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SUBSTRATE FOR DISPLAY APPARATUS,
ORGANIC LIGHT EMITTING DISPLAY
APPARATUS, AND MANUFACTURING

METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2017-0096377, filed
on Jul. 28, 2017, in the Korean Intellectual Property Office,
the disclosure of which is incorporated herein in its entirety
by reference.

BACKGROUND

1. Field

[0002] One or more embodiments relate to a substrate
(substrate apparatus) for a display apparatus, an organic
light-emitting display apparatus, and a manufacturing
method thereof.

2. Description of the Related Art

[0003] An organic light-emitting display apparatus
includes a plurality of pixels, each of the pixels including an
organic light-emitting diode that is a self-emission device.
Each pixel includes a plurality of thin film transistors for
driving the organic light-emitting diode, and one or more
capacitors. As demand for ultrahigh resolution increases, a
display apparatus may have difficulty in securing a sufficient
capacitor area for its capacitors.

SUMMARY

[0004] One or more aspects of embodiments are directed
toward a substrate and a display apparatus that may increase
an area of a capacitor without being affected by an area of
a display.

[0005] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0006] According to one or more embodiments, a sub-
strate apparatus for a display apparatus includes a substrate,
and a capacitor on a first surface of the substrate. The
capacitor includes a first electrode, a second electrode facing
the first electrode, and a dielectric layer between the first
electrode and the second electrode. Here, the substrate has a
first hole penetrating through the substrate in an area cot-
responding to a part of the first electrode of the capacitor,
and a first conductive material is in the first hole.

[0007] The substrate apparatus may further include a first
pattern layer and a second pattern layer on the first surface
of the substrate, the first pattern layer being at a same level
as the first electrode of the capacitor and the second pattern
layer being at a same level as the second electrode of the
capacitor, wherein the substrate further has a second hole
penetrating through the substrate in an area corresponding to
a part of each of both end portions of the first pattern layer,
and a second conductive material is in the second hole.

[0008] The first pattern layer may include a semiconductor
material.
[0009] The substrate apparatus may further include an

insulating layer between the first pattern layer and the
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second pattern layer, wherein the insulating layer includes a
material that is the same as or different from the dielectric
layer of the capacitor.

[0010] The substrate apparatus may further include an
active layer on the first surface of the substrate at a same
level as the first electrode of the capacitor, a gate electrode
over the active layer, and a source electrode and a drain
electrode connected to both end portions of the active layer,
respectively.

[0011] The substrate apparatus may further include a pro-
tection layer covering the capacitor.

[0012] According to one or more embodiments, an organic
light-emitting display apparatus includes a substrate, a
capacitor on a first surface of the substrate (the capacitor
including a first electrode, a second electrode facing the first
electrode, and a dielectric layer between the first electrode
and the second electrode), and a first thin film transistor on
a second surface, opposite to the first surface, of the sub-
strate. The first thin film transistor includes a first active
layer, a first gate electrode, and a first source electrode and
a first drain electrode connected to both end portions of the
first active layer, respectively. Here, the substrate has a first
hole penetrating through the substrate in an area correspond-
ing to a part of the first electrode of the capacitor, and a first
conductive material is in the first hole, wherein the organic
light-emitting display apparatus further comprises a connec-
tion electrode electrically connecting one of the first source
electrode and the first drain electrode of the first thin film
transistor to the first conductive material in the substrate.
[0013] The connection electrode may extend from the one
of the first source electrode and the first drain electrode of
the first thin film transistor.

[0014] The capacitor may overlap at least a part of the first
thin film transistor.

[0015] The organic light-emitting display apparatus may
further include a second thin film transistor including, on the
first surface of the substrate, a second active layer at a same
level as the first electrode of the capacitor and a second gate
electrode at a same level as the second electrode of the
capacitor, and on the second surface of the substrate, a
second source electrode and a second drain electrode con-
nected to both end portions of the second active layer,
respectively, wherein the substrate includes a second hole
penetrating through the substrate in an area corresponding to
a part of each of both end portions of the second active layer,
and a second conductive material in the second hole,
wherein the second source electrode and the second drain
electrode come in contact with the second conductive mate-
rial.

[0016] The organic light-emitting display apparatus may
further include an insulating layer between the second active
layer and the second gate electrode, wherein the insulating
layer includes a material that is the same as or different from
the dielectric layer of the capacitor.

[0017] The organic light-emitting display apparatus may
further include a third thin film transistor including, on the
first surface of the substrate, a third active layer at a same
level as the first electrode of the capacitor, a third gate
electrode at a same level as the second electrode of the
capacitor, and a third source electrode and a third drain
electrode connected to both end portions of the third active
layer, respectively,

[0018] The organic light-emitting display apparatus may
further include an emission device arranged above the first
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thin film transistor and including a first electrode, a second
electrode facing the first electrode, and an organic light-
emitting layer between the first electrode and the second
electrode.

[0019] According to one or more embodiments, a method
of manufacturing an organic light-emitting display appara-
tus includes preparing a substrate, forming, on a first surface
of the substrate, a capacitor including a first electrode, a
second electrode facing the first electrode, and a dielectric
layer between the first electrode and the second electrode,
reversing the substrate, and forming a first hole penetrating
through the substrate in an area corresponding to a part of
the first electrode of the capacitor, and filling a first con-
ductive material in the first hole.

[0020] The first hole may be formed by a laser drill
technique.
[0021] The method may further include forming, on a

second surface, opposite to the first surface, of the substrate,
a first thin film transistor including a first active layer, a first
gate electrode, and a first source electrode and a first drain
electrode connected to both end portions of the first active
layer, respectively; and forming a connection electrode
connecting one of the first source electrode and the first drain
electrode of the first thin film transistor to the first conduc-
tive material in the substrate.

[0022] The method may further include forming, on the
first surface of the substrate, a first pattern layer at a same
level as the first electrode of the capacitor and a second
pattern layer at a same level as the second electrode of the
capacitor, reversing the substrate, and forming a second hole
penetrating through the substrate in an area corresponding to
a part of each of both end portions of the first pattern layer,
and filling a second conductive material in the second hole.

[0023] The second hole may be formed by a laser drill
technique.
[0024] The method may further include forming, on a

second surface, opposite to the first surface, of the substrate,
an electrode layer contacting each of both end portions of the
first pattern layer.

[0025] The method may further include forming, on the
first surface of the substrate, an active layer at a same level
as the first electrode of the capacitor, a second gate electrode
at a same level as the second electrode of the capacitor, and
a source electrode and a drain electrode connected to both
end portions of the active layer, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0027] FIG. 1 is a cross-sectional view schematically
illustrating a substrate apparatus for a display apparatus
according to an embodiment;

[0028] FIGS. 2A to 2E are cross-sectional views schemati-
cally illustrating a manufacturing process of the substrate
apparatus of FIG. 1;

[0029] FIG. 3 is a cross-sectional view schematically
illustrating an organic light-emitting display apparatus using
the substrate apparatus of FIG. 1, according to an embodi-
ment;
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[0030] FIGS. 4A to 4E are cross-sectional views schemati-
cally illustrating a manufacturing process of the organic
light-emitting display apparatus according to the embodi-
ment illustrated in FIG. 3;

[0031] FIG. 5 is a cross-sectional view schematically
illustrating a substrate apparatus for a display apparatus
according to another embodiment;

[0032] FIGS. 6A to 6E are cross-sectional views schemati-
cally illustrating a manufacturing process of the substrate
apparatus of FIG. 5;

[0033] FIG. 7 is a cross-sectional view schematically
illustrating an organic light-emitting display apparatus using
the substrate apparatus of FIG. 5;

[0034] FIG. 8 is a cross-sectional view schematically
illustrating a substrate for a display apparatus according to
another embodiment;

[0035] FIGS. 9A to 9D are cross-sectional views sche-
matically illustrating a manufacturing process of the sub-
strate apparatus of FIG. 8;

[0036] FIG. 10 is a cross-sectional view schematically
illustrating a part of an organic light-emitting display appa-
ratus using the substrate apparatus of FIG. 8;

[0037] FIGS. 11 and 12 are cross-sectional views sche-
matically illustrating substrates for a display apparatus
according to other embodiments; and

[0038] FIG. 13 is a graph showing a relationship between
an increase in the area of a capacitor by calculation and the
capacitance of the capacitor.

DETAILED DESCRIPTION

[0039] Advantages and features of the present disclosure
and methods of accomplishing the same may be understood
more readily by reference to the following detailed descrip-
tion of exemplary embodiments and the accompanying
drawings. The present disclosure may, however, be embod-
ied in many different forms and should not be construed as
being limited to the embodiments set forth herein.

[0040] Reference will now be made in detail to embodi-
ments of the present disclosure, examples of which are
illustrated in the accompanying drawings, wherein like
reference numerals refer to the like elements throughout and
redundant explanations are omitted.

[0041] It will be understood that although the terms “first,”
“second,” etc. may be used herein to describe various
components, these components should not be limited by
these terms. These components are only used to distinguish
one component from another.

[0042] As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0043] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the pres-
ence of stated features or components, but do not preclude
the presence or addition of one or more other features or
components.

[0044] Sizes of components in the drawings may be exag-
gerated for convenience of explanation. In other words,
since sizes and thicknesses of components in the drawings
are arbitrarily illustrated for convenience of explanation, the
following embodiments are not limited thereto.

[0045] FIG. 1 is a cross-sectional view schematically
illustrating a substrate apparatus 1 for a display apparatus
according to an embodiment.
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[0046] Referring to FIG. 1, the substrate apparatus 1
according to the present embodiment may include a sub-
strate 10 and a capacitor 20 formed on (e.g., below) the first
surface 11 of the substrate 10.

[0047] The capacitor 20 may include a first electrode 21
on the first surface 11 of the substrate 10, a second electrode
23 on the first electrode 21, and a dielectric layer 22 between
the first electrode 21 and the second electrode 23. A pro-
tection layer 30 that entirely covers the first surface 11 of the
substrate 10 may be provided over the capacitor 20 to, e.g.,
encapsulate the capacitor 20.

[0048] The substrate 10 may be a substrate having various
materials such as a glass material, a plastic material, and/or
a metal material.

[0049] The substrate 10 may have a hole SH for exposing
a part of the first electrode 21 of the capacitor 20, and a
conductive material 40 filling the hole SH. The conductive
material 40 may electrically connect the capacitor 20 and
circuit elements arranged on (e.g., above) a second surface
12 of the substrate 10.

[0050] FIGS. 2Ato 2E are cross-sectional views schemati-
cally illustrating a manufacturing process of the substrate
apparatus 1 of FIG. 1.

[0051] Referring to FIG. 2A, the substrate 10 is prepared,
and a first conductive layer 21', a dielectric layer 22', and a
second conductive layer 23' are sequentially deposited on
the first surface 11 of the substrate 10. The dielectric layer
22' may be configured with one insulating layer or two or
more insulating layers.

[0052] Referring to FIG. 2B, the first conductive layer 21',
the dielectric layer 22', and the second conductive layer 23'
are patterned. Accordingly, the capacitor 20 including the
first electrode 21, the second electrode 23, and the dielectric
layer 22 between the first electrode 21 and the second
electrode 23 is formed.

[0053] Referring to FIG. 2C, the protection layer 30 is
formed entirely over the first surface 11 of the substrate 10
where the capacitor 20 is formed.

[0054] The protection layer 30 may be formed in a single
layer or a multilayer by a deposition and/or film lamination
process using inorganic insulating material(s) and/or organic
insulating material(s). The protection layer 30 may include
a material that is the same as or different from the dielectric
layer 22.

[0055] Referring to FIG. 2D, the substrate 10 is reversed,
and the hole SH is formed in the substrate 10.

[0056] The hole SH may be formed by irradiating a laser
beam in an area P of the second surface 12 of the substrate
10 that is reversed. The hole SH may be formed by using, for
example, a laser drill technique. The laser drill technique
uses various pulse lasers. The laser drill technique is a
non-contact type process, and may form a fine hole pattern
in the substrate 10 with a minimum or reduce allowance
range compared to a machine drill technique. Furthermore,
the laser drill technique does not need patterning and has a
simple process. The hole SH may be formed with a certain
diameter by penetrating through the substrate 10 to expose
a part of the first electrode 21 of the capacitor 20.

[0057] Referring to FIG. 2E, the hole SH of the substrate
10 may be filled with the conductive material 40.

[0058] FIG. 3 is a cross-sectional view schematically
illustrating an organic light-emitting display apparatus 2
using the substrate apparatus 1 of FIG. 1, according to an
embodiment.
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[0059] Referring to FIG. 3, the organic light-emitting
display apparatus 2 according to the present embodiment
may include the substrate 10, a first device layer 101 on the
first surface 11 of the substrate 10, and a second device layer
103 on the second surface 12 of the substrate 10.

[0060] The substrate 10 may be provided with the hole SH
and the conductive material 40 filling the hole SH. The
conductive material 40 may electrically connect devices of
the first device layer 101 and devices of the second device
layer 103.

[0061] The first device layer 101 may include the capaci-
tor 20.
[0062] The capacitor 20 may include the first electrode 21,

the second electrode 23, and the dielectric layer 22 between
the first electrode 21 and the second electrode 23. The
protection layer 30 may be arranged over the capacitor 20.
[0063] The second device layer 103 may include a thin
film transistor 60 and an emission device 70.

[0064] The thin film transistor 60 may include an active
layer 61, a gate electrode 63 arranged to be insulated from
the active layer 61, and a drain electrode 65 and a source
electrode 67 respectively and electrically connected to a
drain area and a source area of the active layer 61. A
connection electrode 69 extending from the source electrode
67 of the thin film transistor 60 comes in contact with the
conductive material 40, thereby electrically connecting the
thin film transistor 60 and the capacitor 20.

[0065] A buffer layer 51 may be arranged between the
substrate 10 and the thin film transistor 60.

[0066] A firstinsulating layer 52 may be arranged between
the active layer 61 and the gate electrode 63 (e.g., along a
thickness direction of the display apparatus 2), and a second
insulating layer 53 may be arranged around and/or between
(e.g., laterally) the gate electrode 63, the drain electrode 65,
and the source electrode 67.

[0067] The emission device 70 may include a first elec-
trode 71, a second electrode 75 arranged facing the first
electrode 71, and an intermediate layer 73 arranged between
the first electrode 71 and the second electrode 75 and
including an organic emission layer. The first electrode 71 is
arranged over a third insulating layer 54 covering the thin
film transistor 60. The first electrode 71 is electrically
connected to the drain electrode 65 or the source electrode
67 (the drain electrode 65 in the embodiment of FIG. 3). An
edge of the first electrode 71 is covered with a pixel defining
film 55.

[0068] The first electrode 71 may be formed in an inde-
pendent island form for each pixel. The second electrode 75
may be formed in a thin film form having a thickness of
several to tens of nanometers, and may be provided to be
electrically connected across all pixels included in the
organic light-emitting display apparatus 2.

[0069] The intermediate layer 73 may include an organic
emission layer for emitting light, 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) may be further arranged. However, the present
disclosure is not limited thereto, and various functional
layers may be further arranged between the first electrode 71
and the second electrode 75.

[0070] The organic emission layer may emit a red light, a
green light, or a blue light. However, the present disclosure
is not limited thereto, and the organic emission layer may
emit a white light. In this case, the organic emission layer
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may include a structure in which an emission material
emitting a red light, an emission material emitting a green
light, and an emission material emitting a blue light are
staked on one another, or a structure in which the emission
material emitting a red light, the emission material emitting
a green light, and the emission material emitting a blue light
are mixed with one another.

[0071] The red, green, and blue lights are merely exem-
plary, and the present disclosure is not limited thereto. In
other words, if a white light can be emitted, a combination
of other various suitable colors other than the combination
of red, green, and blue may be used.

[0072] The organic light-emitting display apparatus 2
according to the present embodiment may be of a top
emission type that implements an image in a direction
toward the second electrode 75, and a pixel circuit portion
including the thin film transistor 60, the capacitor 20, etc.
may be arranged overlapping the emission device 70 in a
vertical direction (e.g., along a thickness direction of the
display apparatus 2). In another embodiment, the organic
light-emitting display apparatus 2 may be a bottom emission
type that implements an image in a direction toward the first
surface 11 of the substrate 10, and the pixel circuit portion
including the thin film transistor 60, the capacitor 20, etc.
may be arranged not overlapping the emission device 70.
[0073] FIGS. 4Ato 4E are cross-sectional views schemati-
cally illustrating a manufacturing process of the organic
light-emitting display apparatus 2 according to the embodi-
ment illustrated in FIG. 3.

[0074] Referring to FIG. 4A, the buffer layer 51 is formed
on the second surface 12 of the substrate 10, in which the
capacitor 20 is formed on the first surface 11 as a result of
the process of FIGS. 2A to 2E, and then a semiconductor
layer is formed on the buffer layer 51. The active layer 61 of
the thin film transistor 60 is formed by patterning the
semiconductor layer.

[0075] The buffer layer 51 performs functions of prevent-
ing or protecting from intrusion of impure elements into the
substrate 10 and planarizing a surface. The buffer layer 51
may be formed of an inorganic material such as silicon
nitride (SiNx) and/or silicon oxide (Si0Ox) in a single layer
or a multilayer.

[0076] The semiconductor layer may include various
materials. For example, the semiconductor layer may
include an inorganic semiconductor material such as amor-
phous silicon or crystalline silicon. In another example, the
semiconductor layer may include an oxide semiconductor or
an organic semiconductor material.

[0077] Referring to FIG. 4B, the first insulating layer 52 is
formed over the active layer 61, a third conductive layer is
formed over the first insulating layer 52 and then patterned.
Accordingly, the gate electrode 63 of the thin film transistor
60 may be formed.

[0078] The first insulating layer 52 may be formed as an
inorganic insulating film of a single layer or a multilayer.

[0079] Referring to FIG. 4C, the second insulating layer
53 is formed over the gate electrode 63, and the buffer layer
51, the first insulating layer 52 and the second insulating
layer 53 are patterned. Accordingly, contact holes CH1 and
CH2 for exposing parts of the drain area and the source area
of the active layer 61 may be formed in the first insulating
layer 52 and the second insulating layer 53, and a contact
hole CH3 for exposing a part of the conductive material 40
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may be formed in the buffer layer 51, the first insulating
layer 52 and the second insulating layer 53.

[0080] The second insulating layer 53, similarly to the first
insulating layer 52, may be formed of an inorganic insulat-
ing film in a single layer or a multilayer.

[0081] Referring to FIG. 4D, a fourth conductive layer is
formed over the second insulating layer 53 to fill the contact
holes CH1, CH2, and CH3, and then patterned. Accordingly,
the drain electrode 65 and the source electrode 67 of the thin
film transistor 60 may be formed. The drain electrode 65 and
the source electrode 67 may be electrically connected to
both end portions of the active layer 61, that is, the drain area
and the source area. Simultaneously or concurrently, the
connection electrode 69 connecting the thin film transistor
60 (the source electrode 67 of the thin film transistor 60 in
FIG. 4D) and the capacitor 20 may be formed.

[0082] Referring to FIG. 4E, the third insulating layer 54
is formed over the thin film transistor 60, and the third
insulating layer 54 is patterned. Accordingly, a via hole VH
for exposing a part of the drain electrode 65 of the thin film
transistor 60 may be formed in the third insulating layer 54.
[0083] The third insulating layer 54 covers the pixel
circuit portion including the thin film transistor 60.

[0084] The third insulating layer 54, similarly to the
second insulating layer 53, may be formed of an inorganic
insulating film in a single layer or a multilayer. In another
embodiment, the third insulating layer 54 may be formed of
an organic insulating film in a single layer or multilayer.
[0085] Next, a fifth conductive layer is formed over the
third insulating layer 54, and the first electrode 71 of the
emission device 70 is formed by patterning the fifth con-
ductive layer. The first electrode 71 may be electrically
connected to the drain electrode 65 of the thin film transistor
60 via the via hole VH. The first electrode 71 may be
arranged to at least partially overlap the thin film transistor
60 and the capacitor 20.

[0086] Next, a fourth insulating layer is formed over the
first electrode 71 of the emission device 70, and the pixel
defining film 55 is formed by patterning the fourth insulating
layer. The pixel defining film 55 may cover an edge of the
first electrode 71 of each pixel.

[0087] The fourth insulating layer, similarly to the third
insulating layer 54, may be formed of an organic insulating
film in a single layer or a multilayer.

[0088] Then, the intermediate layer 73 of FIG. 3 and the
second electrode 75 of FIG. 3 are formed over the first
electrode 71, and the substrate 10 may be sealed with a
sealing member. A capping layer and a filler may be pro-
vided between the substrate 10 and the sealing member.
[0089] FIG. 5 is a cross-sectional view schematically
illustrating a substrate apparatus 1a for a display apparatus
according to another embodiment.

[0090] Referring to FIG. 5, the substrate apparatus la
according to the present embodiment may include a capaci-
tor 20a formed in a first area A1 of the first surface 11 of the
substrate 10 and an element structure 80a formed in a second
area A2 thereof.

[0091] The capacitor 20a may include a first electrode 21a
and a second electrode 234 arranged above the first electrode
21a. An insulating layer 25 may function as a dielectric layer
of the capacitor 20a between the first electrode 21a and the
second electrode 23a.

[0092] The element structure 80¢ may include a first
pattern layer 81 and a second pattern layer 83. The first
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pattern layer 81 may be a semiconductor layer including
impurity doping areas at both end portions and a channel
area between both impurity doping areas. The second pattern
layer 83 may be an electrode layer of a conductive material.
[0093] The element structure 80a may be used as a thin
film transistor in which the first pattern layer 81 and the
second pattern layer 83 are respectively used as an active
layer and a gate electrode. In this case, the insulating layer
25 may function as a gate insulating layer between the first
pattern layer 81 and the second pattern layer 83.

[0094] The substrate 10 may be a substrate having various
materials such as a glass material, a plastic material, and/or
a metal material.

[0095] The substrate 10 may include a first hole SH1 for
exposing a part of the first electrode 21a of the capacitor 20a
and a second hole SH2 for exposing a part of each of both
end portions of the first pattern layer 81.

[0096] The first hole SH1 and the second hole SH2 may be
respectively filled with a first conductive material 40a and a
second conductive material 405. The first conductive mate-
rial 40a may electrically connect the capacitor 20a and
circuit elements formed on the second surface 12 of the
substrate 10. The second conductive material 405 may
electrically connect the element structure §0¢ and an ele-
ment structure and/or the circuit elements formed on (e.g.,
above) the second surface 12 of the substrate 10.

[0097] The protection layer 30 that entirely covers the first
surface 11 of the substrate 10 may be provided over the
capacitor 20a and the element structure 80a.

[0098] FIGS. 6A to 6E are cross-sectional views schemati-
cally illustrating a manufacturing process of the substrate
apparatus 1a of FIG. 5.

[0099] Referring to FIG. 6 A, the substrate 10 is prepared,
and after the semiconductor layer is formed on the first
surface 11 of the substrate 10, the semiconductor layer is
patterned, thereby forming the first electrode 21a and the
first pattern layer 81.

[0100] Although in FIG. 6A, the first electrode 21a and the
first pattern layer 81 are formed of the same material, the
present disclosure is not limited thereto. For example, after
the semiconductor layer is formed on the first surface 11 of
the substrate 10, the first pattern layer 81 is formed by
patterning the semiconductor layer, and after a conductive
layer is formed, the first electrode 21a may be formed by
patterning the conductive layer. In this state, the formation
sequence of the first electrode 21a and the first pattern layer
81 is not particularly limited.

[0101] Referring to FIG. 6B, the insulating layer 25 is
formed over the first electrode 21a and the first pattern layer
81. After the conductive layer is formed over the insulating
layer 25, the second electrode 234 and the second pattern
layer 83 may be formed by patterning the conductive layer.
Accordingly, the capacitor 20a may be formed in the first
area A1, and the element structure §0a may be formed in the
second area A2,

[0102] The insulating layer 25 may be formed of an
inorganic insulating film in a single layer or a multilayer.
[0103] Referring to FIG. 6C, the protection layer 30 is
formed over the second electrode 23a and the second pattern
layer 83.

[0104] The protection layer 30 may be formed by a
deposition and/or film lamination process using inorganic
insulating material(s) and/or organic insulating material(s).
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The protection layer 30 may include a material that is the
same as ot different from the dielectric layer 22.

[0105] Referring to FIG. 6D, the substrate 10 is reversed,
and the first hole SH1 and the second hole SH2 are formed
in the substrate 10.

[0106] The first hole SH1 and the second hole SH2 may be
formed by irradiating a laser beam onto the area P of the
second surface 12 of the substrate 10 that is reversed. The
first hole SH1 and the second hole SH2 may be formed by
using, for example, a laser drill technique. The first hole SH1
may be formed with a certain diameter by penetrating
through the substrate 10 to expose a part of the first electrode
21 of the capacitor 20. The second hole SH2 may be formed
with a certain diameter by penetrating through the substrate
10 1o expose both end portions of the first pattern layer 81.
[0107] Referring to FIG. 6E, the first hole SH1 and the
second hole SH2 of the substrate 10 may be filled with the
first conductive material 40¢ and the second conductive
material 405, respectively. The first conductive material 404
and the second conductive material 406 may be the same
material or different materials.

[0108] FIG. 7 is a cross-sectional view schematically
illustrating an organic light-emitting display apparatus 2A
using the substrate apparatus 1a of FIG. 5.

[0109] Referring to FIG. 7, the organic light-emitting
display apparatus 2A according to the present embodiment
may include the substrate 10, a first device layer 102 on the
first surface 11 of the substrate 10, and a second device layer
104 on the second surface 12 of the substrate 10.

[0110] The first conductive material 40a and the second
conductive material 405 filled in the first hole SH1 and the
second hole SH2 may be provided in the substrate 10. The
first conductive material 40¢ and the second conductive
material 405 may electrically connect elements of the first
device layer 102 and elements of the second device layer
104.

[0111] The first device layer 102 may include the capacitor
20a and the element structure 80a. The protection layer 30
that entirely covers the first surface 11 of the substrate 10
may be provided over the capacitor 20a and the element
structure 80a.

[0112] The capacitor 20a may include the first electrode
21a, the second electrode 23a, and the insulating layer 25
between the first electrode 21a and the second electrode 23¢.
[0113] The element structure 80a may include the first
pattern layer 81 and the second pattern layer 83.

[0114] The first electrode 21a of the capacitor 20a and the
first pattern layer 81 of the element structure 8§0a may
include the same material or different materials.

[0115] The second device layer 104 may include the thin
film transistor 60 and the emission device 70.

[0116] The thin film transistor 60 may include the active
layer 61, the gate electrode 63, the drain electrode 65, and
the source electrode 67. The drain electrode 65 and the
source electrode 67 are electrically connected to the drain
area and the source area of the active layer 61, respectively.
The connection electrode 69 extending from one electrode
(e.g., the source electrode 67 in FIG. 7) of the thin film
transistor 60 comes in contact with the first conductive
material 40qa, thereby electrically connecting the thin film
transistor 60 and the capacitor 20a.

[0117] The buffer layer 51 may be arranged between the
substrate 10 and the thin film transistor 60. The first insu-
lating layer 52 may be arranged between the active layer 61
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and the gate electrode 63, and the second insulating layer 53
may be arranged between the gate electrode 63, the drain
electrode 65, and the source electrode 67.

[0118] The drain electrode 65 and the source electrode 67
may be electrically connected to the active layer 61, respec-
tively via the contact holes CH1 and CH2 formed in the first
insulating layer 52 and the second insulating layer 53 and
exposing parts of both end portions of the active layer 61.
The connection electrode 69 comes in contact with the first
conductive material 40a via the contact hole CH3 formed in
the buffer layer 51, the first insulating layer 52, and the
second insulating layer 53 and exposing a part of the first
conductive material 40a. Accordingly, the connection elec-
trode 69 may electrically connect the thin film transistor 60
and the capacitor 20a.

[0119] The emission device 70 may include the first elec-
trode 71, the second electrode 75 facing the first electrode
71, and the intermediate layer 73 arranged between the first
electrode 71 and the second electrode 75 and including an
organic emission layer. The first electrode 71 is arranged on
the third insulating layer 54 and electrically connected to the
drain electrode 65 or the source electrode 67 (the drain
electrode 65 in the embodiment of FIG. 7). An edge of the
first electrode 71 is covered with the pixel defining film 55.
[0120] A second thin film transistor 80 may be provided
across the first device layer 102 and the second device layer
104.

[0121] The second thin film transistor 80 may include the
first pattern layer 81 and the second pattern layer 83 pro-
vided over the first surface 11 of the substrate 10, respec-
tively as an active layer and a gate electrode, and include a
drain electrode 85 and a source electrode 87 provided on
(e.g., above) the second surface 12 of the substrate 10.
[0122] The drain electrode 85 and the source electrode 87
come in contact with the second conductive material 405,
respectively via contact holes CH4 and CHS formed in the
buffer layer 51, the first insulating layer 52, and the second
insulating layer 53 and exposing a part of the second
conductive material 405. Accordingly, the drain electrode 85
and the source electrode 87 may be electrically connected to
both end portions of the first pattern layer 81.

[0123] FIG. 8 is a cross-sectional view schematically
illustrating a substrate apparatus 15 for a display apparatus
according to another embodiment.

[0124] Referring to FIG. 8, the substrate apparatus 15
according to the present embodiment may include a capaci-
tor 206 formed in the first area Al of the first surface 11 of
the substrate 10 and a third thin film transistor 805 formed
in the second area A2.

[0125] The capacitor 205 may include a first electrode 215
and a second electrode 235 above the first electrode 215. The
insulating layer 25 may function as a dielectric layer of the
capacitor 205 between the first electrode 215 and the second
electrode 235.

[0126] The third thin film transistor 805 may include an
active layer 815, a gate electrode 835, a drain electrode 855,
and a source electrode 87b. The drain electrode 855 and the
source electrode 875 come in contact with a drain area and
a source area of the active layer 815 via a sixth contact hole
CHS6 and a seventh contact hole CH7.

[0127] The insulating layer 25 may function as a gate
insulating layer between the active layer 815 and the gate
electrode 835. An insulating layer 27 functions as an inter-
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layer insulating layer between the gate electrode 835, and
the drain electrode 855 and the source electrode 87b.
[0128] A protection layer 305 that entirely covers the first
surface 11 of the substrate 10 may be provided above the
capacitor 205 and the third thin film transistor 804.

[0129] The substrate 10 may be a substrate having various
materials such as a glass material, a plastic material, or a
metal material.

[0130] The substrate 10 may include the hole SH for
exposing a part of the first electrode 215 of the capacitor
205.

[0131] The hole SH may be filled with the conductive
material 40. The conductive material 40 may electrically
connect the capacitor 205 and the circuit elements formed on
the second surface 12 of the substrate 10.

[0132] FIGS. 9A to 9D are cross-sectional views sche-
matically illustrating a manufacturing process of the sub-
strate apparatus 15 of FIG. 8.

[0133] Referring to FIG. 9A, as illustrated in FIGS. 6A
and 6B, the substrate 10 is prepared, after the semiconductor
layer is formed on the first surface 11 of the substrate 10, the
first electrode 215 and the active layer 815 may be respec-
tively formed in the first area A1 and the second area A2 by
patterning the semiconductor layer. In another embodiment,
after the semiconductor layer is formed on the first surface
11 of the substrate 10, the active layer 815 is formed by
patterning the semiconductor layer. After the conductive
layer is formed, the first electrode 215 may be formed by
patterning the conductive layer. In this state, the formation
sequence of the first electrode 215 and the active layer 815
is not particularly limited.

[0134] Next, the insulating layer 25 is formed over the first
electrode 215 and the active layer 815, and after the con-
ductive layer is formed over the insulating layer 25, the
second electrode 236 and the gate electrode 835 may be
formed by patterning the conductive layer.

[0135] Next, the insulating layer 27 is formed over the
second electrode 235 and the gate electrode 835, and the
sixth contact hole CH6 and the seventh contact hole CH7 for
exposing parts of the drain area and the source area of the
active layer 814 are formed in the insulating layer 27 of the
second area A2.

[0136] Referring to FIG. 9B, after the conductive layer is
formed over the insulating layer 27, the drain electrode 8564
and the source electrode 87b are formed in the second area
A2 by patterning conductive layer. The drain electrode 855
and the source electrode 87b come in contact with the drain
area and the source area of the active layer 815 via the sixth
contact hole CH6 and the seventh contact hole CH7. Accord-
ingly, the capacitor 205 may be formed in the first area A1,
and the third thin film transistor 805 may be formed in the
second area A2.

[0137] The insulating layers 25 and 27 may be formed of
an inorganic insulating film in a single layer or a multilayer.
[0138] The protection layer 304 is formed over the drain
electrode 855 and the source electrode 875.

[0139] Referring to FIG. 9C, the substrate 10 is reversed,
and the hole SH is formed in the substrate 10.

[0140] The hole SH may be formed by using, for example,
a laser drill technique. Various pulse lasers may be used for
a laser drilling method. The hole SH may be formed with a
certain diameter by penetrating through the substrate 10 to
expose a part of the first electrode 215 of the capacitor 204.
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[0141] Referring to FIG. 9D, the hole SH of the substrate
10 may be filled with the conductive material 40.

[0142] FIG. 10 is a cross-sectional view schematically
illustrating a part of an organic light-emitting display appa-
ratus 2b using the substrate apparatus of FIG. 8.

[0143] Referring to FIG. 10, the organic light-emitting
display apparatus 2b according to the present embodiment
may include the substrate 10, a first device layer 105
provided on the first surface 11 of the substrate 10, a second
device layer 107 provided on the second surface 12 of the
substrate 10.

[0144] The substrate 10 may include the conductive mate-
rial 40 filled in the hole SH. The conductive material 40 may
electrically connect elements of the first device layer 105
and elements of the second device layer 107.

[0145] The first device layer 102 may include the capaci-
tor 205 and the third thin film transistor 80b.

[0146] The capacitor 205 may include the first electrode
215 and the second electrode 235. The insulating layer 25
may function as a dielectric layer between the first electrode
215 and the second electrode 23b.

[0147] The third thin film transistor 805 may include the
active layer 815, the gate electrode 835, the drain electrode
855, and the source electrode 87b. The drain electrode 854
and the source electrode 875 are electrically connected to the
drain area and the source area of the active layer 8§15,
respectively via the sixth contact hole CH6 and the seventh
contact hole CH7.

[0148] The second device layer 107 may include the thin
film transistor 60, a fourth thin film transistor 90, and the
emission device 70.

[0149] The thin film transistor 60 may include the active
layer 61, the gate electrode 63, the drain electrode 65, and
the source electrode 67. The drain electrode 65 and the
source electrode 67 may be electrically connected to the
active layer 61 via the contact holes CH1 and CH2 formed
in the first insulating layer 52 and the second insulating layer
53 and exposing parts of both end portions of the active layer
61. The connection electrode 69 comes in contact with the
conductive material 40 via the contact hole CH3 formed in
the buffer layer 51, the first insulating layer 52, and the
second insulating layer 53 and exposing a part of the
conductive material 40. Accordingly, the connection elec-
trode 69 may electrically connect the thin film transistor 60
and the capacitor 205.

[0150] The fourth thin film transistor 90 may include an
active layer 91, a gate electrode 93, a drain electrode 95, and
a source electrode 97. The drain electrode 95 and the source
electrode 97 may be electrically connected to the active
layer 91 via contact holes CH8 and CH9 formed in the first
insulating layer 52 and the second insulating layer 53 and
exposing parts of both end portions of the active layer 91.
[0151] The emission device 70 may include the first
electrode 71, the second electrode 75 facing the first elec-
trode 71, and the intermediate layer 73 arranged between the
first electrode 71 and the second electrode 75 and including
an organic emission layer.

[0152] In the embodiments of FIGS. 9 and 10, a double-
sided emission display apparatus may be implemented as a
thin film transistor is provided at each of the first surface 11
and the second surface 12 of the substrate 10, or a modifi-
cation is possible such that a sensor is arranged on (e.g.,
below) the first surface 11 and a display apparatus is
implemented on (e.g., above) the second surface 12.
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[0153] FIGS. 11 and 12 are cross-sectional views sche-
matically illustrating substrate apparatus 1¢ and 1 d for a
display apparatus according to other embodiments.

[0154] The embodiment of FIG. 11 is a modified example
in which the capacitor 20a and the element structure 80a
illustrated in FIG. 5 and the third thin film transistor 805
illustrated in FIG. 8 are provided on the first surface 11 of
the substrate 10. An organic light-emitting display may be
manufactured by using the substrate 1c¢ (for a display
apparatus illustrated in FIG. 11).

[0155] The embodiment of FIG. 12 is different from the
above-described embodiment, in which the first electrode of
the capacitor and the first pattern layer of the element
structure or the active layer of the thin film transistor are
simultaneously or concurrently formed, in that an element
structure 804 is formed after a capacitor 204 is formed on the
first surface 11 of the substrate 10.

[0156] Referring to FIG. 12, as illustrated in FIGS. 2A and
2B, a first electrode 214, a dielectric layer 224, and a second
electrode 23d are sequentially deposited on the first surface
11 of the substrate 10 and then patterned to form the
capacitor 204 including the first electrode 214, the dielectric
layer 22d, and the second electrode 234 in the first area Al.
[0157] Next, a semiconductor layer is formed on the
second area A2 and then patterned to form a first pattern
layer 81d. The insulating layer 25 is formed entirely over the
first surface 11 of the substrate 10. Next, a conductive layer
is formed on the insulating layer 25 and then patterned to
form a second pattern layer 83d.

[0158] Next, an insulating layer is formed over the second
pattern layer 83d to form the element structure 80d, or a thin
film transistor may be formed by adding a drain electrode
and a source electrode.

[0159] FIG. 13 is a graph showing a relationship between
an increase in the area of a capacitor by calculation and the
capacitance of a capacitor. Referring to FI1G. 13, as the area
of a capacitor increases, the capacitance of the capacitor
increases. As the capacitance of a capacitor increases, a
display apparatus may maintain a stable emission state.
[0160] In an organic light-emitting display apparatus, a
storage capacitor stores a data voltage and retains emission
of a pixel for one frame. As the capacitance of a storage
capacitor increases, stable emission may be maintained. As
a resolution increases, a pixel size of an organic light-
emitting display apparatus decrease, and thus the size of a
storage capacitor is restricted.

[0161] In the embodiments of the present disclosure,
because a storage capacitor is formed on a surface opposite
to a surface where circuit elements are formed, and a
conductive passage is formed in the substrate by the laser
drill technique, the area of a capacitor may be increased
without being restricted by an active area. Accordingly, a
sufficient capacitance of a storage capacitor may be secured,
and thus a process margin may be increased and stable
device manufacture may be possible.

[0162] In the embodiments of the present disclosure, since
the capacitor, the thin film transistor, and other elements are
formed on both surfaces of the substrate by freely modifying
the same according to the pixel size and purposes thereof,
various display apparatuses may be implemented.

[0163] As described above, according to the embodiments
of the present disclosure, since the capacitance of a capacitor
is sufficiently secured and thus stable emission may be
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maintained, a high-resolution display apparatus with
improved display quality may be provided.

[0164] Expressions such as “at least one of”, “one of” or
“selected from” when preceding a list of elements, modify
the entire list of elements and do not modify the individual
elements of the list. Further, the use of “may” when describ-
ing embodiments of the present invention refers to “one or
more embodiments of the present invention.” As used
herein, the terms “use,” “using,” and “used” may be con-
sidered synonymous with the terms “utilize,” “utilizing,”
and “utilized,” respectively.

[0165] It will be understood that when an element or layer
is referred to as being “on”, “connected to”, “coupled to”, or
“adjacent to” another element or layer, it can be directly on,
connected to, coupled to, or adjacent to the other element or
layer, or one or more intervening elements or layers may be
present. In contrast, when an element or layer is referred to
as being “directly on,” “directly connected to”, “directly
coupled to”, or “immediately adjacent to” another element
or layer, there are no intervening elements or layers present.
[0166] Spatially relative terms, such as “beneath”,
“below”, “lower”, “under”, “above”, “upper” and the like,
may be used herein for ease of description to describe one
element or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. It will be understood
that the spatially relative terms are intended to encompass
different orientations of the device in use or in operation, in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements
described as “below” or “beneath” or “under” other ele-
ments or features would then be oriented “above” the other
elements or features. Thus, the example terms “below” and
“under” can encompass both an orientation of above and
below. The device may be otherwise oriented (e.g., rotated
90 degrees or at other orientations) and the spatially relative
descriptors used herein should be interpreted accordingly. In
addition, it will also be understood that when a layer is
referred to as being “between” two layers, it can be the only
layer between the two layers, or one or more intervening
layers may also be present.

[0167] It should be understood that embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or
aspects in other embodiments.

[0168] While one or more embodiments have been
described with reference to the figures, 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 as defined by the following claims.

What is claimed is:
1. A substrate apparatus for a display apparatus compris-
ing:

a substrate; and

a capacitor on a first surface of the substrate, the capacitor
including a first electrode, a second electrode facing the
first electrode, and a dielectric layer between the first
electrode and the second electrode,

wherein the substrate has a first hole penetrating through
the substrate in an area corresponding to a part of the
first electrode of the capacitor, and a first conductive
material is in the first hole.
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2. The substrate apparatus of claim 1, further comprising:

a first pattern layer and a second pattern layer on the first
surface of the substrate, the first pattern layer being at
a same level as the first electrode of the capacitor and
the second pattern layer being at a same level as the
second electrode of the capacitor,

wherein the substrate further has a second hole penetrat-
ing through the substrate in an area corresponding to a
part of each of both end portions of the first pattern
layer, and a second conductive material is in the second
hole.

3. The substrate apparatus of claim 2, wherein the first

pattern layer includes a semiconductor material.

4. The substrate apparatus of claim 2, further comprising
an insulating layer between the first pattern layer and the
second pattern layer,

wherein the insulating layer includes a material that is the
same as or different from the dielectric layer of the
capacitor.

5. The substrate apparatus of claim 1, further comprising:

an active layer on the first surface of the substrate at a
same level as the first electrode of the capacitor;

a gate electrode over the active layer; and

a source electrode and a drain electrode connected to both
end portions of the active layer, respectively.

6. The substrate apparatus of claim 1, further comprising

a protection layer covering the capacitor.

7. An organic light-emitting display apparatus compris-
ing:

a substrate;

a capacitor on a first surface of the substrate, the capacitor
including a first electrode, a second electrode facing the
first electrode, and a dielectric layer between the first
electrode and the second electrode; and

a first thin film transistor on a second surface, opposite to
the first surface, of the substrate, the first thin film
transistor including a first active layer, a first gate
electrode, and a first source electrode and a first drain
electrode connected to both end portions of the first
active layer, respectively,

wherein the substrate has a first hole penetrating through
the substrate in an area corresponding to a part of the
first electrode of the capacitor, and a first conductive
material is in the first hole,

wherein the organic light-emitting display apparatus fur-
ther comprises a connection electrode electrically con-
necting one of the first source electrode and the first
drain electrode of the first thin film transistor and the
first conductive material in the substrate.

8. The organic light-emitting display apparatus of claim 7,
wherein the connection electrode extends from the one of
the first source electrode and the first drain electrode of the
first thin film transistor.

9. The organic light-emitting display apparatus of claim 7,
wherein the capacitor overlaps at least a part of the first thin
film transistor.

10. The organic light-emitting display apparatus of claim
7, further comprising a second thin film transistor including,
on the first surface of the substrate, a second active layer at
a same level as the first electrode of the capacitor and a
second gate electrode at a same level as the second electrode
of the capacitor, and on the second surface of the substrate,
a second source electrode and a second drain electrode
connected to both end portions of the second active layer,
respectively,
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wherein the substrate includes a second hole penetrating
through the substrate in an area corresponding to a part
of each of both end portions of the second active layer,
and a second conductive material in the second hole,

wherein the second source electrode and the second drain
electrode come in contact with the second conductive
material.

11. The organic light-emitting display apparatus of claim
10, further comprising an insulating layer between the
second active layer and the second gate electrode,

wherein the insulating layer includes a material that is the

same as or different from the dielectric layer of the
capacitor.

12. The organic light-emitting display apparatus of claim
7, further comprising a third thin film transistor including,
on the first surface of the substrate, a third active layer at a
same level as the first electrode of the capacitor, a third gate
electrode at a same level as the second electrode of the
capacitor, and a third source electrode and a third drain
electrode connected to both end portions of the third active
layer, respectively.

13. The organic light-emitting display apparatus of claim
7, further comprising an emission device arranged above the
first thin film transistor and including a first electrode, a
second electrode facing the first electrode, and an organic
light-emitting layer between the first electrode and the
second electrode.

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

preparing a substrate;

forming, on a first surface of the substrate, a capacitor

including a first electrode, a second electrode facing the
first electrode, and a dielectric layer between the first
electrode and the second electrode;

reversing the substrate, and forming a first hole penetrat-

ing through the substrate in an area corresponding to a
part of the first electrode of the capacitor; and

filling a first conductive material in the first hole.
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15. The method of claim 14, wherein the first hole is
formed by a laser drill technique.

16. The method of claim 14, further comprising:

forming, on a second surface, opposite to the first surface,
of the substrate, a first thin film transistor including a
first active layer, a first gate electrode, and a first source
electrode and a first drain electrode connected to both
end portions of the first active layer, respectively; and

forming a connection electrode connecting one of the first
source electrode and the first drain electrode of the first
thin film transistor and the first conductive material in
the substrate.

17. The method of claim 14, further comprising:

forming, on the first surface of the substrate, a first pattern
layer at a same level as the first electrode of the
capacitor and a second pattern layer at a same level as
the second electrode of the capacitor;

reversing the substrate, and forming a second hole pen-
etrating through the substrate in an area corresponding
to a part of each of both end portions of the first pattern
layer; and

filling a second conductive material in the second hole.

18. The method of claim 17, wherein the second hole is

formed by a laser drill technique.

19. The method of claim 17, further comprising forming,
on a second surface, opposite to the first surface, of the
substrate, an electrode layer contacting each of both end
portions of the first pattern layer.

20. The method of claim 14, further comprising forming,
on the first surface of the substrate, an active layer at a same
level as the first electrode of the capacitor, a second gate
electrode at a same level as the second electrode of the
capacitor, and a source electrode and a drain electrode
connected to both end portions of the active layer. respec-
tively.
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