the like.
The second substrate is positioned to face the first substrate
10, and the first substrate 10 and the second substrate are
joined together by a sealing member (not shown) disposed
along the edge of the second substrate. The second substrate
may be, e.g., a glass substrate or a plastic substrate.

[0072] The organic light-emitting display apparatus 1 is
divided into a transistor region 2, a storage region 3, and a
light-emitting region 4, on the first substrate 10. The light-
emitting region 4 of F1G. 2 represents a B sub-pixel region.

[0073] The auxiliary layer 11, for example, a barrier layer,
a blocking layer, and/or a buffer layer, may be formed on an
upper surface of the first substrate 10 to prevent diffusion of
impurity ions and penetration of moisture or external air and
to planarize the upper surface of the first substrate 10. The
auxiliary layer 11 may be formed of SiO,.

[0074] The transistor region 2 includes the TFT serving as
a driving device. The TFT includes an active layer 21, a gate
electrode 20, a source electrode 29, and a drain electrode 27.

[0075] The gate electrode 20 includes a lower gate elec-
trode 23 and an upper gate electrode 25 formed on an upper
surface of the lower gate electrode 23. The lower gate
electrode 23 may be formed of a transparent conductive
material. Examples of the transparent conductive material
may include at least one of indium tin oxide (ITO), indium
zine oxide (I1Z0), zinc oxide (Zn0), indium oxide (In,O,),
indium gallium oxide (IGO), and aluminum zinc oxide
(AZ0). The upper gate electrode 25 may have a single- or
multi-layered structure including a metal or a metal alloy,
such as Mo, MoW, or an Al-based alloy.

[0076] The DBR layer 12 is interposed between the gate
electrode 20 and the active layer 21 to insulate the gate
electrode 21 from the active layer 21. The DBR layer 12 may
be formed by stacking the first layer 12a and the second
layer 125. The first layer 12a and the second layer 124 have
different refractive indices. For example, the refractive index
of the first layer 12a may be smaller than that of the second
layer 12b. The first layer 12a may be formed of silicon oxide
(810,), and the second layer 126 may be formed of silicon
nitride (SiN,). Although the first layer 124 and the second
layer 124 are stacked in FIG. 2, the first layer 12a and the
second layer 12b may be stacked alternately with each other
in three or more layers.

[0077] Since a layer having a small refractive index (for
example, the first layer 12a) and a layer having a large
refractive index (for example, the auxiliary layer 11 and the
second layer 12b) alternate with each other, the auxiliary
layer 11 and the DBR layer 12 generate resonance due to a
difference between the refractive indices of these layers and
thus may improve light efficiency and color purity.
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[0078] The high-refractive index layer 19 may be formed
in the light-emitting region 4 as a B sub-pixel region to be
interposed between the auxiliary layer 11 and the DBR layer
12. The high-refractive index layer 19 may be interposed
between the auxiliary layer 11 and the first layer 12a. The
high-refractive index layer 19 has a refractive index greater
than that of the DBR layer 12. The high-refractive index
layer 19 may be formed on the same layer as, e.g., at a same
distance from an upper surface of the substrate 10 as, the
layer on which the active layer 21 of the TFT is formed. The
high-refractive index layer 19 may be formed of a same
material, e.g., same polysilicon, as the active layer 21.
[0079] Thehigh-refractive index layer 19 may be disposed
in the B sub-pixel region 4 and may be formed to have an
area less than that of a blue pixel electrode 43B. For
example, a part of the light-emitting region 4 as the B
sub-pixel region includes the DBR layer 12 without the
high-refractive index layer 19, and the remaining part of the
light-emitting region 4 includes both the DBR layer 12 and
the high-refractive index layer 19. Since weak resonance is
generated by the DBR layer 12 in the part of the light-
emitting region 4 including the DBR layer 12 without the
high-refractive index layer 19, the luminance of blue light
and a Moiré phenomenon may be improved. In the part of
the light-emitting region 4 including the high-refractive
index layer 19, since the high-refractive index layer 19 has
a refractive index higher than that that of the DBR layer 12,
the color reproducibility of blue light may be improved.
[0080] A source area 21s and a drain area 21 d doped with
highly-concentrated impurities are formed on both edges,
respectively, of the active layer 21, and are connected to the
source and drain electrodes 29 and 27, respectively.

[0081] The storage region 3 includes the capacitor Cst.
The capacitor Cst includes a lower capacitor electrode 31
and an upper capacitor electrode 33, and the DBR layer 12
is interposed between the lower capacitor electrode 31 and
the upper capacitor electrode 33. The lower capacitor elec-
trode 31 may be formed on the same layer as the layer on
which the active layer 21 of the TFT is formed. The lower
capacitor electrode 31 is formed of a semiconductor mate-
rial, and is doped with impurities to increase electrical
conductivity. The upper capacitor electrode 33 may be
formed on the same layer as the layer on which the lower
gate electrode 23 of the TFT and the blue pixel electrode
43B, which constitutes the EL, are formed. In other words,
the upper capacitor electrode 33 may be formed of a
transparent conductive material, like the lower gate elec-
trode 23.

[0082] The light-emitting region 4 includes the EL. The
EL includes the blue pixel electrode 43B connected to the
source or drain electrode 29 or 27 of the TFT, an opposite
electrode 45 formed to face the blue pixel electrode 43B, and
an intermediate layer 44B interposed between the blue pixel
electrode 43B and the opposite electrode 45. The blue pixel
electrode 43B may be formed of a transparent conductive
material, or may be formed of the same material as that used
to form the lower gate electrode 23 or the like on the same
layer as that on which the lower gate electrode 23 or the like
is formed.

[0083] FIGS. 3 through 10 are cross-sectional views of
stages in a method of manufacturing the organic light
emitting display apparatus 1 of FIG. 2. The method of
manufacturing the organic light emitting display apparatus 1
of FIG. 2 will now be described schematically.
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[0084] First, as shown in FIG. 2, the auxiliary layer 11 is
formed on the first substrate 10. For example, the first
substrate 10 may be formed of a transparent glass material
containing SiO, as a main component. However, the first
substrate 10 is not limited thereto. The first substrate 10 may
be any substrate formed of various materials, for example, a
transparent plastic, a metal, or the like.

[0085] The auxiliary layer 11, for example, a barrier layer,
a blocking layer, and/or a buffer layer, may be formed on an
upper surface of the first substrate 10 to prevent diffusion of
impurity ions and penetration of moisture or external air and
to planarize the upper surface of the first substrate 10. The
auxiliary layer 11 may be formed using, for example, SiO,
and/or SiN,, according to any of various deposition meth-
ods, for example, PECVD, APCVD, and LPCVD.

[0086] Next, as shown in FIG. 3, the high-refractive index
layer 19, the active layer 21 of the TFT, and the lower
capacitor electrode 31 are formed on an upper surface of the
auxiliary layer 11. In detail, an amorphous silicon layer (not
shown) is first formed on the upper surface of the auxiliary
layer 11 and then crystallized to generate a polycrystalline
silicon layer (not shown). Amorphous silicon may be crys-
tallized using any of various methods such as rapid thermal
annealing (RTA), solid phase crystallization (SPC), excimer
laser annealing (ELA), metal induced crystallization (MIC),
metal induced lateral crystallization (MILC), and sequential
lateral solidification (SLS). The polycrystalline silicon layer
is patterned, e.g., simultaneously, to form the high-refractive
index layer 19, the active layer 21 of the TFT, and the lower
capacitor electrode 31 in respective regions 4, 2, and 3, by
using a mask process using a first mask (not shown). It is
noted that although the active layer 21 and the lower
capacitor electrode 31 are separated from each other in the
present embodiment, the active layer 21 and the lower
capacitor electrode 31 may be integrally formed.

[0087] Next, as shown in FIG. 4, the DBR layer 12, a first
conductive layer (not shown), and a second conductive layer
(not shown) are sequentially formed on the entire surface of
the first substrate 10 on which the high-refractive index layer
19, the active layer 21, and the lower capacitor electrode 31
have been formed.

[0088] The DBR layer 12 is formed by stacking the first
layer 12a and the second layer 12b. The first layer 12¢ and
the second layer 125 have different refractive indices. For
example, the refractive index of the first layer 12a may be
less than that of the second layer 125. The first layer 12a
may be formed of silicon oxide (Si0O,), and the second layer
126 may be formed of silicon nitride (SiNO. Although the
first layer 124 and the second layer 124 are stacked in FIG.
4, the first layer 12a and the second layer 126 may be
stacked alternately with each other in three or more layers.

[0089] Since a layer having a small refractive index (for
example, the first layer 12a) and a layer having a large
refractive index (for example, the second layer 125) alter-
nate with each other, the DBR layer 12 generate resonance
due to a difference between the refractive indices of these
layers and thus may improve light efficiency and color
purity.

[0090] The DBR layer 12 may be formed according to a
method such as PECVD, APCVD, or LPCVD. The DBR
layer 12 is disposed between the active layer 21 and the gate
electrode 20 of the TFT to serve as a gate insulation layer of
the TFT, and also disposed between the upper capacitor
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electrode 33 and the lower capacitor electrode 31 to serve as
a dielectric layer of the capacitor Cst.

[0091] The first conductive layer (not shown) may include
at least one transparent material, e.g., at least one of 1TO,
170, ZnO, and In,0;. Thereafter, the first conductive layer
may be patterned to form the blue pixel electrode 43B, the
lower gate electrode 23, and the upper capacitor electrode
33.

[0092] The second conductive layer (not shown) may
include at least one of silver (Ag), magnesium (Mg), alu-
minum (Al), platinum (Pt), palladium (Pd), gold (Au), nickel
(Ni), neodymium (Nd), iridium (Ir), chromium (Cr), lithium
(Li), calcium (Ca), molybdenum (Mo), titanium (Ti), tung-
sten (W), MoW, and copper (Cu). For example, the second
conductive layer may have a three-layered structure, e.g., a
Mo/Al/Mo structure. It is noted, however, that the first
conductive layer may include a high corrosion-resistant
material compared to the second conductive layer, so the
second conductive layer may include a material that has less
resistance than the material of the first conductive layer to
smoothly transmit a current.

[0093] Next, as illustrated in FIG. 5, the first and second
conductive layers may be patterned to form the gate elec-
trode 20 in region 2, a first electrode unit 40 in region 4, and
a second electrode unit 30 in region 3 of the first substrate
10. In detail, the first conductive layer and the second
conductive layer sequentially stacked on the entire surface
of the first substrate 10 may be patterned according to a
mask process using a second mask (not shown).

[0094] The gate electrode 20 is formed over the active
layer 21 in the transistor region 2 and includes the lower gate
electrode 23 formed of a part of the first conductive layer
and the upper gate electrode 25 formed of a part of the
second conductive layer. The gate electrode 20 is formed to
be aligned with the center of the active layer 21, and the
active layer 21 is doped with n-type or p-type impurities by
using the gate electrode 20 as a self-aligned mask to form the
source and drain areas 21s and 214 on an edge of the active
layer 21 corresponding to both sides of the gate electrode 20
and to form a channel area 21¢ between the source/drain
areas 21s and 21d. The impurities may be boron (B) ions or
phosphorus (P) ions.

[0095] The second electrode unit 30 for forming the upper
capacitor electrode 33 is formed over the lower capacitor
electrode 31 in the storage region 3, and the first electrode
unit 40 for forming the blue pixel electrode 43B is formed
in the light-emitting region 4. For example, the second
conductive layer is patterned to form simultaneously the
second gate electrode 25 with a second patterned conductive
layer on each of the upper capacitor electrode 33 and the
blue pixel electrode 43B.

[0096] Next, as illustrated in FIG. 6, an interlayer insula-
tion layer 14 is formed on the entire surface of the first
substrate 10 on which the gate electrode 20 has been formed.
For example, the interlayer insulation layer 14 is formed of
at least one organic insulation material, e.g., at least one of
polyimide, polyamide, acryl resin, benzocyclobutene (BCB)
and a phenolic resin by using a method such as spin coating.
The interlayer insulation layer 14 is formed to have a
sufficient thickness, for example, to be thicker than the DBR
layer 12, and insulates the gate electrode 20 of the TFT from
the source and drain electrodes 29 and 27 of the TFT. The
interlayer insulation layer 14 may be formed of not only the
above-described organic insulation material, but also of an
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inorganic insulation material such as the above-described
inorganic material used to form the DBR layer 12. Alterna-
tively, the interlayer insulation layer 14 may be formed by
alternating an organic insulation material with an inorganic
insulation material.

[0097] Next, as illustrated in FIG. 7, the interlayer insu-
lation layer 14 is patterned to form holes (a third hole 1-13,
a fourth hole H4, and a fifth hole H5) exposing the second
and first electrode unit 30 and 40 and contact holes (a first
hole H1 and a second hole H2) exposing parts of the source
and drain areas 21s and 214 of the active layer 21.

[0098] In detail, the interlayer insulation layer 14 is pat-
terned according to a mask process using a third mask (not
shown) to thereby form the contact holes H1 and H2 and the
holes H3, H4, and H5. The first hole H1 and the second hole
H2 expose parts of the source and drain areas 21s and 214,
respectively, and the third hole H3 and the fourth hole 1-14
expose at least a part of the first electrode unit 40. The fifth
hole H5 exposes at least a part of the second electrode unit
30.

[0099] Next, as illustrated in FIG. 8, a third conductive
layer 17 is formed on the entire surface of the first substrate
10 so as to cover the interlayer insulation layer 14. The third
conductive layer 17 may be formed of one of the conductive
materials used to form the first and second conductive
layers, but the third conductive layer 17 is not limited thereto
and may be formed of any of various other suitable con-
ductive materials. The selected conductive material is
deposited to a sufficient thickness enough to fill the contact
holes H1 and H2 and the holes H3, H4, and H5.

[0100] Next, as illustrated in FIG. 9, the third conductive
layer 17 of FIG. 8 is patterned to form the source and drain
electrodes 29 and 27 and to expose the blue pixel electrode
43B and the upper capacitor electrode 33. In detail, the
fourth conductive layer 17 of FIG. 8 is patterned according
to a mask process using a fourth mask (not shown) to
thereby form the source and drain electrodes 29 and 27.

[0101] One electrode selected from the source and drain
electrodes 29 and 27 (for example, the drain electrode 27 in
FIG. 9) is formed to contact the blue pixel electrode 43B via
the third hole H3 in an edge area of the second conductive
layer corresponding to an upper portion of the first electrode
unit 40 of FIG. 7 in which the blue pixel electrode 43B is to
be formed.

[0102] The blue pixel electrode 43B and the upper capaci-
tor electrode 33 are formed by removing parts of the second
conductive layer, at the same time when the third conductive
layer 17 is patterned to form the source and drain electrodes
29 and 27 are formed. However, the example embodiments
are not limited thereto, and the blue pixel electrode 43B and
the upper capacitor electrode 33 may be formed via addi-
tional etching after the source and drain electrodes 29 and 27
are formed. In detail, the blue pixel electrode 43B may be
formed by removing a portion of the second conductive
layer thereon exposed via the fourth hole H4. The upper
capacitor electrode 33 may be formed by removing a portion
of the second conductive layer exposed via the third hole
H3.

[0103] The lower gate electrode 23, the upper capacitor
electrode 33, and the blue pixel electrode 43B are formed of
the same material.

[0104] The lower capacitor electrode 31 may be doped by
injecting n-type or p-type impurities thereinto via the fifth
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hole H5. The impurities used for the above-described doping
may be identical to or different from those used to dope the
active layer 21.

[0105] Next, as illustrated in FIG. 10, a pixel definition
layer (PDL) 16 is formed on the first substrate 10. In detail,
the PDL 16 is formed on the entire surface of the first
substrate 10 on which the blue pixel electrode 43B, the
source and drain electrodes 29 and 27, and the upper
capacitor electrode 33 have been formed. For example, the
PDL 16 may be formed of at least one organic insulation
material, e.g., at least one of polyimide, polyamide (PA),
acryl resin, benzocyclobutene (BCB) and a phenolic resin by
using a method such as spin coating. In another example, the
PDL 16 may be formed of, e.g., only, an inorganic insulation
material, e.g., at least one of SiO,, SiN,, Al,O;, CuO,,
Tb,0,, Y,0;, Nb,O,, Pr,0;, and TiOx. In yet another
example, the PDL 16 may have a multi-layered structure by
alternating an organic insulation material with an inorganic
insulation material.

[0106] The PDL 16 is patterned according to a mask
process using a fifth mask (not shown) to thereby form a
sixth hole H6 exposing a center portion of the blue pixel
electrode 43B. In this way, a pixel is defined.

[0107] Thereafter, as illustrated in FIG. 2, the intermediate
layer 44B including an emission layer, and the opposite
electrode 45 are formed in the sixth hole H6 exposing the
blue pixel electrode 43B.

[0108] The intermediate layer 44B may be formed by
stacking an organic emissive layer (EML) and at least one of
a hole injection layer (HIL), a hole transport layer (HTL), an
electron transport layer (ETL), and an electron injection
layer (EIL). The organic EML may be formed of a low-
molecular weight organic material or a high-molecular
weight organic polymer.

[0109] When the organic EML is formed of the low-
molecular weight organic material, the intermediate layer
44B is obtained by stacking the HTL, the HIL, and the like
on a surface of the organic EML facing the blue pixel
electrode 43B, and the ETL, the EIL, and the like on a
surface of the organic EML facing the opposite electrode 45.
Various other suitable layers may be stacked if necessary.
Examples of organic materials that may be used to form the
organic EML include any of various suitable materials, e.g.,
copper phthalocyanine (CuPc), N, N'-Di(naphthalene-1-yl)-
N,N'-diphenyl-benzidine (NPB), and tris-8-hydroxyquino-
line aluminum (Alg3).

[0110] On the other hand, when the organic emissive layer
is formed of a high-molecular weight organic polymer, the
intermediate layer 44B may be formed by stacking only a
HTL on the surface of the organic EML facing the blue pixel
electrode 43B. The HTL may be formed of poly-(3,4)-
ethylene-dihydroxy thiophene (PEDOT), polyaniline
(PANI), or the like on the upper surface of the blue pixel
electrode 43B by inkjet printing or spin coating. High-
molecular weight organic polymers, e.g., polyphenylenevi-
nylenes (PPVs) and polyfluorenes, may be used as the
organic polymers forming the organic EML. A color pattern
may be formed by using a typical method such as inkjet
printing, spin coating, or a thermal transfer method using a
laser.

[0111] The opposite electrode 45 may be formed on the
entire surface of the first substrate 10 so as to serve as a
common electrode. In the organic light-emitting display
apparatus 1 according to the present embodiment, the blue
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pixel electrode 43B is used as an anode electrode, and the
opposite electrode 45 is used as a cathode electrode. Altet-
natively, the blue pixel electrode 43B may be used as a
cathode electrode, and the opposite electrode 45 may be
used as an anode electrode.

[0112] When the organic light-emitting display apparatus
1 is a bottom emission type displaying an image toward the
first substrate 10, the blue pixel electrode 43B is a transpar-
ent electrode and the opposite electrode 45 is a reflective
electrode. The reflective electrode may be formed by thinly
depositing a metal having a low work function, such as Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, or
a combination thereof.

[0113] A removal of a stacked layer during each mask
process performed to form an organic light emitting display
apparatus may be achieved by dry etching or wet etching.

[0114] In a bottom-emission type display apparatus and a
manufacturing method thereof according to an embodiment,
a resonance structure may be realized by the DBR layer 12,
and in particular, light characteristics of blue light, such as
luminance and color reproducibility, may be improved by
the high-refractive index layer 19 formed to be smaller than
a B sub-pixel region. Since the bottom-emission type dis-
play apparatus having this structure is manufactured using
only five (5) masks, the manufacturing of an organic light-
emitting display apparatus may be simplified and the manu-
facturing costs thereof may be reduced.

[0115] Although an organic light-emitting display appara-
tus is illustrated in the above-described embodiment, the
example embodiments are not limited thereto, and various
suitable display devices including a liquid crystal display
(LCD) may be used.

[0116] Although a single TFT and a single capacitor are
illustrated in the above-described embodiment, this illustra-
tion is only for convenience of explanation, and the example
embodiments are not limited thereto. As long as the number
of mask processes used is not increased, a plurality of TFTs
and a plurality of capacitors may be included. As such, the
number of masks to be used is reduced, as compared to
conventional methods, and emission properties of blue light
may be improved.

[0117] While the example embodiments has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the
spirit and scope of the example embodiments as defined by
the following claims.

1-24. (canceled)

25. A method of manufacturing an organic light-emitting

display apparatus, the method comprising:

a first mask process of forming an active layer of a TFT
and a refractive layer on a substrate;

forming a DBR layer covering the active layer and the
refractive layer;

a second mask process of simultaneously forming a gate
electrode of the TFT and a first electrode unit on the
DBR layer, such that the first electrode unit overlaps the
refractive layer;

forming an interlayer insulation layer covering the gate
electrode and the first electrode unit;
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a third mask process forming contact holes in the inter-
layer insulation layer and the DBR layer exposing
portions of the active layer and a hole exposing a part
of the first electrode unit;

a fourth mask process of forming a source electrode and
a drain electrode on the interlayer insulation layer that
contact the active layer via the contact holes and
forming a pixel electrode from the first electrode unit;
and

a fifth mask process of forming a pixel definition layer
exposing at least a part of the pixel electrode.

26. The method of claim 25, wherein the first mask

process includes:

forming an amorphous silicon layer on the substrate;

forming a polysilicon layer by crystallizing the amor-
phous silicon layer; and

forming simultaneously the active layer and the refractive
layer by patterning the polysilicon layer.

27. The method of claim 26, further comprising, before
forming the amorphous silicon layer, forming an auxiliary
layer on the substrate, the active layer and the refractive
layer being disposed on the auxiliary layer.

28. The method of claim 25, wherein the second mask
process includes:

sequentially forming a first conductive layer and a second
conductive layer on the DBR layer; and

forming the gate electrode including the first conductive
layer as a lower gate electrode and the second conduc-
tive layer as an upper gate electrode, by patterning the
first conductive layer and the second conductive layer.

29. The method of claim 25, wherein the DBR layer is
formed by alternately stacking a first layer and a second
layer that have different refractive indices.

30. The method of claim 29, wherein the refractive index
of the first layer is smaller than the refractive index of the
second layer.

31. The method of claim 29, wherein the first layer is
formed of silicon oxide and the second layer is formed of
silicon nitride.

32. The method of claim 29, wherein the refractive layer
has a refractive index greater than a refractive index of either
of the first and second layers of the DBR layer.

33. The method of claim 25, wherein the first mask
process further comprises:

forming a lower capacitor electrode on the substrate in the
same layer as the layer in which the active layer and the
refractive layer are formed.

34. The method of claim 33, wherein, in the forming of
the DBR layer, the DBR layer is formed on the substrate to
cover the lower capacitor electrode.

35. The method of claim 28, wherein the fourth mask
process includes:

forming a third conductive layer on the interlayer insu-
lation layer; and

patterning the third conductive layer to simultaneously
form the source electrode, form the drain electrode, and
remove a portion of the second conductive layer from
the first conductive layer in the first electrode unit, such
that the first conductive layer is exposed, wherein
removal of the portion of the second conductive layer
forms

the pixel electrode which includes the exposed first con-
ductive layer.

36. (canceled)
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37. The method of claim 25, wherein the fifth mask
process includes:

forming an insulation layer on an entire surface of the

substrate to cover the source electrode and the drain
electrode; and

forming the pixel definition layer by patterning the insu-

lation layer.

38. The method of claim 25, further comprising, after the
fifth mask process, forming an intermediate layer including
an emissive layer, and an opposite electrode on an upper
surface of the pixel electrode.

39. (canceled)

40. The method of claim 25, wherein the refractive layer
is formed to be smaller than the pixel electrode.

41. The method of claim 40, wherein forming the pixel
electrode includes forming the pixel electrode of sufficient
dimension such that the refractive layer overlaps only a
portion of the pixel electrode.
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42. The method of claim 25, wherein the substrate
includes a plurality of red, green, and blue sub-pixel regions,
and the refractive layer is formed only in blue sub-pixel
region among the red, green, and blue sub-pixel regions.

43. The method of claim 42, wherein a first portion of blue
light emitted from an emissive layer in the blue subpixel
region passes through the pixel electrode in the blue sub-
pixel, the DBR layer in the blue sub-pixel, and the substrate
in the blue sub-pixel, and another portion of the blue light
passes through the pixel electrode in the blue sub-pixel, the
DBR layer in the blue sub-pixel, the refractive index layer,
and the substrate in the blue sub-pixel.

44. The method of claim 42, wherein the refractive layer
is electrically independent of the pixel electrode in the blue
sub-pixel region.
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