US 20130270526A1

12y Patent Application Publication (o) Pub. No.: US 2013/0270526 A1l

a9y United States

KIM et al. 43) Pub. Date: Oct, 17,2013
(54) ORGANIC LIGHT-EMITTING DISPLAY (30) Foreign Application Priority Data
APPARATUS AND METHOD OF
MANUFACTURING ORGANIC Apr. 17,2012 (KR) o 10-2012-0039967

LIGHT-EMITTING DISPLAY APPARATUS

(71)  Applicants:Sung-Ho KIM, Yongin-City (KR);
Jong-Moo HUH, Yongin-City (KR);
Hye-Dong KIM, Yongin-City (KR)

(72) Inventors: Sung-Ho KIM, Yongin-City (KR);

Jong-Moo HUH, Yongin-City (KR);
Hye-Dong KIM, Yongin-City (KR)

(21)  Appl. No.: 13/649,724

Publication Classification

(51) Int.CL

HOIL 51/52 (2006.01)
(52) US.CL

USPC ....... 257/40; 257/59; 257/88; 257/E51.019
7) ABSTRACT

An organic light-emitting display apparatus includes a sub-
strate, a plurality of organic light-emitting diodes on the sub-
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2012-0039967,
filed on Apr. 17, 2012, in the Korean Intellectual Property
Office, and entitled: “Organic Light-Emitting Display Appa-
ratus and Method of Manufacturing Organic Light-Emitting
Display Apparatus,” which is incorporated by reference
herein in its entirety.

BACKGROUND

[0002] Display apparatuses are recently replaced by thin
flat panel display apparatuses that are portable. Among flat
panel display apparatuses, organic light-emitting display
apparatuses are self-emission display apparatuses that have a
wider viewing angle, better contrast characteristics, and faster
response rates than other display apparatuses and thus have
drawn attention as next-generation display apparatuses.

SUMMARY

[0003] Embodiments may be realized by providing an
organic light-emitting display that includes a substrate, a
plurality of organic light-emitting diodes (OLEDs) formed on
the substrate, a plurality of capacitors located next to at least
one side of an OLED, and the capacitors are formed inside
trenches formed in the substrate.

[0004] The capacitors may be disposed separate from the
OLED. The capacitors may be disposed next to two sides of
the OLED to have the OLED therebetween. The capacitors
may include a first capacitor disposed in a first trench formed
in the substrate separate from a first side of the OLED, and a
second capacitor disposed in a second trench formed in the
substrate separate from a second side of the OLED. The
second side of the OLED may be opposite to the first side of
the OLED.

[0005] A length of the first capacitor may be longer than a
length of the first side of the OLED. A length of the second
capacitor may be longer than a length of the second side of the
OLED.

[0006] The organic light-emitting display apparatus may
further include at least one transistor including a semiconduc-
tor layer, a gate electrode, and source and drain electrodes,
and a gate insulating layer disposed between the semiconduc-
tor layer and the gate electrode. The OLED may include a
pixel electrode that is formed on the gate insulating layer and
may be electrically connected to the at least one transistor, an
intermediate layer that may be disposed on the pixel electrode
and may include a common layer and an emission layer, and
an opposite electrode that may be disposed facing the pixel
electrode with the intermediate layer disposed therebetween.
[0007] The first capacitor may include a first capacitor
lower electrode and a first capacitor upper electrode disposed
in the first trench. The second capacitor may include a second
capacitor lower electrode and a second capacitor upper elec-
trode disposed in the second trench.

[0008] The gate insulating layer may be interposed
between the first capacitor lower electrode and the first
capacitor upper electrode, and between the second capacitor
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lower electrode and the second capacitor upper electrode. The
first capacitor lower electrode and the second capacitor lower
electrode may include the same material forming the semi-
conductor layer. The first capacitor upper electrode and the
second capacitor upper electrode may include the same mate-
rial forming the pixel electrode. The pixel electrode may
include a transparent conductive material.

[0009] The common layer may include a hole injection
layer, a hole transport layer, an electron transport layer, and an
electron injection layer. The hole transport layer, the hole
injection layer, the emission layer, the electron transport
layer, and the electron injection layer may be sequentially
stacked on the pixel electrode.

[0010] The opposite electrode may be disposed on the first
capacitor upper electrode and the second capacitor upper
electrode. The hole injection layer, the hole transport layer,
the electron transport layer, and the electron injection layer
may be interposed between the opposite electrode and the
first capacitor upper electrode or between the opposite elec-
trode and the second capacitor lower electrode.

[0011] The semiconductor layer may include amorphous
silicon or crystalline silicon. The opposite electrode may be a
reflection electrode that reflects light emitted from the emis-
sion layer.

[0012] Embodiments may also be realized by providing a
method of manufacturing an organic light-emitting display
apparatus, the method including preparing a substrate to have
aplurality of OLED areas, a plurality of capacitor areas, and
aplurality of transistor areas, forming trenches in the capaci-
tor areas, processing a first mask forming an active layer in the
transistor area and a lower capacitor electrode in the trench
area on the substrate, processing a second mask forming each
of first electrode units to form a pixel electrode on the OLED
area, a gate electrode, and second electrode units to form a
capacitor upper electrode that is formed on the capacitor
lower electrode in the trench area, processing a third mask
forming an interlayer insulating layer including contact holes
exposing two edges of the active layer, and openings exposing
the first electrode units and the second electrode units, pro-
cessing a fourth mask forming source and drain electrodes
contacting the active layer through the contact holes, the pixel
electrode from the first electrode units, and the capacitor
upper electrode from the second electrode units, processing a
fifth mask forming a pixel-defining layer exposing at least a
part of the pixel electrode, forming an intermediate layer
including a common layer and an emission layer on the pixel
electrode and forming the common layer on an area other than
an emission area, and forming an opposite electrode on the
intermediate layer and the common layer.

[0013] The capacitor area may include a first capacitor area
and a second capacitor area disposed next to two sides of the
emission area to have the emission area therebetween. The
trench area may include a first trench formed in the first
capacitor area separate from a first side of the emission area,
and a second trench formed in the second capacitor area
separate from a second side of the emission area. The second
side of the emission area may be opposite from the first side
of the emission area.

[0014] The organic light-emitting display apparatus may
include a first capacitor including a first capacitor lower elec-
trode and a first capacitor upper electrode formed in the first
trench, and a second capacitor including a second capacitor
lower electrode and a second capacitor upper electrode
formed in the second trench.
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[0015] The processing of the second mask may include
forming a gate insulating layer on the resultant of the process-
ing of the first mask, and forming the gate electrode of the
transistor the first electrode units to form a pixel electrode on
the OLED area, the second electrode units to form the first
capacitor upper electrode, and third electrode units to form
the second capacitor lower electrode by sequentially stacking
and patterning a first conduction layer and a second conduc-
tion layer on the gate insulating layer.

[0016] The processing of the third mask may include form-
ing a first insulating layer on the resultant of the processing of
the second mask, and forming the interlayer insulating layer
in the first insulating layer by forming the contact holes
exposing source and drain areas of the semiconductor layer
and the openings exposing the first, second, and third elec-
trode units.

[0017] The processing of the fourth mask may include
forming a third conduction layer on the interlayer insulating
layer, forming the source and drain electrodes by patterning
the third conduction layer, and forming the second capacitor
upper electrode formed of the first conduction layer by
removing the second conduction layer forming the third elec-
trode units at the same time forming the first capacitor upper
electrode formed of the first conduction layer by removing the
second conduction layer forming the second electrode units at
the same time forming the pixel electrode formed of the first
conduction layer by removing the second conduction layer
forming the first electrode units.

[0018] The processing of the fifth mask may include form-
ing a second insulating layer on the resultant of the processing
the fourth mask, and forming the pixel-defining layer by
patterning the second insulating layer to expose a transparent
conduction material of the pixel electrode. The opposite elec-
trode may be formed on the common layer inside the trench.
The common layer may include a hole injection layer, a hole
transport layer, an electron transport layer, and an electron
injection layer, wherein the hole injection layer, the hole
transport layer, the emission layer, the electron transport
layer, and the electron injection layer may be sequentially
stacked on the pixel electrode.

[0019] Thecommon layer may include first common layers
and second common layers, wherein the common layer may
be formed on the first substrate other than the pixel electrode,
wherein the first common layers, the emission layer, the sec-
ond common layers may be sequentially stacked on the pixel
electrode. The opposite electrode may be a reflection elec-
trode reflecting light emitted from the emission layer. A semi-
conductor layer may include amorphous silicon or crystalline
silicon.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Features will becomeapparent to those of skill in the
art by describing in detail example embodiments with refer-
ence to the attached drawings in which:

[0021] FIG. 1 is a plan view schematically illustrating a
structure of an organic light-emitting display apparatus
according to an exemplary embodiment;

[0022] FIG. 2is a cross-sectional view taken along line I-1
of FIG. 1;
[0023] FIGS. 3 through 10 are cross-sectional views sche-

matically depicting stages in a method of manufacturing the
organic light-emitting display apparatus of FIG. 10, accord-
ing to an exemplary embodiment; and
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[0024] FIG. 11 is across-sectional view illustrating paths of
light generated by an emission layer of the organic light-
emitting display apparatus.

DETAILED DESCRIPTION

[0025] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
[0026] In the figures, the dimensions of layers and regions
may be exaggerated for clarity of illustration. It will also be
understood that when alayer or element is referred to as being
“on” another layer or substrate, it can be directly on the other
layer or substrate, or intervening layers may also be present.
Further, it will be understood that when a layer is referred to
as being “under” another layer, it can be directly under, and
one or more intervening layers may also be present. In addi-
tion, it will also be understood that when a layer is referred to
as being “between” two layers, it can be the only layer
between the two layers, or one or more intervening layers may
also be present. Like reference numerals refer to like elements
throughout.

[0027] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
[0028] FIG. 1 is a plane view schematically illustrating a
structure of an organic light-emitting display apparatus 1
according to an exemplary embodiment.

[0029] Referring to FIG. 1, the organic light-emitting dis-
play apparatus 1 includes a first substrate 10 including a
plurality of light-emitting diodes, and a second substrate 70
that is adhered to the first substrate 10 by sealing.

[0030] A thin film transistor (TFT), an organic light-emit-
ting diode (OLED), first and second capacitors Cstl and Cst2,
and/or the like may be formed on the first substrate 10. The
first substrate 10 may be a low-temperature polycrystalline
silicon (LTPS) substrate, a glass substrate, or a plastic sub-
strate.

[0031] The second substrate 70 may be a sealing substrate
that is disposed on, e.g., to cover, the first substrate 10. The
second substrate 70 may block external moisture, air, or the
like from the TFT, the OLED, and/or the like formed on the
first substrate 10. The second substrate 70 is disposed facing
the first substrate 10. The first and second substrates 10 and 70
may be attached to each other by a sealing member 90 applied
along edges of the first and second substrates 10 and 70. The
second substrate 70 may be a glass substrate, a plastic sub-
strate, or a stainless using steel (SUS) substrate.

[0032] The first substrate 10 includes a display area DA
where light 1s emitted and a non-display area NDA (an area
where light is not emitted) at an outer region of the display
area DA, e.g., the non-display area NDA may completely
enclose the display area DA. According to an exemplary
embodiment, the sealing member 90 may be formed on the
non-display area NDA of the outer region of the display area
DA. Accordingly, the first and second substrates 10 and 70
may be attached by a sealant in the non-display area NDA.
[0033] As described above, the OLED, the TFT driving the
OLED, and wirings electrically connecting the OLED and the
TFT may be formed on the display area DA of the first
substrate 10. Also, a pad area 5 where pad electrodes are
formed extensively from the wiring of the display area DA
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may be formed adjacent to the non-display area NDA, e.g.,
adjacent to one side of the non-display area NDA. The pad
area 5 is also an area where light is not emitted.

[0034] Referring to region A showing a magnified part of
the display area DA of FIG. 1, the first and second capacitors
Cstl and Cst2 may be disposed with the OLED therebetween.
The first and second capacitors Cstl and Cst2 may be at both
sides of the OLED, as described below.

[0035] FIG. 2is a cross-sectional view taken along line I-1
of FIG. 1.
[0036] Referring to FIG. 2, the organic light-emitting dis-

play apparatus 1 according to an exemplary embodiment may
include a transistor area 2, a first capacitor area 3a, a second
capacitor area 3b, and an OLED area 4.

[0037] The TFT as a driving element is disposed on the
transistor area 2.

[0038] TheTFT may be constructed with an active layer 21,
a gate electrode 20, a source electrode 26, and a drain elec-
trode 27.

[0039] The gate electrode 20 may be constructed with a
lower gate electrode 23 and an upper gate electrode 25 that is
on the lower gate electrode 23. The lower gate electrode 23
may be formed of a transparent conductive material, which
may include at least one material selected from indium tin
oxide (ITO), indium zinc oxide (IZO), zinc oxide (Zn0O),
indium oxide (In,0,), indium gallium oxide (IGO), and alu-
minum zinc oxide (AZO). The upper gate electrode 25 may be
formed of a single layer or a plurality of layers formed of a
metal or an alloy of a metal such as Mo, MoW, or an Al-based
alloy, but is not limited thereto. A gate insulating layer 12 for
insulating the gate electrode 20 from the active layer 21 is
interposed therebetween.

[0040] Theactive layer 21 may be formed of a channel area
21c¢ between source and drain areas 21s and 21d. The source
and drain areas 215 and 21d are formed at two opposite edges
of the channel area 21¢. The source and drain areas 21s and
21d are respectively connected to the source and drain elec-
trodes 26 and 27 and are doped with impurities at a high
concentration.

[0041] A first trench 10a and a second trench 105 are
respectively formed in the first capacitor area 3a and the
second capacitor area 3b of the first substrate 10. The first
capacitor Cstl may be formed in the first trench 10a, and the
second capacitor Cst2 may be formed in the second trench
105.

[0042] The first and second trenches 10a and 105 may be an
engraved pattern formed in the first substrate 10. That is, the
engraved pattern of the first and second trenches 10q and 105
may be formed toward an opposite surface facing a surface of
the first substrate 10 on which a pixel electrode 43 is formed.
The first and second trenches 10a and 105 may be formed
with the OLED area 4 therebetween. The first trench 10a may
be formed separate from one side of the OLED area 4, and the
second trench 105 may be formed separate from an opposite
side to the side of the OLED area 4. A length of the first and
second trenches 10a and 105 may be longer than a length of
the pixel electrode 43.

[0043] The first capacitor Cstl may be formed inside the
first trench 10q, and the second capacitor Cst2 may be formed
inside the second trench 105. The first capacitor Cst1 consists
of a first capacitor lower electrode 31a and a first capacitor
upper electrode 33a with the gate insulating layer 12 therebe-
tween. The second capacitor Cst2 consists of a second capaci-
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tor lower electrode 315 and a second capacitor upper elec-
trode 3356 with the gate insulating layer 12 therebetween.
[0044] The first and second capacitor lower electrodes 31a
and 315 may be formed of the same material forming the
active layer 21 of the TFT. Accordingly, the first and second
capacitor lower electrodes 31a and 315 may be formed of a
semiconductor material. The first and second capacitor lower
electrodes 31a and 315 may be doped with impurities, thus
electrical conductivity thereof may be improved. The first and
the second capacitor upper electrodes 33a and 335 may be
formed respectively inside the first and second trenches 10a
and 104 on the gate insulating layer 12.

[0045] Since the first and second capacitors Cstl and Cst2
are respectively formed in the first and second trenches 10a
and 105, a surface area occupied by the first and second
capacitors Cstl and Cst2 is less than when the first and second
capacitors Cstl and Cst2 are formed on a plane surface of the
first substrate 10, and thus, the OLED area 4 may be enlarged.
Accordingly, a luminous efficiency of the organic light-emit-
ting display apparatus 1 may be improved.

[0046] An OLED is formed on the OLED area 4. The
OLED may include the pixel electrode 43 that is connected to
one of the source and drain electrodes 26 and 27 of the TFT,
an opposite electrode 45 facing the pixel electrode 43, and an
intermediate layer 44 interposed between the pixel and oppo-
site electrodes 43 and 45. The pixel electrode 43 may be
formed of a transparent conductive material. The pixel elec-
trode 43 may be formed on the same layer and formed of the
same material with the lower gate electrode 23 of the TFT.
The OLED is described below.

[0047] FIGS. 3 to 10 are cross-sectional views schemati-
cally illustrating a method of manufacturing the organic light-
emitting display apparatus 1 of FIG. 2, according to an exem-
plary embodiment. Hereinafter, the method of manufacturing
the organic light-emitting display apparatus 1 of FIG. 2 will
be schematically described.

[0048] First, as shown in FIG. 3, the first and second
trenches 104 and 104 are formed in the first substrate 10. For
example, the first substrate 10 may be formed of a transparent
glass material including silicon dioxide SiO, as a main com-
ponent. However, the first substrate 10 is not limited thereto,
and a substrate of various materials such as a transparent
plastic material or a metal material may be used. The first and
second trenches 10a and 105 may be an engraved pattern that
is formed from an upper surface of the first substrate 10
toward a lower surface thereof The first and second trenches
10a and 105 may be respectively formed separate from two
opposite sides of the OLED area 4 with the OLED area 4
therebetween.

[0049] Next, as shown in FIG. 4, an auxiliary layer 11 may
be formed on the upper surface of the first substrate 10. The
auxiliary layer 11, such as, for example, a barrier layer, a
blocking layer, and/or a buffer layer, may be disposed on the
upper surface of the first substrate 10 to reduce the possibility
of and/or prevent diffusion of impurity ions and infiltration of
moisture or external air, and to flatten a surface. The auxiliary
layer 11 may be formed by using SiO, and/or SiN_, through
various vapor deposition methods such as a plasma-enhanced
chemical vapor deposition (PECYD) method, an atmospheric
pressure CVD (APCVD) method, or a low-pressure CVD
(LPCVD) method.

[0050] Then, the active layer 21 of the TFT, the first capaci-
tor lower electrode 31a, and the second capacitor lower elec-
trode 315 may be formed on the auxiliary layer 11. For
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example, a poly-crystalline silicon layer (not shown) is
formed by vapor depositing and crystallizing an amorphous
silicon layer (not shown) on an upper surface of the auxiliary
layer 11. The amorphous silicon layer may be crystallized by
using various methods such as at least one of a rapid thermal
annealing (RTA) method, a solid phase crystallization (SPC)
method, an excimer laser annealing (EL.A) method, a metal-
induced crystallization (MIC) method, a metal-induced lat-
eral crystallization (MILC) method, and a sequential lateral
solidification (SLS) method.

[0051] The poly-crystalline silicon layer may be patterned
into the active layer 21 of the TFT, the first capacitor lower
electrode 31a, and the second capacitor lower electrode 315
by performing a mask process using a first mask (not shown).
The first capacitor lower electrode 314 may be formed on the
auxiliary layer 11 inside the first trench 10a, and the second
capacitor lower electrode 315 may be formed on the auxiliary
layer 11 inside the second trench 104.

[0052] According to another embodiment, the first and sec-
ond trenches 10a and 105 in the first substrate 10 may be
formed at the same time when the active layer 21 is formed.
For example, the poly-crystalline silicon layer may be formed
by vapor depositing and crystallizing the amorphous silicon
layer (not shown) on the upper surface of the auxiliary layer
11 after forming the auxiliary layer 11 on the first substrate
10. Later, the first and second trenches 10a and 105 and the
active layer 21 may be patterned by using a half-tone mask.
[0053] Then, as shown in FIG. 5, the gate insulating layer
12, a first conduction layer 234, and a second conduction
layer 25a are sequentially formed on an entire surface of the
first substrate 10 on which the active layer 21 and the first and
second capacitor lower electrodes 31a and 315 are formed.
[0054] Thegateinsulating layer 12 may be formed by vapor
depositing an inorganic insulating layer such as SiN,, or SiO,
by using a PECVD method, an APCVD method, or an
LPCVD method. The gate insulating layer 12 serves as an
insulating layer of the TFT by being interposed between the
active layer 21 of the TFT and the gate electrode 20, as a
dielectric layer of the first capacitor Cstl by being interposed
between the first capacitor upper electrode 33a and the first
capacitor lower electrode 31a, and as a dielectric layer of the
second capacitor Cst2 by being interposed between the sec-
ond capacitor upper electrode 335 and the second capacitor
lower electrode 314.

[0055] The first conduction layer 23@ may include one or
more materials selected from ITO, IZO, ZnO, and a transpar-
ent material such as In,QO,. Later, the first conduction layer
23a may be patterned into the pixel electrode 43, the lower
gate electrode 23, and the first and second upper electrodes
33a and 33b.

[0056] The second conduction layer 25¢ may include one
or more materials selected from Ag, Mg, Al, Pt, Pd, Au, Nj,
Nd, Ir, Cr, Li, Ca, Mo, Ti, W, MoW, and Cu. For example, the
second conduction layer 254 may be formed as a three-lay-
ered structure of Mo—Al—Mo. Later, the second conduction
layer 25a may be patterned into the upper gate electrode 25.
[0057] However, the materials of the first and second con-
duction layers 23a and 25q are not limited thereto, e.g., as
long as embodiments include the first conduction layer 234
having a material that has a better corrosiveness than that of
the second conduction layer 254, and the second conduction
layer 254 having a material that has a lower resistance (allow-
ing current to flow better) than that of the first conduction
layer 23a.
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[0058] Next, as shown in FIG. 6, the gate electrode 20, first
electrode units 43 and 43a, second electrode units 33a and
35a, and third electrode units 335 and 355 are each formed on
the first substrate 10, e.g., on the gate insulation layer 12. For
example, the first conduction layer 23a and the second con-
duction layer 254 that are sequentially stacked on the entire
surface of the first substrate 10 are patterned by a mask
process using a second mask (not shown). As illustrated in
FIG. 6, when the first conduction layer 23a and the second
conduction layer 254 are selectively removed, the gate insu-
lation layer 12 may not be selectively removed.

[0059] In the transistor area 2, the gate electrode 20 is
formed to correspond to the active layer 21. The gate elec-
trode 20 includes the lower gate electrode 23 formed from a
part of the first conduction layer 23a, and the upper gate
electrode 25 formed from a part of the second conduction
layer 25a.

[0060] The gate electrode 20 is formed to correspond to a
center of the active layer 21, and the source and drain areas
21s and 21d are formed at edges of the channel area 21c¢ to
correspond to two sides of the gate electrode 20. The source
and drain areas 21s and 21d are formed by doping the active
layer 21 with n-type or p-type impurities with using the gate
electrode 20 as a self-aligned mask. Here, the impurities may
be boron ions or phosphor ions.

[0061] In the first capacitor area 3a, the second electrode
units 33a and 35a are formed on the first capacitor lower
electrode 31a to form the first capacitor upper electrode 33a
later. In the second capacitor area 35, the third electrode units
33b and 355 are formed on the second capacitor lower elec-
trode 315 to form the second capacitor upper electrode 335
later. The first electrode units 43 and 434 are formed on the
OLED area 4 to form the pixel electrode 43 later.

[0062] Next, as shown in FIG. 7, an interlayer insulating
layer 14 is formed. The interlayer insulating layer 14 includes
first, second, and third openings H1, H2, and H3 respectively
exposing the pixel electrode 43, the first capacitor upper
electrode 334, and the second capacitor upper electrode 335.
The interlayer insulating layer 14 also includes contact holes
H4 and HS partially exposing the source and drain areas 21s
and 214 of the active layer 21, respectively. The interlayer
insulating layer 14 is formed by patterning a first insulating
layer (not shown) after forming the first insulating layer on
the entire surface of the first substrate 10 on which the gate
electrode 20 is formed.

[0063] Theinterlayer insulating layer 14 is formed by using
a method such as spin coating with one or more organic
insulating materials selected from the group polyimide,
polyamide, acryl resin, benzocyclobutene, and phenolic
resin. The interlayer insulating layer 14 is formed with a
sufficient thickness, e.g., to be thicker than the gate insulating
layer 12 described above, and thus, serves as an insulating
layer between the gate electrode 20 of the TFT and the source
and drain electrodes 26 and 27. The interlayer insulating layer
14 may be formed of the inorganic insulating material form-
ing the gate insulating layer 12 described above, as well as the
organic insulating material. Also, the interlayer insulating
layer 14 may be formed by alternately forming the organic
insulating material and the inorganic insulating material.
[0064] For example, the interlayer insulating layer 14,
including the first, second, and third openings H1, H2, and
H3, and the contact holes H4 and H5, is formed by patterning
the first insulating layer by a mask process using a third mask
(not shown). Here, the contact holes H4 and H5 partially
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exposes the source and drain areas 215 and 21d, respectively,
and the first opening H1 exposes the first electrode units 43
and 43a. The second opening H2 exposes the second elec-
trode units 33« and 354, and the third opening H3 exposes the
third electrode units 336 and 355.

[0065] Then, as shown in FIG. 8, the source and drain
electrodes 26 and 27, the pixel electrode 43, the first capacitor
upper electrode 334, and the second capacitorupper electrode
334 are each formed by patterning a third conduction layer
after forming the third conduction layer (not shown) on the
entire surface of the first substrate 10 to cover the interlayer
insulating layer 14.

[0066] The conduction material of the third conduction
layer may be selected from the same conduction materials
forming the first or the second conduction layer 23a or 25a
described above, but is not limited thereto. Also, the conduc-
tion material is vapor deposited to a sufficient thickness to fill
space between the contact holes H4 and H5 and the first,
second, and third openings H1, H2, and H3.

[0067] The source and drain electrodes 26 and 27 are
formed by patterning the third conduction layer by a mask
process using a fourth mask (not shown).

[0068] Thepixel electrode 43, the first capacitor upper elec-
trode 33a, and the second capacitor upper electrode 334 are
formed at the same time when the source and drain electrodes
26 and 27 are formed. However, embodiments are not limited
thereto, e.g., the pixel electrode 43, the first capacitor upper
electrode 334, and the second capacitor upper electrode 335
may be formed by additional etching after forming the source
and drain electrodes 26 and 27.

[0069] The lower gate electrode 23, the first and second
capacitor upper electrodes 33a and 335, and the pixel elec-
trode 43 are formed from the same material layer.

[0070] Here, the first and second capacitor lower electrodes
31a and 315 may be doped by injecting n-type or p-type
impurities through the second and third openings H2 and H3.
The impurities injected for doping the first and second capaci-
tor lower electrodes 31a and 315 may be identical to or
different from the impurities used for doping the active layer
21.

[0071] Next, as shown in FIG. 9, a pixel-defining layer
(PDL) 16, a common layer 442, and an intermediate layer 44
may be formed on the first substrate 10.

[0072] For example, a second insulating layer (not shown)
is formed on the entire surface of the first substrate 10 on
which the pixel electrode 43, the source and drain electrodes
26 and 27, and the first and second capacitor upper electrodes
33a and 33b are formed. Here, the second insulating layer
(not shown) may be formed by using a method such as spin
coating with one or more organic insulating materials
selected from the group consisting of polyimide, polyamide,
acryl resin, benzocyclobutene, and phenolic resin. The sec-
ond insulating layer may also be formed of an inorganic
insulating material selected from SiO,, SiN_, A1,O;, CuO,,
Tb,0,, Y,0;, Nb,Os, and Pr,O;, as well as the organic insu-
lating material. Also, the second insulating layer may have a
multi-layered structure in which the organic insulating mate-
rial and the inorganic insulating material alternate.

[0073] The PDL 16, which defines pixels, may be formed
by forming an opening to expose a center of the pixel elec-
trode 43 by patterning the second insulating layer by a mask
process using a fifth mask (not shown).

[0074] Then, the common layer 442 is formed on the first
substrate 10 on which the PDL 16 is formed, and the inter-
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mediate layer 44, including an emission layer, is formed in the
opening that exposes the center of the pixel electrode 43.
[0075] For example, the intermediate layer 44 includes the
common layer 442 and an emission layer 441. The common
layer includes first common layers 4424 and 4425 and second
common layers 442¢ and 4424 with the intermediate layer 44
thatis between the first common layers 442a and 4425 and the
second common layers 442¢ and 442d.

[0076] The first common layers 442a and 442b may be
formed by sequentially stacking a hole transport layer (HTL)
and a hole injection layer (HIL), respectively, on the emission
layer 441 towards the substrate 10. The second common
layers 442¢ and 442d may be formed by sequentially stacking
an electron transport layer (ETL) and an electron injection
layer (EIL), respectively, on the emission layer 441 away
from the substrate 10.

[0077] The common layer 442 may be formed on the sub-
strate 100 except on at least a part of the OLED area 4. That
is, the first common layers 442a and 4425 and the second
common layers 442¢ and 442d may be sequentially stacked
on the PDL 16 and the first and second capacitor upper elec-
trodes 33a and 335 on the first capacitor area 3a, the second
capacitor area 3b, and the transistor area 2.

[0078] In the OLED area 4, the first common layers 442a
and 4425 may be formed on the emission layer 441 towards
the pixel electrode 43, and the second common layers 442¢
and 442d may be formed on the emission layer 441 away from
the pixel electrode 43.

[0079] The emission layer 441 may be an organic emission
layer EML. The organic EML may include a low or high
molecular weight organic material.

[0080] If the organic EML is formed of a low molecular
weight organic material, the intermediate layer 44 may
include the HTL and HIL of the first common layers 442a and
442 stacked in a direction of the pixel electrode 43 from the
organic EML, and the ETL and EIL of the second common
layers 442¢ and 442d stacked in a direction of the opposite
electrode 45. The emission layer 441 may include other layers
as desired. Here, examples of the low molecular weight
organic material include copper phthalocyanine (CuPc),
N,N'-Di(naphthalene-1-y1)-N,N-diphenyl-benzidine (NPB),
and tris-8-hydroxyquinoline aluminum (Alg3).

[0081] Ifthe organic EML 118 is formed of a high molecu-
lar weight organic material, the intermediate layer 44 may
only include the HTL of the first common layer 442q in a
direction of the pixel electrode 43 from the organic EML. The
HTL of the first common layer 4424 may be formed on the
pixel electrode 43 by a method such as inkjet printing or spin
coating using poly-(2,4)-ethylene-dihydroxy thiophene (PE-
DOT) or polyaniline (PANT). Here, the high molecular weight
organic material may be a polyphenylene vinylene (PPV)-
based or polyfluorene-based high molecular weight organic
material, and a color pattern may be formed by using a com-
mon method such as inkjet printing, spin coating, or a thermal
transfer method using laser.

[0082] The opposite electrode 45 may be vapor deposited
on the entire surface of the first substrate 10 as a common
electrode. As shownin FIG. 10, the opposite electrode 45 may
be formed inside the first trench 10a of the first capacitor area
3a and the second trench 105 of the second capacitor area 35.
[0083] Ina case of the organic light-emitting display appa-
ratus 1 according to an exemplary embodiment, the pixel
electrode 43 may be used as an anode, and the opposite
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electrode 45 may be used as a cathode. However, polarities of
the pixel and opposite electrodes 43 and 45 may be the oppo-
site to this.

[0084] Ifthe organic light-emitting display apparatus 11s a
bottom emission type display where an image is produced in
a direction of the first substrate 10, the pixel electrode 43 is a
transparent electrode, and the opposite electrode 45 is a
reflection electrode. In this case, the reflection electrode may
be formed by thinly vapor depositing a metal having a low
work function, e.g., Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, L1,
Ca, LiF/Ca, LiF/Al, or a compound thereof.

[0085] As described above, the opposite electrode 45 may
be formed in the first and second trenches 10a and 105 formed
atboth sides of the OLED. Thus, as shown in FIG. 11, light P1
or P2 generated from the OLED is not totally reflected in the
first substrate 10, but rather the light P1 or P2 is reflected by
the opposite electrode 45 in the first or the second trench 10a
or 104 to exitout, and thus, luminous efficiency of the organic
light-emitting display apparatus 1 is improved.

[0086] By way of summation and review, organic light-
emitting display apparatuses may have an intermediate layer,
a first electrode, and a second electrode. The intermediate
layer may be arranged between the first electrode and the
second electrode. The intermediate layer includes an organic
emission layer that generates visible light when a voltage is
supplied to the first electrode and the second electrode.
Embodiments relate an organic light-emitting display appa-
ratus and a method of manufacturing the organic light-emit-
ting display apparatus with an increased emission area and
improved light extraction efficiency (e.g., improved luminous
efficiency).

[0087] Exemplary embodiments have been disclosed
herein, and although specific terms are employed, they are
used and are to be interpreted in a generic and descriptive
sense only and not for purpose of limitation. Accordingly, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims

What is claimed is:

1. An organic light-emitting display apparatus, compris-
ing:

a substrate;

aplurality of organic light-emitting diodes (OLEDs) on the
substrate; and

a plurality of capacitors located next to at least one side of
one of the OLEDs, the capacitors being arranged inside
trenches within the substrate.

2. The organic light-emitting display apparatus of claim 1,

wherein the capacitors are spaced apart from the OLEDs.

3. The organic light-emitting display apparatus of claim 1,
wherein the capacitors are arranged next to two sides of the
one of the OLEDs such that the one of the OLEDs is between
the capacitors.

4. The organic light-emitting display apparatus of claim 1,
wherein the capacitors include:

a first capacitor arranged in a first trench in the substrate
and separate from a first side of the one of the OLEDs,
and

a second capacitor arranged in a second trench in the sub-
strate and separate from a second side of the one of the
OLED:s, the second side opposing the first side.
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5. The organic light-emitting display apparatus of claim 4,
wherein a length of the first capacitor is longer than a length
of the first side of the one of the OLEDs.

6. The organic light-emitting display apparatus of claim 4,
wherein a length of the second capacitor is longer than a
length of the second side of the one of the OLED:s.

7. The organic light-emitting display apparatus of claim 4,
further comprising:

at least one transistor including a semiconductor layer, a

gate electrode, source and drain electrodes, and a gate

insulating layer arranged between the semiconductor
layer and the gate electrode,

wherein the one of the OLED:s includes:

a pixel electrode on the gate insulating layer, the pixel
electrode being electrically connected to the at least
one transistor,

an intermediate layer on the pixel electrode, the inter-
mediate layer including a common layer and an emis-
sion layer, and

an opposite electrode that faces the pixel electrode with
the intermediate layer disposed therebetween.

8. The organic light-emitting display apparatus of claim 7,
wherein:

the first capacitor includes a first capacitor lower electrode

and a first capacitor upper electrode arranged within the

first trench, and

the second capacitor includes a second capacitor lower

electrode and a second capacitor upper electrode

arranged within the second trench.

9. The organic light-emitting display apparatus of claim 8,
wherein the gate insulating layer is interposed between the
first capacitor lower electrode and the first capacitor upper
electrode, the gate insulating layer also being interposed
between the second capacitor lower electrode and the second
capacitor upper electrode.

10. The organic light-emitting display apparatus ofclaim 8,
wherein the first capacitor lower electrode and the second
capacitor lower electrode include a same material as the semi-
conductor layer.

11. The organic light-emitting display apparatus of claim 8,
wherein the first capacitor upper electrode and the second
capacitor upper electrode include a same material as the pixel
electrode.

12. The organic light-emitting display apparatus of claim
11, wherein the pixel electrode includes a transparent con-
ductive material.

13. The organic light-emitting display apparatus of claim 7,
wherein:

the common layer includes a hole injection layer, a hole

transport layer, an electron transport layer, and an elec-

tron injection layer, and

the hole transport layer, the hole injection layer, the emis-

sion layer, the electron transport layer, and the electron

injection layer are sequentially stacked on the pixel elec-
trode.

14. The organic light-emitting display apparatus of claim
13, wherein:

the opposite electrode is on a first capacitor upper electrode

of the first capacitor and a second capacitor upper elec-

trode of the second capacitor, and

the hole injection layer, the hole transport layer, the elec-

tron transport layer, and the electron injection layer are

interposed between the opposite electrode and the first
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capacitor upper electrode or between the opposite elec-
trode and the second capacitor upper electrode.

15. The organic light-emitting display apparatus of claim 7,
wherein the semiconductor layer includes amorphous silicon
or crystalline silicon.

16. The organic light-emitting display apparatus of claim 7,
wherein the opposite electrode is a reflection electrode that
reflects light emitted from the emission layer.

# % % k&
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