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(57) ABSTRACT

A method of manufacturing a polysilicon (poly-Si) layer, a
method of manufacturing an organic light-emitting display
apparatus using the method, and an organic light-emitting
display apparatus manufactured by using the method. The
method includes forming an amorphous silicon (a-Si) layer
on a substrate having first and second areas, thermally treat-
ing the a-Si layer to partially crystallize the a-Si layer into a
partially crystallized Silayer, removing a thermal oxide layer
through a thermal treatment, selectively irradiating the first
areas with laser beams to crystallize the partially crystallized
Si layer.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 13/869,284, filed on Apr. 24, 2013, entitled
“ORGANIC LIGHT-EMITTING DISPLAY APPARATUS,”
which claims priority to and the benefit of Korean Patent
Application No. 10-2012-0141197, filed on Dec. 6, 2012, in
the Korean Intellectual Property Office, the entire disclosures
of both of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The following description relates to a method of
manufacturing a polycrystalline silicon layer, a method of
manufacturing an organic light-emitting display apparatus
including the same, and an organic light-emitting display
apparatus manufactured by using the same.

[0004] 2. Description of the Related Art

[0005] An active matrix (AM) type organic light-emitting
display apparatus includes a pixel driving circuit in each
pixel, and the pixel driving circuit includes a thin film tran-
sistor (TFT) using silicon. The TFT may be formed of amor-
phous silicon or polycrystalline silicon.

[0006] Since a semiconductor active layer having a source,
a drain, and a channel is formed of amorphous silicon (a-Si),
an a-Si TFT used in the pixel driving circuit has a low electron
mobility of 1 em*/Vsorless. Therefore, thea-Si TFT has been
recently replaced with a polycrystalline silicon (poly-Si)
TFT. The poly-Si TFT has a higher electron mobility and a
safer light illumination than the a-Si TFT. Therefore, the
poly-Si TFT is appropriate to drive an AM type organic light-
emitting display apparatus and/or to be used as an active layer
of a switching TFT.

[0007] The poly-Si may be manufactured according to sev-
eral methods. These methods can be generally classified as
either a method of depositing poly-Si or a method of depos-
iting and crystallizing a-Si.

[0008] Examples of the method of depositing the poly-Si
include chemical vapor deposition (CVD), photo CVD,
hydrogen radial (HR) CVD, electron cyclotron resonance
(ECR) CVD, plasma enhanced (PE) CVD, low pressure (LP)
CVD, etc.

[0009] Examples of the method of depositing and crystal-
lizing the a-Si include solid phase crystallization (SPC), an
excimer laser crystallization (ELC), metal induced crystalli-
zation (MIC), sequential lateral solidification (SLS), etc.

SUMMARY

[0010] Aspects of embodiments of the present invention are
directed toward a method of manufacturing a polycrystalline
silicon layer capable of improving crystallization productiv-
ity and a capacitance characteristic of a capacitor, a method of
manufacturing an organic light-emitting display apparatus
including the same, and an organic light-emitting display
apparatus manufactured by using the same.

[0011] According to an embodiment of the present inven-
tion, a method of manufacturing a polysilicon (poly-Si) layer
is provided. The method includes forming an amorphous
silicon (a-Si) layer on a substrate, the substrate having a first
area and a second area; thermally treating the a-Si layer to
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convert the a-Si layer into a partially crystallized Si layer;
removing a thermal oxide layer formed by the thermally
treating of the a-Si layer; and selectively irradiating the first
area with laser beams to crystallize the partially crystallized
Si layer.

[0012] The method may further include forming a buffer
layer on the substrate before the forming of the a-Si layer.
[0013] The substrate may have a plurality of first areas
including the first area and a plurality of second areas includ-
ing the second area. The plurality of first areas and the plu-
rality of second areas may alternate with each other and are
spaced apart.

[0014] A crystallinity of the partially crystallized Si layer
may be in a range between 65% and 80%.

[0015] The thermally treating of the a-Si layer may include
thermally treating the a-Si at a temperature between 650° C.
and 780° C.; partially crystallizing the a-Si layer into the
partially crystallized Si layer; and forming the thermal oxide
layer on the partially crystallized Si layer.

[0016] The selectively irradiating of the first area with the
laser beams may include selectively irradiating the partially
crystallized Si layer with the laser beams on the first area; and
crystallizing the partially crystallized Si layer to convert the
partially crystallized Si layer into a poly-Si layer.

[0017] The poly-Si layer may have a higher crystallinity
than the partially crystallized Si layer.

[0018] Thecrystalline structure of the poly-Si layer may be
different from a crystalline structure of the partially crystal-
lized Si layer.

[0019] The grains sizes of the poly-Si layer may be ran-
domly formed.
[0020] The poly-Silayer may grow in two directions based

on a longitudinal central axis of grains of the partially crys-
tallized Si layer.

[0021] The grains sizes of the partially crystallized Silayer
may be uniformly formed.

[0022] The removing of the thermal oxide layver may
include using a buffered oxide etchant (BOE) or hydrogen
fluoride (HF).

[0023] The laser beams may be excimer laser beams.
[0024] According to another embodiment of the present
invention, an organic light-emitting display apparatus is pro-
vided. The organic light-emitting display apparatus includes
asubstrate, the substrate having a first area and a second area;
and a plurality of light-emitting devices on the substrate. Each
of the light-emitting devices comprises a thin film transistor
(TFT), a light-emitting unit, and a capacitor, aligned in a
longitudinal direction, and the light-emitting devices of the
plurality of light-emitting devices that are adjacent to each
other in the longitudinal direction are arranged such that the
TFTs are adjacent to each other and/or the capacitors are
adjacent to each other.

[0025] The TFTs of the adjacent light-emitting devices of
the plurality of light-emitting devices may be positioned in
the first area.

[0026] The capacitors of the adjacent light-emitting
devices of the plurality of light-emitting devices may be posi-
tioned in the second area.

[0027] The TFT may include an active layer on the sub-
strate; a gate electrode insulated from the active layer and
arranged on the substrate; and source and drain electrodes
insulated from the gate electrode and electrically connected
to the active layer, wherein the active layer is on the first area.
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[0028] The capacitor may include a capacitor lower elec-
trode on a same layer as the active layer; and a capacitorupper
electrode insulated from the capacitor lower electrode;
wherein the capacitor lower electrode is on the second area.
[0029] The active layer may be a poly-Si layer, and the
capacitor lower electrode may be a partially crystallized Si
layer.

[0030] The poly-Si layer may have a higher crystallinity
than the partially crystallized Si layer.

[0031] Thecrystallinity ofthe partially crystallized Si layer
may be between 65% and 80%.

[0032] The capacitor lower electrode may be the partially
crystallized Si layer.

[0033] The active layer may be the poly-Si layer.

[0034] The light-emitting units may be arranged on a third
area between the first area and the second area.

[0035] Each of the light-emitting units may include a pixel
electrode on the substrate and electrically connected to the
TFT; intermediate layers on the pixel electrode and having an
organic emission layer; and a counter electrode opposite to
the pixel electrode such that the intermediate layers are
between the counter electrode and the pixel electrode.
[0036] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an organic
light-emitting display apparatus. The method includes a first
mask process comprising forming an a-Si layer on a substrate
having afirst area and asecond area, partially crystallizing the
a-Silayer to convert the a-Si layer into a partially crystallized
Si layer, re-crystallizing the partially crystallized Si layer on
the first area to form a poly-Si layer, patterning the poly-Si
layer on the first area to form active layers of TFTs, and
patterning the partially crystallized Si layer on the second
area to form lower electrodes of capacitors; a second mask
process comprising forming a first insulating layer and a
transreflective metal on the substrate to cover the active layers
and the lower electrodes of the capacitors and patterning the
transreflective metal to form pixel electrodes; a third mask
process comprising sequentially forming a transparent con-
ductive layer and a first metal layer on the substrate to cover
the pixel electrodes and patterning the transparent conductive
layer and the first metal layer to form first and second gate
electrodes of the TFTs and first and second upper electrodes
of the capacitors; a fourth mask process comprising forming
asecondinsulating layer to cover the pixel electrodes, the first
and second gate electrodes, and the first and second upper
electrodes and patterning the second insulating layer to form
openings exposing the pixel electrodes, source and drain
areas of the active layers, and the second upper electrodes; a
fifth mask process comprising forming a second metal layer
to cover the pixel electrodes and the openings and patterning
the second metal layer to form source and drain electrodes;
and a sixth mask process comprising forming a third insulat-
ing layer to cover the source and drain electrodes and pattern-
ing the third insulating layer to expose the pixel electrodes.
[0037] The first mask process may further include forming
a buffer layer on the substrate before the forming of the a-Si
layer.

[0038] The substrate may have a plurality of the first areas
comprising the first area, and a plurality of the second areas
comprising the second area, and the plurality of the first areas
and the plurality of the second areas alternate with each other
and are spaced apart.

[0039] The partially crystallized Si layer may have a crys-
tallinity of between about 65% and about 80%.
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[0040] The partially crystallizing the a Si-layer in the first
mask process may include thermally treating the a-Si layer
formed on the substrate at a temperature between 650° C. and
780° C.; partially crystallizing the a-Si layer into the partially
crystallized Si layer; and forming a thermal oxide layer on the
partially crystallized Si layer.

[0041] The re-crystallizing the partially crystallized Si
layer on the first areas in the first mask process may include
selectively irradiating the partially crystallized Si layer on the
first area with laser beams; and re-crystallizing the partially
crystallized Si layer into a poly-Si layer.

[0042] The poly-Si layer may have a higher crystallinity
than the partially crystallized Si layer.

[0043] The thermal oxide layer may be removed by using a
BOE or HE.

[0044] The laser beams may be excimer laser beams.
[0045] The method may further include using the second

gate electrodes as masks to dope the source and drain areas of
the active layers with an ion dopant after the third mask
process.

[0046] The method may further include exposing the first
upper electrodes, and doping the lower electrodes with anion
dopant through the exposed first upper electrodes.

[0047] The transreflective metal may include a silver (Ag)
alloy.

[0048] Thesilver (Ag) alloy may include palladium (Pd) or
copper (Cu).

[0049] The transreflective metal may have a thickness of

between 80 A and 200 A.

[0050] In the third mask process, the sequentially forming
of the transparent conductive layer and the first metal layer on
the substrate to cover the pixel electrodes, may include pat-
terning the transparent conductive layer and the first metal
layer to sequentially cover the pixel electrodes.

[0051] The fourth mask process may further include pat-
terning the second insulating layer to form an opening expos-
ing the first metal layer covering the pixel electrodes.

[0052] The fifth mask process may further include remov-
ing the first metal layer and the second metal layer covering
the pixel electrodes.

[0053] The first and second metal layers may be a same
kind of material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] The above and other features of the present inven-
tion will become more apparent in the following description
of embodiments together with the attached drawings in
which:

[0055] FIGS. 1 through 4 are schematic cross-sectional
views illustrating a process of manufacturing a polycrystal-
line silicon layer according to an embodiment;

[0056] FIG. 5 is a view illustrating a scanning electron
microscope (SEM) image of a partially crystallized polycrys-
talline silicon layer according to an embodiment;

[0057] FIG. 6 is a view illustrating an SEM image of a
re-crystallized polycrystalline silicon layer according to an
embodiment;

[0058] FIG. 7 is a schematic plan view illustrating an
organic light-emitting display apparatus according to an
embodiment of the present invention;

[0059] FIG. 8 is a schematic cross-sectional view illustrat-
ing the organic light-emitting display apparatus of FIG. 7; and
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[0060] FIGS. 9 through 27 are schematic cross-sectional
views illustrating a process of manufacturing an organic
light-emitting display apparatus according to an embodiment
of the present invention.

DETAILED DESCRIPTION

[0061] The present invention will now be described in more
detail with reference to the accompanying drawings, in which
embodiments of the invention are shown. The invention may,
however, be embodied in many different forms and should not
be construed as being limited to the embodiments set forth
herein. Rather, these embodiments are provided by way of
example, in order to convey concepts and features of the
invention to those of ordinary skill in the art.

[0062] FIGS. 1 through 4 are schematic cross-sectional
views illustrating a process of manufacturing a polycrystal-
line silicon layer according to an embodiment.

[0063] As shown in FIG. 1, a buffer layer 11 and an amor-
phous silicon (a-Si) layer 12 are formed on a substrate 10.
[0064] The substrate 10 may be formed of a transparent
glass material including SiQO, as a main component (or major
component). The buffer layer 11 including SiO, and/or SiN,
to improve smoothness and prevent penetration of impurity
elements is further formed on the substrate 10.

[0065] The buffer layer 11 and the a-Si layer 12 may be
deposited by using various suitable methods including but not
limited to plasma enhanced chemical vapor deposition
(PECVD), atmospheric pressure CVD (APCVD), and/or low
pressure CVD (LPCVD).

[0066] The a-Si layer 12 is formed on the buffer layer 11.
The a-Sisilicon layer 12 is crystallized by a process, which is
described in more detail later, to provide a polycrystalline
silicon (poly-Si) layer.

[0067] As shown in FIG. 2, the a-Si layer 12 is partially
crystallized to form a partially crystallized Si layer 12'.

[0068] The partial crystallization provides a crystallinity of
the partially crystallized Si layer 12'in a range between about
65% and about 80%.

[0069] The a-Silayer 12 is thermally treated at a tempera-
ture between 650° C. and 780° C. to form the partially crys-
tallized Si layer 12'. If the a-Si layer 12 is thermally treated at
the temperature between 650° C. and 780° C., a dehydrating
process occurs in the a-Si layer 12, and thus the a-Si layer 12
is converted into the partially crystallized Si layer 12' with a
crystallinity in a range between about 65% and about 80%.

[0070] Following thermally treating the a-Si layer 12, a
thermal oxide layer 30 is removed. In more detail, if the a-Si
layer 12 is thermally treated at a temperature between 650° C.
and 780° C., the a-Si layer 12 is crystallized into the partially
crystallized Si layer 12', and a thermal oxide layer 30 is
formed on the partially crystallized Si layer 12', as shown in
FIG. 3.

[0071] The thermal oxide layer 30 has a denser structure
than a natural oxide layer. In an embodiment, if laser crystal-
lization, which will be described in more detail later, is per-
formed by using laser beams when the thermal oxide layer 30
is still present, energy absorbed in the partially crystallized Si
layer 12' and the substrate 10 will not properly be discharged
due to the thermal oxide layer 30. In this case, stains occur in
a poly-Si layer, and over-crystallization of p-Si occurs.

[0072] Therefore, in an embodiment, the thermal oxide
layer 30 is removed before the laser crystallization is per-
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formed. In an embodiment, the thermal oxide layer 30 is
removed by using a buffered oxide etchant (BOE) or hydro-
gen fluoride (HF).

[0073] As shown in FIG. 4, a laser beam is used to selec-
tively irradiate and selectively crystallize the partially crys-
tallized Si layer 12,

[0074] In more detail, the substrate 10 has first and second
areas 10a and 1056. The first and second areas 10a and 105
alternate on the substrate 10 and are spaced apart. As
described above, the a-Si layer 12 is formed on an entire
surface of the substrate 10 and is partially crystallized into the
partially crystallized Si layer 12' through a partial crystalli-
zation process. The partially crystallized Si layer 12' is
formed on the first and second areas 10a and 105. However,
laser beams L irradiate only the partially crystallized Si layer
12' formed on the first areas 10qa to crystallize the partially
crystallized Si layer 12' formed on the first areas 10a and form
a poly-Si layer 12'a. In other words, the poly-Si layer 12'a is
formed on the first areas 10a, and a partially crystallized Si
layer 12'5 is formed on the second areas 104,

[0075] A crystallinity of the partially crystallized Si layer
12'4 1s in a range between about 65% and about 80% as
described above. However, a crystallinity of the poly-Si layer
12'a is higher than the crystallinity of the partially crystallized
Si layer 12'6 and may be in a range between about 80% and
about 100%.

[0076] A laserirradiator 500 moves relative to the substrate
10 to irradiate the partially crystallized Si layer 12' formed on
the first areas 10a with laser beams. In other words, the laser
irradiator 500 moves above the substrate 10 or moves above a
stage on which the substrate 10 is placed, to irradiate the first
areas 10a with laser beams. The laser irradiator 500 may
radiate excimer laser beams.

[0077] According to an embodiment of the present inven-
tion, laser beams may not irradiate an entire surface of the a-Si
layer 12 to crystallize the a-Si layer 12 formed on the sub-
strate 10. Instead, laser beams may selectively irradiate only
the first areas 10q of the substrate 10. Therefore, the number
of times the laser beams are used to irradiate may be reduced.
As a result, a production capacity of laser equipment may be
improved, and productivity may be improved.

[0078] FIG. 5 is a view illustrating a scanning electron
microscope (SEM) image of a partially crystallized Si layer
according to an embodiment.

[0079] As shown in FIG. 5, if a thermal treatment is per-
formed at a temperature between 650° C. and 780° C., an a-3i
layer is partially crystallized to form a partially crystallized Si
layer. The partial crystallization provides a crystallinity
between about 65% and 80%. In other words, crystal struc-
tures C having long bar shapes are partially formed in FIG. 5.
The crystal structures C having the long bar shapes operate as
seeds in a growth direction and are in the form of grains when
performing laser crystallization.

[0080] The partially crystallized Si layer forms a capacitor
lower electrode 312 of a capacitor 53, as shown in FIG. 8.
Although the partially crystallized Si layer has a low crystal-
linity, the partially crystallized Si layer has a high crystalli-
zation uniformity, thereby stabilizing the capacitance charac-
teristic of the capacitor.

[0081] FIG. 6 is a view illustrating a SEM image of a
re-crystallized poly-Si layer according to an embodiment.
[0082] An a-Si layer is thermally treated at a temperature
between 650° C. and 780° C. to form a partially crystallized
Si layer. A thermal oxide layer formed on the partially crys-
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tallized Si layer in the thermal treatment process is removed.
Laser beams are then used to irradiate an area of the partially
crystallized Si layer to re-crystallize the partially crystallized
Si layer in order to form a poly-Si layer. FIG. 6 illustrates a
SEM image of the poly-Si layer according to an embodiment
which is re-crystallized by irradiation with laser beams. If
laser beams are used for irradiation after the thermal treat-
ment at the temperature between 650° C. and 780° C. and
after the removal of the thermal oxide layer, twin growths
progress in different directions based on a central axis A in a
grain boundary, and thus crystallization progresses. The sizes
of grains vary randomly with the progress of crystallization.

[0083] As described above, the poly-Si layer is thermally
treated at a temperature between 650° C. and 780° C. to form
the partially crystallized Si layer having a crystallinity
between 65% and 80%, and then is re-crystallized using an
excimer laser. Grain shapes are insensitive (or substantially
insensitive) to changes in laser energy. An optimum energy
density (OPED) margin is greater than that of a general exci-
mer laser annealing (ELA) crystallization, which can thus
improve mass-production. Also, a characteristic of a thin film
transistor (TFT) is improved, and crystal stains do not (or
substantially do not) occur according to changes of laser
energy. Therefore, luminance uniformity is high when driv-
ing low and middle gradations of an organic light-emitting
display apparatus, and thus a higher quality organic light-
emitting display apparatus may be manufactured.

[0084] FIG. 7 is a schematic plan view illustrating an
organic light-emitting display apparatus according to an
embodiment of the present invention. FIG. 8 is a schematic
cross-sectional view illustrating the organic light-emitting
display apparatus of F1G. 7.

[0085] Referring to FIGS. 7 and 8, the organic light-emit-
ting display apparatus according to an embodiment includes
a plurality of light-emitting devices 50, 50', and 50" formed
on a substrate 10. Each of the light-emitting devices 50, 50/,
and 50" includes a TFT 52, a light-emitting unit 51, and a
capacitor 53. The TFT 52, the light-emitting unit 51, and the
capacitor 53 may be sequentially formed in that order, in a
longitudinal direction of each of the light-emitting devices
50, or may be formed order of the capacitor 53, the light-
emitting unit 51, and the TFT 52, in a longitudinal direction of
each of the light-emitting devices 50.

[0086] The TFTs 52 are formed on first areas 10a of the
substrate 10, and the capacitors 53 are formed on second areas
105 of the substrate 10.

[0087] AsshowninFIG.7, the TFTs 52 or the capacitors 53
of the plurality of light-emitting devices 50, 50", and 50" are
adjacent to each other in a longitudinal direction. The TFT 52
of the light-emitting device 50 is adjacent to the TFT 52 of
adjacent light-emitting device 50'. Also, the capacitor 53 of
the light-emitting device 50 is adjacent to the capacitor 53 of
adjacent light-emitting device 50".

[0088] Therefore, according to an embodiment, regardless
of the types of the light-emitting devices 50, 50', and 50", the
TFTs 52 are disposed on the first areas 10a of the substrate 10,
and the capacitors 53 are disposed on the second areas 106 of
the substrate 10. In other words, active layers 212 of the TFTs
52 are disposed on the first area 10a of the substrate 10 and
formed of the poly-Si layer 12' of FIG. 4. Capacitor lower
electrodes 312 of the capacitors 53 are disposed on the second
areas 105 of the substrate 10 and formed of the partially
crystallized Si layer 12'6 of F1G. 4. The partially crystallized
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Si layer 12'5 formed on the plurality of second areas 104 of
the substrate 10 has auniform crystallization to provide stable
capacitors.

[0089] FIGS. 9 through 27 are schematic cross-sectional
views illustrating a process of manufacturing an organic
light-emitting display apparatus according to an embodiment
of the present invention.

[0090] FIGS. 9 through 26 are schematic cross-sectional
views illustrating a process of manufacturing the organic
light-emitting display apparatus according to some embodi-
ments. FIG. 19 is aschematic cross-sectional view illustrating
the organic light-emitting display apparatus manufactured by
the manufacturing method according to an embodiment.
[0091] Referring to FIG. 9, a buffer layer 11 and an a-Si
layer 12 are formed on a substrate 10.

[0092] The substrate 10 may be formed of a transparent
glass material including SiO, as a main component. The
buffer layer 11 (including SiO, and/or SiN, to improve the
smoothness of the substrate 10 and prevent a penetration of
impurity elements) is formed on the substrate 10.

[0093] The buffer layer 11 and the a-Si layer 12 may be
deposited according to various suitable deposition methods
such as PECVD, APCVD, and/or LPCVD.

[0094] Thea-Silayer 12 is deposited on the buffer layer 11.
The a-Si layer 12 is thermally treated at a temperature
between 650° C. and 780° C. to be partially crystallized in
order to form a partially crystallized Si layer 12'. Laser beams
irradiate first areas 10a to selectively re-crystallize the par-
tially crystallized Silayer 12' on the first areas 10¢ in order to
form a poly-Si layer 12'a.

[0095] Referring to FIG. 10, a first photoresist P1 is coated
on the partially crystallized Si layer 12', and a first mask
process is performed by using a first photomask M1 including
light shielding parts M11 and light transmitting parts M12.
[0096] In an embodiment, a series of processes such as
exposing, developing, etching, and stripping or ashing are
performed with respect to the first photomask M1 using an
exposlre apparatus.

[0097] Referring to FIG. 11, as a result of the first photo-
mask process, the partially crystallized Si layer 12' is pat-
terned into a portion which will be an active layer 212 of a
TFT and into a portion which will be a lower electrode 312 of
a capacitor.

[0098] Referring to FIG. 12, a first insulating layer 13 and
a transflective metal layer 14 are sequentially stacked on a
structure resulting from the patterning of the partially crys-
tallized Si layer 12' in FIG. 11.

[0099] The first insulating layer 13 may include a single
layer or a multiple layer formed of Si0,, SiN_, or the like and
operates as a gate insulating layer of a TFT and a dielectric
layer of a capacitor which will be described later.

[0100] The transreflective metal layer 14 may be formed of
a silver (Ag) alloy. The transreflective metal layer 14 may
further include palladium (Pd) and copper (Cu) and operates
as a transreflective mirror and as a pixel electrode of an
organic light-emitting display apparatus having an optical
resonance structure.

[0101] The transreflective metal layer 14 is formed to have
a thickness of between 50 A and 200 A. In one embodiment,
if the thickness of the transreflective metal layer 14 is thinner
than 50 A, reflexibility is lowered. Therefore, it can be diffi-
cult to achieve an optical resonance with a counter electrode
which will be described in more detail later. In one embodi-
ment, if the thickness of the transreflective metal layer 14 is
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greater than 200 A, transmissivity is lowered. Therefore,
luminance efficiency may be lowered.

[0102] Referring to FIG. 13, a second photoresist P2 is
coated on the transreflective metal layer 14, and a second
mask process is performed by using a second photomask M2
including a light shield part M21 and a light transmitting part
M22.

[0103] Referring to FIG. 14, as a result of the second pho-
tomask process, the transreflective metal layer 14 is patterned
as a pixel electrode 114.

[0104] As described above, a transreflective mirror may be
formed of an Ag alloy having a high transreflective charac-
teristic to further improve the luminance efficiency of an
organic light-emitting display apparatus having an optical
resonance structure.

[0105] Referring to FIG. 15, a transparent conductive layer
15 and a first metal layer 16 are sequentially stacked on a
structure shown in FIG. 14.

[0106] The transparent conductive layer 15 may include at
least one selected from the group consisting of indium tin
oxide (ITO), indium zinc oxide (IZ0), zinc oxide (Zn0),
indium oxide (In203), indium gallium oxide (IGO), and alu-
minum zinc oxide (AZ0O).

[0107] The first metal layer 16 may be formed of a metal
having a different etch rate from the pixel electrode 114. For
example, the first metal layer 16 may include one or more
metals selected from aluminum (Al), platinum (Pt), palla-
dium (Pd), silver (Ag). magnesium (Mg), gold (Au), nickel
(Ni), neodymium (Nd), iridium (Ir), chromium (Cr), lithium
(Li), calcium (Ca), molybdenum (Mo), titanium (Ti), tung-
sten (W), and copper (Cu). In an embodiment, the first metal
layer 16 includes Al.

[0108] The first metal layer 16 may include a plurality of
metal layers 16a, 165, and 16¢. In an embodiment, the first
metal layer 16 has three-layer structure (Mo/Al/Mo) in which
molybdenum (Mo) layers 164 and 16¢ are formed on and
underneath an Al layer 165. However, the present invention is
not limited thereto, and thus the first metal layer 16 may be
formed of various suitable types of materials and as various
suitable kinds and numbers of layers.

[0109] Referring to FIG. 16, a third photoresist P3 is coated
on the first metal layer 16, and a third mask process is per-
formed by using a third photomask M3 including a light-
shield part M31 and a light-transmitting part M32.

[0110] Referring to FIG. 17, as a result of the third photo-
mask process, the transparent conductive layer 15 and the first
metal layer 16 are patterned as first and second gate electrodes
215 and 216 of a TFT, and first and second upper electrodes
315 and 316 of a capacitor.

[0111] The first and second gate electrodes 215 and 2186,
and the first and second upper electrodes 315 and 316, are
etched in the same mask process, and thus their external
etched surfaces are identically formed.

[0112] Referring to FIG. 18, the first and second gate elec-
trodes 215 and 216 formed as a result of the third photomask
process are used as self-align masks to dope the active layer
212 with a dopant. As a result, the active layer 212 includes
source and drain areas 2124 and 2126 doped with an ion
dopant and a channel area 212¢ formed of the source and
drain areas 212a and 21254. In other words, the first and
second gate electrodes 215 and 216 are used as the self-align
masks to form the source and drain areas 212q and 2126
without any additional photomask process.
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[0113] As described above, according to embodiments of
the present invention, the pixel electrode 114 may be used as
the transreflective metal layer 14, which is directly a transre-
flective layer, thereby simplifying a structure of the pixel
electrode 114. Also, in embodiments where the pixel elec-
trode 14 is formed of an Ag alloy, light efficiency may be
improved.

[0114] In embodiments where the pixel electrode 114 is
etched in a mask process separate from the first metal layer 16
forming the second gate electrode 216 having a different etch
rate, damage to the pixel electrode 114 may be prevented or
reduced due to etching of the second gate electrode 216.
[0115] Referring to FIG. 19, a second insulating layer 17
and a fourth photoresist P4 are coated on a resultant structure
of the third photomask process. A fourth mask process is
performed by using a fourth photomask M4 including a light-
shield part M41 and a light-transmitting part M42.

[0116] Referringto FIG. 20, first and second openings 1174
and 1176 exposing the pixel electrode 114, contact holes
217a and 2175 exposing the source and drain areas 212q and
212b of the TFT, and a third opening 317 exposing the second
upper electrode 316 of the capacitor are formed on the second
insulating layer 17 as a result of the fourth mask process.
[0117] Referring to FIG. 21, a second metal layer 18 is
formed on a structure resulting from the forming of the open-
ings and contact holes in FI1G. 20.

[0118] The second metal layer 18 may include one or more
metals selected from Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, L,
Ca, Mo, Ti, W, and Cu. In an embodiment, the third metal
layer 18 includes Al

[0119] The second metal layer 19 may also include a plu-
rality of metal layers 184, 185, and 18¢. In an embodiment,
like the first metal layer 16, the second metal layer 18 has a
three-layer structure in which Mo layers 18a and 18¢ are
formed on and underneath an Al layer 185. However, the
present invention is not limited thereto, and thus the third
metal layer 18 may be formed of various suitable materials
and such as various suitable kinds and numbers of layers.
[0120] Referring to FIG. 22, a fifth photoresist P5 is coated
on the second metal layer 18, and a fifth mask process is
performed by using a fifth photomask M5 including a light-
shielding part M51 and a light-transmitting part M52.
[0121] Referring to FIG. 23, the second metal layer 18 is
patterned to form source and drain electrodes 218 and 2185
contacting the source and drain areas 212a and 2124 of the
active layer 212. When the second metal layer 18 is etched,
the second upper electrode 316 of the capacitor including the
first metal layer 16 may be removed together with the second
metal layer 18.

[0122] The second metal layer 18 may be formed of the
same material as that of the metal layer 18. In this case, the
first and second metal layers 16 and 18 may be simulta-
neously or concurrently etched through one-time etching by
using the same etchant.

[0123] Referring to FIG. 24, an ion dopant, such as B or P
dopant, is doped on a resultant structure of the fifth mask
process. A dopant may be doped at a density of 1x10"° atoms/
cm® or more by targeting the lower electrode 312 of the
capacitor formed as the partially crystallized Si layer 12'.
Therefore, a conductivity of the lower electrode 312 of the
capacitor increases to form a metal-insulator-metal (MIM)
capacitor along with the first upper electrode 315, thereby
increasing a capacitance of the capacitor.
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[0124] Referring to FIG. 25, a third insulating layer 19 is
formed on a resultant structure of FIG. 24, and a sixth mask
process is performed by using a sixth photomask M6 includ-
ing a light-shielding part M61 and light-transmitting part
M62. Here, the third insulating layer 19 may be formed of
photoresist including a photosensitive material.

[0125] Referring to FIG. 26, the third insulating layer 19 is
patterned to form an opening 119 exposing the pixel electrode
114.

[0126] Referring to FIG. 27, an intermediate layer 21
including an organic emission layer 21a and a counter elec-
trode 22 are formed on the pixel electrode 114.

[0127] The organic emission layer 21a may be formed of a
low or high molecular material.

[0128] Theintermediate layer 21 may include, for example,
a hole transport layer (HTL), a hole injection layer (HIL), an
electron transport layer (ETL), and/or an electron injection
layer (EIL), which are stacked on the organic emission layer
21a. Various other suitable layers may also be stacked.
[0129] As described above, the intermediate layer 21
including the emission layer 21a may be formed so that a
thickness of the organic emission layer 21a or thicknesses of
other layers of the intermediate layer 21 other than the organic
emission layer 21a are different in each pixel, thereby pro-
viding an optical resonance structure.

[0130] The counter electrode 22 is deposited as a common
electrode on the intermediate layer 21. In the organic light-
emitting display apparatus according to an embodiment, the
pixel electrode 114 is used as an anode electrode, and the
counter electrode 22 is used as a cathode electrode. Polarities
of electrodes may be oppositely applied.

[0131] Also, the counter electrode 22 may be formed as a
reflective electrode including a reflective material to realize
the optical resonances structure. Here, the counter electrode
22 may be formed of Al, Ag, Li, Ca, LiF/Ca, or LiF/Al.
[0132] Although not explicitly shown in the drawings, a
sealing member and a moisture absorbent may be further
included on the counter electrode 22 to protect the organic
emission layer 21a from external moisture or oxygen.
[0133] According to an embodiment of the present inven-
tion, adistance between the counter electrode 22 and the pixel
electrode 114 may be a resonance thickness to further
improve the light efficiency by using an optical resonance
evenin a back surface emission structure in which an image is
provided in a direction of the substrate 10.

[0134] Also, a poly-Si layer doped with N+ or P+ may be
used as the low electrode 312 of the capacitor, and the first
upper electrode 315 may be formed of a metal oxide which is
a transparent conductive material, thereby forming a capaci-
tor having an MIM structure. If the capacitor has a metal
oxide semiconductor (MOS) structure, and a high voltage is
to be applied to a particular line of a panel, a possibility that
an electric short may occur is increased. However, according
to embodiments the present invention, as described above, an
MIM capacitor may be used to prevent or reduce the above
problem. Therefore, a design degree of freedom is improved.
As described above, according to embodiments of the present
invention, crystallization productivity may be improved, and
a characteristic of a capacitor may be improved.

[0135] While the present invention has been particularly
shown and described with reference to embodiments thereof,
that the invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifica-
tions and equivalent arrangements included within the spirit
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and scope of the appended claims, and equivalents thereof. Tt
will be understood by those of ordinary skill in the art that
various changes in form and details may be made to embodi-
ments described herein without departing from the spirit and
scope of the present invention.

What is claimed is:

1. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:

a first mask process comprising forming an a-Si layer ona
substrate having a first area and a second area, partially
crystallizing the a-Si layer to convert the a-Si layer into
a partially crystallized Si layer, re-crystallizing the par-
tially crystallized Si layer on the first area to form a
poly-Si layer, patterning the poly-Si layer on the first
area to form active layers of TFTs, and patterning the
partially crystallized Si layer on the second area to form
lower electrodes of capacitors;

a second mask process comprising forming a first insulat-
ing layer and a transreflective metal on the substrate to
cover the active layers and the lower electrodes of the
capacitors and patterning the transreflective metal to
form pixel electrodes;

a third mask process comprising sequentially forming a
transparent conductive layer and a first metal layer on
the substrate to cover the pixel electrodes and patterning
the transparent conductive layer and the first metal layer
to form first and second gate electrodes of the TFTs and
first and second upper electrodes of the capacitors;

a fourth mask process comprising forming a second insu-
lating layer to cover the pixel electrodes, the first and
second gate electrodes, and the first and second upper
electrodes and patterning the second insulating layer to
form openings exposing the pixel electrodes, source and
drain areas of the active layers, and the second upper
electrodes;

a fifth mask process comprising forming a second metal
layer to cover the pixel electrodes and the openings and
patterning the second metal layer to form source and
drain electrodes; and

a sixth mask process comprising forming a third insulating
layer to cover the source and drain electrodes and pat-
terning the third insulating layer to expose the pixel
electrodes.

2. The method of claim 1, wherein the first mask process
further comprises forming a buffer layer on the substrate
before the forming of the a-Si layer.

3. The method of claim 1, wherein the substrate has a
plurality of the first areas comprising the first area, and a
plurality of the second areas comprising the second area, and
the plurality of the first areas and the plurality of the second
areas alternate with each other and are spaced apart.

4. The method of claim 1, wherein the partially crystallized
Si layer has a crystallinity of between about 65% and about
80%.

5. The method of claim 1, wherein the partially crystalliz-
ing the a-Si layer in the first mask process comprises:

thermally treating the a-Si layer formed on the substrate at
a temperature between 650° C. and 780° C.;

partially crystallizing the a-Si layer into the partially crys-
tallized Si layer; and

forming a thermal oxide layer on the partially crystallized
Si layer.
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6. The method of claim 5, wherein the re-crystallizing the
partially crystallized Silayer on the first area in the first mask
process comprises:

selectively irradiating the partially crystallized Si layer on

the first area with laser beams; and

re-crystallizing the partially crystallized Si layer into a

poly-Si layer.

7. The method of claim 6, wherein the poly-Si layer has a
higher crystallinity than the partially crystallized Si layer.

8. The method of claim 5, further comprising removing the
thermal oxide layer by using a buffered oxide etchant (BOE)
or HF.

9. The method of claim 6, wherein the laser beams are
excimer laser beams.

10. The method of claim 1, further comprising using the
second gate electrodes as masks to dope the source and drain
areas of the active layers with an ion dopant after the third
mask process.

11. The method of claim 1, further comprising exposing the
firstupper electrodes, and doping the lower electrodes with an
ion dopant through the exposed first upper electrodes.
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12. The method of claim 1, wherein the transreflective
metal comprises a silver (Ag) alloy.

13. The method of claim 12, wherein the silver (Ag) alloy
comprises palladium (Pd) or copper (Cu).

14. The method of claim 12, wherein the transreflective
metal has a thickness of between 80 A and 200 A.

15. The method of claim 1, wherein in the third mask
process, the sequentially forming of the transparent conduc-
tive layer and the first metal layer on the substrate to cover the
pixel electrodes, comprises patterning the transparent con-
ductive layer and the first metal layer to sequentially cover the
pixel electrodes.

16. The method of claim 15, wherein the fourth mask
process further comprises patterning the second insulating
layer to form an opening exposing the first metal layer cov-
ering the pixel electrodes.

17. The method of claim 16, wherein the fifth mask process
further comprises removing the first metal layer and the sec-
ond metal layer covering the pixel electrodes.

18. The method of claim 16, wherein the first and second
metal layers are a same kind of material.
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