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(57) ABSTRACT

An electroluminescent display apparatus can include a driv-
ing thin film transistor on a substrate, the driving thin film
transistor including a gate electrode, a source electrode, a
drain electrode, and an active region; a capacitor electrode
facing the gate electrode; a first electrode electrically con-
nected to the source electrode; a light emitting layer on the
first electrode; and a second electrode on the light emitting
layer, wherein the gate electrode and the capacitor electrode
extend in a vertical direction with respect to a surface of the

substrate.
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ELECTROLUMINESCENT DISPLAY
APPARATUS AND DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority benefit under
35 US.C. § 119(a) to Patent Application No. 10-2018-
0154119, filed in Republic of Korea on Dec. 4, 2018, all of
which are hereby expressly incorporated by reference into
the present application.

BACKGROUND

Field of the Invention

[0002] The preset disclosure relates to a display apparatus,
and more particularly, to an electroluminescent display
apparatus.

Discussion of the Related Art

[0003] Electroluminescent display apparatuses are appa-
ratuses where a light emitting layer is provided between two
electrodes (i.e., an anode electrode and a cathode electrode)
and emits light with an electric field generated between the
two electrodes, thereby displaying an image.

[0004] The light emitting layer can be formed of an
organic material or an inorganic material such as a quantum
dot. In the light emitting layer, an exciton is generated by a
combination of an electron and a hole, and when the exciton
is shifted from an excited state to a ground state, light is
emitted.

[0005] In the electroluminescent display apparatuses, each
subpixel includes a light emitting layer. Further, each sub-
pixel includes a driving thin film transistor (TFT) for driving
the light emission of the light emitting layer and a capacitor
which holds a voltage supplied to the driving TFT during
one frame.

[0006] Inthis case, in order to enhance the voltage holding
characteristic of each subpixel, a capacity of the capacitor
should increase for each subpixel. However, an area of each
subpixel should increase for increasing the capacity of the
capacitor, and due to this, there is a limitation in realizing an
ultra-high resolution in display.

SUMMARY

[0007] Accordingly, the present disclosure is directed to
providing an electroluminescent display apparatus and a
display apparatus that substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

[0008] An aspect of the present disclosure is directed to
providing an electroluminescent display apparatus and a
display apparatus, in which a capacity of a capacitor
increases, and moreover, an ultra-high resolution is realized.
[0009] Additional advantages and features of the disclo-
sure will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or can be
learned from practice of the disclosure. The objectives and
other advantages of the disclosure can be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.
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[0010] To achieve these and other advantages and in
accordance with the purpose of the disclosure, as embodied
and broadly described herein, there is provided an electrolu-
minescent display apparatus including a substrate, a driving
thin film transistor (TFT) on the substrate, the driving TFT
including a gate electrode, a source electrode, a drain
electrode, and an active region, a capacitor electrode facing
the gate electrode, a first electrode electrically connected to
the source electrode, a light emitting layer on the first
electrode, and a second electrode on the light emitting layer,
wherein the gate electrode and the capacitor electrode
extend in a vertical direction with respect to the substrate
surface.

[0011] In various embodiments, the electroluminescent
display apparatus can further include a first insulation layer
provided between the gate electrode and the capacitor elec-
trode to extend in the vertical direction with respect to the
substrate surface, wherein the gate electrode and the capaci-
tor electrode can face each other with the first insulation
layer therebetween.

[0012] In various embodiments, the electroluminescent
display apparatus can further include a second insulation
layer provided between the gate electrode and the active
region to extend in the vertical direction with respect to the
substrate surface, wherein the gate electrode and the active
region can face each other with the second insulation layer
therebetween, and the active region can extend in the
vertical direction with respect to the substrate surface.

[0013] In various embodiments, the drain electrode can
extend in the vertical direction with respect to the substrate
surface, and an upper end of the drain electrode can contact
a lower end of the active region.

[0014] In various embodiments, the gate electrode can
include a portion extending in a horizontal direction and a
portion extending in the vertical direction, with respect to
the substrate surface, and the portion extending in the
horizontal direction can be provided above the capacitor
electrode, and the gate electrode and the capacitor electrode
can intersect each other with respect to a plan view, and the
portion of the gate electrode extending in the horizontal
direction can be provided on the capacitor electrode is
provided in a region where the gate electrode and the
capacitor electrode intersect each other.

[0015] In various embodiments, the gate electrode can
include a first portion extending in a first direction, a second
portion connected to the first portion to extend in a second
direction, a third portion connected to the second portion to
extend in a third direction, and a fourth portion connected to
the third portion and the first portion to extend in a fourth
direction, with respect to a plan view, the capacitor electrode
can include a first portion extending in the first direction, a
second portion connected to the first portion to extend in the
second direction, a third portion connected to the second
portion to extend in the third direction, and a fourth portion
connected to the third portion and the first portion to extend
in the fourth direction, with respect to a plan view, and the
first portion of the capacitor electrode can face the first
portion of the gate electrode, the second portion of the gate
electrode can face the second portion of the capacitor
electrode, the third portion of the gate electrode can face the
third portion of the capacitor electrode, and the fourth
portion of the gate electrode can face the fourth portion of
the capacitor electrode.
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[0016] In various embodiments, the electroluminescent
display apparatus can further include a switching TFT on the
substrate, the switching TFT including a gate electrode, a
source electrode, a drain electrode, and an active region, a
sensing TFT on the substrate, the sensing TFT including a
gate electrode, a source electrode, a drain electrode, and an
active region, a data line connected to the source electrode
of the switching TFT, a gate line connected to the gate
electrode of the switching TFT, a high power line connected
to the drain electrode of the driving TFT, a reference line
connected to the drain electrode of the sensing TFT, and a
sensing line connected to the gate electrode of the sensing
TFT.

[0017] In various embodiments, the gate line and the
sensing line can be provided on the same layer, the data line,
the high power line, and the reference line can be provided
on the same layer, and the gate line can be provided upward
from the data line.

[0018] In various embodiments, the gate line and the
sensing line can be provided on the same layer, the data line
and the reference line can be provided on the same layer, and
the data line and the reference line can be provided upward
from the high power line and downward from the gate line
and the sensing line.

[0019] In various embodiments, an upper surface of one
end of the gate electrode of the driving TFT can contact a
lower surface of the drain electrode of the switching TFT.
[0020] In various embodiments, a side surface of one end
of the gate electrode of the driving TFT can contact one side
surface of the drain electrode of the switching TFT.

[0021] In various embodiments, the electroluminescent
display apparatus can further include a bank provided to
cover an edge of the first electrode, and a trench provided in
the bank, wherein a portion of the light emitting layer is
disconnected in the trench.

[0022] In various embodiments, the electroluminescent
display apparatus can further include a lens array spaced
apart from the substrate, and an accommodating case accom-
modating the substrate and the lens array.

[0023] In another aspect of the present disclosure, there is
provided an electroluminescent display apparatus including
a substrate and a thin film transistor (TFT) including a gate
electrode, a source electrode, a drain electrode, and an active
region each provided on the substrate, wherein the gate
electrode, the source electrode, the drain electrode, and the
active region extends in a vertical direction with respect to
the substrate surface, and an upper surface of the drain
electrode contacts a lower surface of the active region, and
a lower surface of the source electrode contacts an upper
surface of the active region.

[0024] In various embodiments, the electroluminescent
display apparatus can further include a second insulation
layer provided between the gate electrode and the active
region to extend in the vertical direction with respect to the
substrate surface, wherein the gate electrode and the active
region can face each other with the second insulation layer
therebetween.

[0025] In various embodiments, the electroluminescent
display apparatus can further include a capacitor electrode
extending in the vertical direction with respect to the sub-
strate surface, and a first insulation layer provided between
the gate electrode and the capacitor electrode to extend in the
vertical direction with respect to the substrate surface,
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wherein the gate electrode and the capacitor electrode can
face each other with the first insulation layer therebetween.
[0026] In another aspect of the present disclosure, there is
provided an electroluminescent display apparatus including
a substrate, a switching thin film transistor (TFT) on the
substrate, the switching TFT including a first gate electrode,
a first source electrode, a first drain electrode, and a first
active region, a driving TFT on the substrate, the driving
TFT including a second gate electrode, a second source
electrode, a second drain electrode, and a second active
region, a capacitor electrode facing the second gate elec-
trode, a first electrode electrically connected to the second
source electrode, a light emitting layer on the first electrode,
and a second electrode on the light emitting layer, wherein
the first active region extends in a horizontal direction with
respect to the substrate surface, and the second active region
extends in a vertical direction with respect to the substrate
surface.

[0027] In various embodiments, the electroluminescent
display apparatus can further include a sensing TFT on the
substrate, the sensing TFT including a third gate electrode,
a third source electrode, a third drain electrode, and a third
active region, wherein the third active region extends in the
horizontal direction with respect to the substrate surface.
[0028] In various embodiments, the first active region and
the third active region can be provided on the same layer,
and the second active region can be provided on a layer
differing from the first active region and the third active
region.

[0029] In various embodiments, the first source electrode,
the second gate electrode, the capacitor electrode, the second
drain electrode, and the third drain electrode can extend in
the vertical direction with respect to the substrate surface.

[0030] It is to be understood that both the foregoing
general description and the following detailed description of
the present disclosure are exemplary and explanatory and
are intended to provide further explanation of the disclosure
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate embodiments of the disclosure and together with
the description serve to explain the principle of the disclo-
sure. In the drawings:

[0032] FIG. 1isa circuit diagram of an electroluminescent
display apparatus according to an embodiment of the present
disclosure;

[0033] FIG. 2 is a schematic plan view of an electrolumi-
nescent display apparatus according to an embodiment of
the present disclosure;

[0034] FIG. 3 is a schematic cross-sectional view of an
electroluminescent display apparatus according to an
embodiment of the present disclosure;

[0035] FIGS. 4A to 4K are schematic manufacturing pro-
cess cross-sectional views of an electroluminescent display
apparatus according to an embodiment of the present dis-
closure;

[0036] FIG. 5 is a schematic cross-sectional view of an
electroluminescent display apparatus according to another
embodiment of the present disclosure;
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[0037] FIG. 6 is a schematic cross-sectional view of an
electroluminescent display apparatus according to another
embodiment of the present disclosure;

[0038] FIG. 7 is a schematic cross-sectional view of an
electroluminescent display apparatus according to another
embodiment of the present disclosure;

[0039] FIG. 8 is a schematic plan view of an electrolumi-
nescent display apparatus according to another embodiment
of the present disclosure;

[0040] FIG. 9 is a schematic cross-sectional view of an
electroluminescent display apparatus according to another
embodiment of the present disclosure;

[0041] FIG. 10 is a schematic cross-sectional view of an
electroluminescent display apparatus according to another
embodiment of the present disclosure; and

[0042] FIGS. 11A to 11C relate to an electroluminescent
display apparatus according to another embodiment of the
present disclosure and relate to a head-mounted display
(HMD) apparatus.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0043] Reference will now be made in detail to the exem-
plary embodiments of the present disclosure, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0044] Advantages and features of the present disclosure,
and implementation methods thereof will be clarified
through following embodiments described with reference to
the accompanying drawings. The present disclosure may,
however, 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 disclo-
sure will be thorough and complete, and will fully convey
the scope of the present disclosure to those skilled in the art.
Further, the present disclosure is only defined by scopes of
claims.

[0045] A shape, a size, a ratio, an angle, and a number
disclosed in the drawings for describing embodiments of the
present disclosure are merely an example, and thus, the
present disclosure is not limited to the illustrated details.
Like reference numerals refer to like elements throughout. In
the following description, when the detailed description of
the relevant known function or configuration is determined
to unnecessarily obscure the important point of the present
disclosure, the detailed description will be omitted.

[0046] In construing an element, the element is construed
as including an error range although there is no explicit
description.

[0047] In describing a position relationship, for example,
when a position relation between two parts is described as
‘on-’, ‘over-", ‘under-’, and ‘next-’, one or more other parts
can be disposed between the two parts unless ‘just’ or
‘direct’ is used.

[0048] In describing a time relationship, for example,
when the temporal order is described as ‘after-’, ‘subse-
quent-’, ‘next-’, and ‘before-’, a case which is not continu-
ous can be included unless ‘just’ or ‘direct’ is used.

[0049] It will be understood that, although the terms
“first”, “second”, etc. can be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another. For example, a first element could be termed
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a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of
the present disclosure.

[0050] Features of various embodiments of the present
disclosure can be partially or overall coupled to or combined
with each other, and can be variously inter-operated with
each other and driven technically as those skilled in the art
can sufficiently understand. The embodiments of the present
disclosure can be carried out independently from each other,
or can be carried out together in co-dependent relationship.
[0051] Hereinafter, exemplary embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings.

[0052] FIG. 1isa circuit diagram of an electroluminescent
display apparatus according to an embodiment of the present
disclosure. All the components of the electroluminescent
display apparatus according to all embodiments of the
present disclosure are operatively coupled and configured.
In FIG. 1, for convenience of description, only one subpixel
is illustrated.

[0053] As seen in FIG. 1, the electroluminescent display
apparatus according to an embodiment of the present dis-
closure can include a data line DL, a high power line VDD,
a reference line Ref, a gate line GL, and a sensing line SL.
[0054] The data line DL, the high power line VDD, and
the reference line Ref can be spaced apart from one another
and can be arranged in a first direction (for example, a
lengthwise direction), and the gate line GL and the sensing
line SL can be spaced apart from each other and can be
arranged in a second direction (for example, a widthwise
direction). However, an arrangement structure of the data
line DL, the high power line VDD, the reference line Ref,
the gate line GL, and the sensing line SL can be changed to
various structures known to those skilled in the art.

[0055] An individual subpixel of the electroluminescent
display apparatus including the lines DL, VDD, Ref, GL,
and SL can include a switching thin film transistor (TFT) T1,
a driving TFT T2, a sensing TFT T3, a capacitor C, and a
light emitting device OLED.

[0056] The switching TFT T1 can be turned on according
to a gate signal supplied through the gate line GL and can
transfer a data voltage, supplied through the data line DL, to
the driving TFT T2.

[0057] The driving TFT T2 can be turned on with the data
voltage supplied through the switching TFT T1, generate a
data current from power supplied through the high power
line VDD, and supply the data current to the light emitting
device OLED.

[0058] The sensing TFT T3 can sense a threshold voltage
deviation, causing the degradation in image quality, of the
driving TFT T2, and in response to a sensing control signal
supplied through the sensing line SL, the sensing TFT T3
can transfer a current of the driving TFT T2 to the reference
line Ref. In the drawing, an example where the sensing
control signal is supplied through the sensing line SL is
illustrated, but the present disclosure is not limited thereto.
In other embodiments, the present disclosure can be imple-
mented to supply the sensing control signal through the gate
line GL, and in this case, the sensing line SL can be omitted.
[0059] The capacitor C can hold the data voltage supplied
to the driving TFT T2 during one frame and can be con-
nected to a gate electrode and a source electrode of the
driving TFT T2. The gate electrode of the driving TFT T2
can be connected to a drain electrode of the switching TFT
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T1, and the source electrode of the driving TFT T2 can be
connected to an anode electrode of the light emitting device
OLED. However, the capacitor C can be connected to the
gate electrode and the drain electrode of the driving TFT T2.
[0060] The light emitting device OLED can emit light
with the data current supplied from the driving TFT T2. The
light emitting device OLED can include the anode electrode
connected to the source electrode of the driving TFT T2 and
an organic light emitting layer and a cathode electrode which
are sequentially provided on the anode electrode. The cath-
ode electrode of the light emitting device OLED can be
connected to a low power line VSS.

[0061] FIG. 2 is a schematic plan view of an electrolumi-
nescent display apparatus according to an embodiment of
the present disclosure.

[0062] As seen in FIG. 2, A data line DL, a high power line
VDD, and a reference line Ref can be arranged in a first
direction (for example, a lengthwise direction), and a gate
line GL and a sensing line SL can be arranged in a second
direction (for example, a widthwise direction). Also, an
individual subpixel of the electroluminescent display appa-
ratus can include a switching TFT T1, a driving TFT T2, and
a sensing TFT T3.

[0063] The switching TFT T1 can include a first gate
electrode G1, a first source electrode S1, a first drain
electrode D1, and a first active region Al.

[0064] The first gate electrode G1 can be a portion of the
gate line GL, and particularly, can be a portion, overlapping
the first active region Al, of the gate line GL.

[0065] The first source electrode S1 can be connected to
one end of the first active region Al and can be connected
to the data line DL through a first hole H1. Particularly, the
first source electrode S1 can extend in a vertical direction in
the first hole H1 with respect to a cross-sectional view.
[0066] The first drain electrode D1 can be connected to the
other end of the first active region Al and can be connected
to the second gate electrode G2 of the driving TFT T2
through a second hole H2. Particularly, the first drain elec-
trode D1 can extend in a vertical direction in the second hole
H2 with respect to the cross-sectional view.

[0067] The first active region Al can overlap the first gate
electrode G1 and can be connected to the first source
electrode S1 and the first drain electrode D1. The first active
region Al can be connected to the first source electrode S1
in the first hole H1 region and can be connected to the first
drain electrode D1 in the second hole H2 region.

[0068] The driving TFT T2 can include a second gate
electrode G2, a second source electrode S2, a second drain
electrode D2, and a second active region A2.

[0069] The second gate electrode G2 can be connected to
the first drain electrode of the switching TFT T1. The second
gate electrode G2 can include a first portion G21 extending
in a first direction, a second portion G22 connected to the
first portion G21 to extend in a second direction, a third
portion G23 connected to the second portion G22 to extend
in a third direction, and a fourth portion G24 connected to
the third portion G23 and the first portion G21 to extend in
a fourth direction, with respect to a plan view. In this case,
the first direction and the third direction can each be a
lengthwise direction and can be the same, and the second
direction and the fourth direction can each be a widthwise
direction and can be the same. Therefore, the second gate
electrode G2 can be configured in a tetragonal shape, and in
more detail, can be configured in a closed-loop structure
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having a rectangular shape or a square shape. However, the
present disclosure is not limited thereto, and the second gate
electrode G2 can be configured in various structures, and for
example, can be configured in a closed-loop structure having
a polygonal shape, a circular shape, or an oval shape.
[0070] The second gate electrode G2 can function as one
electrode of a capacitor, and at least a portion of the second
gate electrode G2 can extend in a vertical direction along a
third hole H3 with respect to a cross-sectional view.
[0071] Each of the first portion G21 and the third portion
G23 of the second gate electrode G2 can intersect a capacitor
electrode CE functioning as another electrode of the capaci-
tor in a region illustrated by M, and thus, can extend in the
vertical direction along the third hole H3 with respect to the
cross-sectional view in a region other than the region (i.e.,
a region intersecting the capacitor electrode CE) illustrated
by M, so as to prevent short circuit between the second gate
electrode G2 and the capacitor electrode CE. The first
portion G21 and the third portion G23 of the second gate
electrode G2 can be configured to be provided on only the
capacitor electrode CE in the region which intersects the
capacitor electrode CE and is illustrated by M, and a detailed
configuration thereof can be easily understood with refer-
ence to a below-described cross-sectional views.

[0072] Moreover, the second portion G22 and the fourth
portion G24 of the second gate electrode G2 can intersect the
high power line VDD without intersecting the capacitor
electrode CE, and as seen with respect to the below-
described cross-sectional view, since the second gate elec-
trode G2 is provided above, but not in contact with the high
power line VDD, there is no possibility that short circuit
occurs between the second gate electrode G2 and the high
power line VDD. Therefore, all of the second portion G22
and the fourth portion G24 of the second gate electrode G2
can extend in the vertical direction along the third hole H3
with respect to the cross-sectional view. As a result, the third
hole H3 can be configured in a polygonal shape, a circular
shape, or an oval shape, which is disconnected from the
capacitor electrode CE in the region illustrated by M.
[0073] The capacitor electrode CE can include a first
portion CE1 extending in a first direction, a second portion
CE2 connected to the first portion CE1 to extend in a second
direction, a third portion CE3 connected to the second
portion CE2 to extend in a third direction, and a fourth
portion CF4 connected to the third portion CE3 and the first
portion CE1 to extend in a fourth direction, with respect to
a plan view. In this case, the first direction and the third
direction can each be a lengthwise direction and can be the
same, and the second direction and the fourth direction can
each be a widthwise direction and can be the same. There-
fore, the capacitor electrode CE can be configured in a
tetragonal shape, and particularly, can be configured in a
closed-loop structure having a rectangular shape or a square
shape. However, the present disclosure is not limited thereto,
and the capacitor electrode CE can be configured in various
structures, and for example, can be configured in a closed-
loop structure having a polygonal shape, a circular shape, or
an oval shape.

[0074] The capacitor electrode CE can be configured in a
structure corresponding to the second gate electrode G2.
Therefore, the first portion CE1 of the capacitor electrode
CE can face the first portion G21 of the second gate
electrode G2 in parallel, the second portion CE2 of the
capacitor electrode CE can face the second portion G22 of
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the second gate electrode G2 in parallel, the third portion
CE3 of the capacitor electrode CE can face the third portion
G23 of the second gate electrode G2 in parallel, and the
fourth portion CE4 of the capacitor electrode CE can face
the fourth portion G24 of the second gate electrode G2 in
parallel.

[0075] The capacitor electrode CE can extend in a vertical
direction along a fourth hole H4 with respect to a cross-
sectional view. In detail, all of the first portion CE1, the
second portion CE2, the third portion CE3, and the fourth
portion CE4 of the capacitor electrode CE can extend along
the fourth hole H4 in the vertical direction with respect to the
cross-sectional view. Therefore, the fourth hole H4 can be
configured in a closed-loop structure having a polygonal
shape. a circular shape, or an oval shape. As seen with
respect to the below-described cross-sectional view, since
the capacitor electrode CE is provided above, but not in
contact with, the high power line VDD, the capacitor elec-
trode CE may not be short-circuited with the high power line
VDD even when a whole portion of the capacitor electrode
CE extends in the vertical direction with respect to the
cross-sectional view.

[0076] Moreover, the capacitor electrode CE can be con-
nected to the source electrode S2 of the driving TFT T2 and
can configure the capacitor along with the second gate
electrode G2 of the driving TFT T2. To this end, the
capacitor electrode CE can be connected to the source
electrode S2 through a sixth hole H6. In this case, the second
portion CE2 of the capacitor electrode CE can be connected
to the source electrode S2, but is not limited thereto. In other
embodiments, by appropriately changing a formation posi-
tion of the second source electrode S2 or the capacitor
electrode CE, the first portion CE1, the third portion CE3, or
the fourth portion CE4 of the capacitor electrode CE can be
configured to be connected to the second source electrode
S2.

[0077] By decreasing an interval between the data line DL
and the high power line VDD, the data line DL can be
provided to overlap the first portion CE1 of the capacitor
electrode CE. That is, in FIG. 2, the data line DL can move
to the right to overlap the first portion CE1 of the capacitor
electrode CE, and in this case, a high-resolution electrolu-
minescent display apparatus can be implemented by reduc-
ing a width of each subpixel.

[0078] As described above, according to an embodiment
of the present disclosure, the gate electrode G2 and the
capacitor electrode CE each configuring the capacitor can be
configured to extend in a vertical direction with respect to a
cross-sectional view, and thus, the capacity of the capacitor
can increase in a narrow region with respect to a plan view.
Particularly, according to an embodiment of the present
disclosure, the second gate electrode G2 can include the first
portion G21, the second portion G22, the third portion G23,
and the fourth portion G24, and the capacitor electrode CE
can include the first portion CE1 facing the first portion G21
of the second gate electrode G2, the second portion CE2
facing the second portion G22 of the second gate electrode
G2, the third portion CE3 facing the third portion G23 of the
second gate electrode G2, and the fourth portion CE4 facing
the fourth portion G24 of the second gate electrode G2,
thereby more increasing the capacity of the capacitor.

[0079] The second drain electrode D2 can be connected to
the high power line VDD through a fifth hole H5. Particu-
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larly, the second drain electrode D2 can extend in a vertical
direction in the fifth hole H5 with respect to a cross-sectional
view.

[0080] The second active region A2 can be connected to
the second drain electrode D2 and the second source elec-
trode S2. In this case, the second active region A2 can extend
in the vertical direction in the fifth hole H5 with respect to
the cross-sectional view. In detail, lower end of the second
active region A2 can be connected to the second drain
electrode D2, and an upper end of the second active region
A2 can be connected to the second source electrode S2. With
respect to a plan view, a whole portion of the second active
region A2 can overlap a whole portion of the second drain
electrode D2,

[0081] The second source electrode S2 can be connected
to the upper end of the second active region A2 and can be
connected to the third source electrode S3 to extend in a
direction toward the third source electrode S3 of the sensing
transistor T3. Also, the second source electrode S2 can be
connected to the capacitor electrode CE through the sixth
hole H6. Also, the second source electrode S3 can be
connected to an auxiliary electrode AE through an eighth
hole H8. As seen in the below-described cross-sectional
view, the auxiliary electrode AE can connect the second
source electrode S2 to the first electrode which functions as
an anode electrode.

[0082] The sensing TFT T3 can include a third gate
electrode G3, a third source electrode S3, a third drain
electrode D3, and a third active region A3.

[0083] The third gate electrode G3 can be a portion of the
sensing line SL, and particularly, can be a portion, overlap-
ping the third active region A3, of the sensing line SL.
[0084] The third source electrode S3 can be connected to
the second source electrode S2 of the driving TFT T2. The
third source electrode S3 can be provided as one body with
the second source electrode S2. Also, the third source
electrode S3 can be connected to one end of the third active
region A3.

[0085] The third drain electrode D3 can be connected to
the reference line Ref through a seventh hole H7. Particu-
larly, the third drain electrode D3 can extend in a vertical
direction in the seventh hole H7 with respect to a cross-
sectional view.

[0086] The third active region A3 can be connected to the
third source electrode S3 and the third drain electrode D3 to
overlap the third gate electrode G3. The third active region
A3 can be connected to the third drain electrode D3 in the
seventh hole H7 region.

[0087] FIG. 3 is a schematic cross-sectional view of an
electroluminescent display apparatus according to an
embodiment of the present disclosure.

[0088] As seen in FIG. 3, the electroluminescent display
apparatus according to an embodiment of the present dis-
closure can include a substrate 100, a data line DL, a high
power line VDD, a reference line Ref, a switching TFT T1,
a driving TFT T2, a sensing TFT T3, a capacitor electrode
CE, an auxiliary electrode AE, a lower insulation layer 210,
a middle insulation layer 220, first to fourth insulation layers
230 to 260, and a first electrode 300.

[0089] The substrate 100 can be formed of glass or plastic,
but is not limited thereto and can be formed of a semicon-
ductor material such as a silicon wafer. The substrate 100
can be formed of a transparent material or an opaque
material. The electroluminescent display apparatus accord-
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ing to an embodiment of the present disclosure can be
implemented as a top emission type where emitted light is
discharged to an upper portion. Accordingly, a material of
the substrate 100 can use an opaque material as well as a
transparent material.

[0090] The data line DL, the high power line VDD, and
the reference line Ref can be spaced apart from one another
by a certain interval on the substrate 100.

[0091] The switching TFT T1 can include a first gate
electrode G1, a first source electrode S1, a first drain
electrode D1, and a first active region Al.

[0092] The first gate electrode G1 can be provided on the
third insulation layer 250. As described above, the first gate
electrode G1 can be a portion of the gate line GL, and thus,
the gate line GL can also be provided on the third insulation
layer 250.

[0093] The first source electrode S1 can be provided in a
first hole H1 passing through the lower insulation layer 210,
the middle insulation layer 220, the first insulation layer 230,
and the second insulation layer 240, and particularly, can
extend in a vertical direction with respect to the substrate
100 surface. Herein, a vertical direction can denote a direc-
tion vertical to the substrate 100 surface, and a horizontal
direction can denote a direction parallel to the substrate 100
surface.

[0094] A lower end of the first source electrode S1 can be
connected to the data line DL, and an upper end of the first
source electrode S1 can be connected to the first active
region Al.

[0095] The first drain electrode D1 can extend in a vertical
direction in a second hole H2 provided in the second
insulation layer 240. A lower end of the first drain electrode
D1 can be connected to a second gate electrode G2 of the
driving TFT T2, and an upper end of the first drain electrode
D1 can be connected to the first active region Al.

[0096] The first active region Al can be connected to the
first source electrode S1 and the first drain electrode D1 to
overlap the first gate electrode G1. The first active region Al
can extend in a horizontal direction on the second insulation
layer 240.

[0097] The driving TFT T2 can include the second gate
electrode G2, a second source electrode S2, a second drain
electrode D2, and a second active region A2.

[0098] The second gate electrode G2 can include a first
portion G21 connected to the first drain electrode D1 of the
switching TFT T1 in the second hole H2 region. A portion
of the first portion G21 can extend in a horizontal direction
with respect to the substrate 100 surface, and the other
portion of the first portion G21 can extend in a vertical
direction with respect to the substrate 100 surface.

[0099] A portion of the first portion G21 extending in the
horizontal direction can be disposed upward from the
capacitor electrodes CE1 and CE2 with the first insulation
layer 230 therebetween and can be located in the region
illustrated by M of FIG. 2. The other portion of the first
portion G21 extending in the vertical direction can be
provided in a third hole H3 provided between the first
insulation layer 230 and the second insulation layer 240.
[0100] The second gate electrode G2 can include a second
portion G22 extending in a vertical direction in a third hole
H3 provided between the first insulation layer 230 and the
second insulation layer 240, similarly to the other portion of
the first portion G21 extending in the vertical direction. For
convenience, it is illustrated that the second portion G22 is
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spaced apart from the first portion G21, but as in FIG. 2, the
second portion G22 can be connected to the first portion
G21. The second gate electrode G2 can further include a
third portion G23 extending in a horizontal direction and a
vertical direction similarly to the first portion G21 and a
fourth portion G24 extending in a vertical direction similarly
to the second portion G22.

[0101] The second drain electrode D2 can extend in a
vertical direction in a fifth hole H5 which is provided in the
lower insulation layer 210, the first insulation layer 230, and
the second insulation layer 240. A lower end of the second
drain electrode D2 can be connected to the high power line
VDD, and an upper end of the second drain electrode D2 can
be connected to the second active region A2.

[0102] The second active region A2 can be connected to
the second source electrode S2 and the second drain elec-
trode D2 to face the second gate electrode G2. The second
active region A2 can extend in a vertical direction in the fifth
hole H5, a lower end of the second active region A2 can be
connected to the second drain electrode D2, and an upper
end of the second active region A2 can be connected to the
second source electrode S2. Particularly, the second active
region A2 and the second drain electrode D2 can be provided
in the fifth hole HS, and thus, can have the same width and
can overlap each other.

[0103] The second source electrode S2 can be provided in
the fifth hole HS and can be connected to the second active
region A2. Also, the second source electrode S2 can extend
in a horizontal direction on the second insulation layer 240
and can be connected to a third source electrode S3 of the
sensing TFT T3. Also, the second source electrode S2 can
extend in a vertical direction in a sixth hole H6 provided in
the third and second insulation layers 230 and 240 and can
be connected to a second portion CE2 of the capacitor
electrode CE. Also, the second source electrode S2 can be
connected to the auxiliary electrode AE through an eighth
hole H8 provided in the third insulation layer 250.

[0104] The sensing TFT T3 can include a third gate
electrode G3, the third source electrode S3, a third drain
electrode D3, and a third active region A3.

[0105] The third gate electrode G3 can be provided on the
third insulation layer 250. As described above, the third gate
electrode G3 can be a portion of the sensing line SL, and
thus, the sensing line SL can also be provided on the third
insulation layer 250.

[0106] The third source electrode S3 can be connected to
the second source electrode S2 and the third active region A3
on the second insulation layer 240. Left one end of the third
source electrode S3 can be connected to the second source
electrode S2, and the right other end of the third source
electrode S3 can be connected to the third active region A3.
[0107] The third drain electrode D3 can extend in a
vertical direction in a seventh hole H7 which is provided to
pass through the lower insulation layer 210, the middle
insulation layer 220, the first insulation layer 230, and the
second insulation layer 240. A lower end of the third drain
electrode D3 can be connected to the reference line Ref, and
an upper end of the third drain electrode D3 can be con-
nected to the third active region A3.

[0108] The third active region A3 can be connected to the
third source electrode S3 and the third drain electrode D3 to
overlap the third gate electrode 3. The third active region
A3 can extend in a horizontal direction on the second
insulation layer 240.
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[0109] The capacitor electrode CE can include a first
portion CE1 and the second portion CE2 which extend in a
vertical direction in a fourth hole H4 provided between the
middle insulation layer 220 and the first insulation layer 230.
The first portion CE1 of the capacitor electrode CE can face
the first portion G21 of the second gate electrode G2 to
configure a capacitor, and the second portion CE2 of the
capacitor electrode CE can face the second portion G22 of
the second gate electrode G2 to configure a capacitor. For
convenience, it is illustrated that the second portion CE2 is
spaced apart from the first portion CE1, but as described
above with reference to FIG. 2, the second portion CE2 can
be connected to the first portion CE1. The second portion
CE2 of the capacitor electrode CE can be connected to the
second source electrode S2 in the sixth hole H6 overlapping
the fourth hole H4.

[0110] The capacitor electrode CE can include a third
portion CE3 and a fourth portion CE4 which extend in the
vertical direction in the fourth hole H4. The third portion
CE3 of the capacitor electrode CE can face the third portion
G23 of the second gate electrode G2 to configure a capacitor,
and the fourth portion CE4 of the capacitor electrode CE can
face the fourth portion G24 of the second gate electrode G2
to configure a capacitor.

[0111] The auxiliary electrode AE can be connected to the
second source electrode S2 through the eighth hole H8 and
can be connected to the first electrode 300 capable of
functioning as an anode electrode through a ninth hole H9
which is provided to pass through the fourth insulation layer
260.

[0112] The lower insulation layer 210 can be provided on
the substrate 100, and the middle insulation layer 220 can be
provided on the lower insulation layer 210. The middle
insulation layer 220 can include an open area provided in a
region overlapping the high power line VDD, and the
capacitor electrode CE, the second gate electrode G2, the
second drain electrode D2, and the second active region A2
can be provided in the open area.

[0113] The first insulation layer 230 can be provided on
the middle insulation layer 220. The first insulation layer
230 can be provided in the open area of the middle insulation
layer 220, and thus, can contact an upper surface of the
lower insulation layer 210 in the open area. Also, the first
insulation layer 230 can be provided in a vertical direction
between the capacitor electrode CE and the second gate
electrode G2 in the open area of the middle insulation layer
220.

[0114] The second insulation layer 240 can be provided on
the first insulation layer 230. The second insulation layer
240 can be provided in the open area of the middle insulation
layer 220 and can be provided in a vertical direction between
the second gate electrode G2 and the second active region
A2 in the open area.

[0115] The third insulation layer 250 can be provided on
the second insulation layer 240, and the fourth insulation
layer 260 can be provided on the third insulation layer 250.
[0116] The middle insulation layer 220 can be formed of
an organic insulating material having a relatively thick
thickness so that the capacitor electrode CE, the second gate
electrode G2, and the second active region A2 extend in a
vertical direction to each have a certain length in the open
area of the middle insulation layer 220. Also, the fourth
insulation layer 260 can be formed of an organic insulating
material having a relatively thick thickness so as to planarize
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a surface on the substrate 100, but is not limited thereto. On
the other hand, the lower insulation layer 210, the first
insulation layer 230, the second insulation layer 240, and the
third insulation layer 250 can be formed of an inorganic
insulating material having a relatively thin thickness, but are
not limited thereto.

[0117] The first electrode 300 can be provided on the
fourth insulation layer 260 and can be connected to the
auxiliary electrode AE through the ninth hole H9. Therefore,
the first electrode 300 can be connected to the second source
electrode S2 of the driving TFT T2 through the auxiliary
electrode AF.

[0118] FIGS. 4A to 4K are schematic manufacturing pro-
cess cross-sectional views of an electroluminescent display
apparatus according to an embodiment of the present dis-
closure and relate to a process of manufacturing the elec-
troluminescent display apparatus of FIG. 3.

[0119] First, as seen in FIG. 4A, a data line DL, a high
power line VDD, and a reference line Ref can be patterned
on a substrate 400, and a lower insulation layer 210 can be
formed thereon.

[0120] Subsequently. as seen in FIG. 4B, a middle insu-
lation layer 220 can be formed on the lower insulation layer
210, and an open area OA can be formed by removing a
portion, overlapping the high power line VDD, of the middle
insulation layer 220.

[0121] Subsequently. as seen in FIG. 4C, a first portion
CE1 and a second portion CE2 of the capacitor electrode CE
can be formed on a side surface of the middle insulation
layer 220 in the open area OA.

[0122] Subsequently, as seen in FIG. 4D, a first insulation
layer 230 can be formed on the middle insulation layer 220
and the first portion CE1 and the second portion CE2 of the
capacitor electrode CE.

[0123] Although the first insulation layer 230 is formed in
the open area OA, the first insulation layer 230 can be
formed not to fully fill the open area OA. Therefore, the first
insulation layer 230 can extend from an upper surface of the
middle insulation layer 220 to an upper surface of the lower
insulation layer 210 along a side surface of each of the first
portion CE1 and the second portion CE2 of the capacitor
electrode CE.

[0124] Since the first insulation layer 230 is formed, the
first portion CE1 and the second portion CE2 of the capaci-
tor electrode CE can extend in a vertical direction in a fourth
hole H4 between the middle insulation layer 220 and the first
insulation layer 230.

[0125] Subsequently. as seen in FIG. 4E. a first portion
G21 and a second portion G22 of a second gate electrode G2
can be formed on the first insulation layer 230. The first
portion G21 of the second gate electrode G2 can be formed
to extend in a horizontal direction and then extend in a
vertical direction to an inner portion of the open area OA.
The second portion G22 of the second gate electrode G2 can
be formed to extend in a vertical direction in the open area
OA.

[0126] Subsequently, as seen in FIG. 4F, a second insula-
tion layer 240 can be formed on the first insulation layer 230
and the first portion G21 and the second portion G22 of the
second gate electrode G2. The second insulation layer 240
can be formed to fill the open area OA.

[0127] Since the second insulation layer 240 is formed, the
first portion G21 and the second portion G22 of the second
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gate electrode G2 can extend in a vertical direction in a third
hole H3 between the first insulation layer 230 and the second
insulation layer 240.

[0128] Subsequently, a first hole H1 and a seventh hole H7
can be formed by removing a certain region of each of the
lower insulation layer 210, the middle insulation layer 220,
the first insulation layer 230, and the second insulation layer
240. Therefore, the data line DL can be exposed by the first
hole H1, and the reference line Ref can be exposed by the
seventh hole H7.

[0129] Moreover, a second hole H2 can be formed by
removing a certain region of the second insulation layer 240.
Therefore, the second gate electrode G2 can be exposed by
the second hole H2.

[0130] A fifth hole H5 can be formed by removing a
certain region, provided in the open area OA, of each of the
lower insulation layer 210, the first insulation layer 230, and
the second insulation layer 240. Therefore, the high power
line VDD can be exposed by the fifth hole H5.

[0131] A sixth hole H6 can be formed by removing a
certain region of each of the first insulation layer 230 and the
second insulation layer 240. Therefore, the second portion
CE2 of the capacitor electrode CE can be exposed by the
sixth hole H6.

[0132] Subsequently as seen in FIG. 4G, a first source
electrode S1 can be formed in the first hole H1, a first drain
electrode D1 can be formed in the second hole H2, and a first
active region Al connected to each of the first source
electrode S1 and the first drain electrode D1 can be formed
on the second insulation layer 240. Also, a second drain
electrode D2 and a second active region A2 can be formed
in the fifth hole H5, a second source electrode S2 extending
to an upper surface of the second insulation layer 240 can be
formed in the fifth hole H5 and the sixth hole H6, a third
source electrode S3 connected to the second source elec-
trode S2 can be formed on the upper surface of the second
insulation layer 240, a third active region A3 connected to
the third source electrode S3 can be formed on an upper
surface of the second insulation layer 240, and a third drain
electrode D3 connected to the third active region A3 can be
formed in the seventh hole H7.

[0133] The first source electrode S1, the first drain elec-
trode D1, the first active region Al, the second drain
electrode D2, the second active region A2, the second source
electrode S2, the third source electrode S3, the third active
region A3, and the third drain electrode D3 can be formed
through a process of forming and patterning an oxide
semiconductor layer in each of the first hole H1, the second
hole H2, the fifth hole H5, the sixth hole H6, and the seventh
hole H7 and on the upper surface of the second insulation
layer 240 by using a liquid oxide semiconductor such as
indium gallium zinc oxide (IGZO) or a liquid semiconductor
known to those skilled in the art.

[0134] Therefore, the first source electrode S1, the first
drain electrode D1, the first active region Al, the second
drain electrode D2, the second active region A2, the second
source electrode S2, the third source electrode S3, the third
active region A3, and the third drain electrode D3 can be
formed of the same semiconductor material. In FIG. 4G, the
first source electrode S1, the first drain electrode D1, the first
active region Al can merely be divided based on positions
thereof and can be substantially provided as one body
including the same semiconductor material. Similarly, in
FIG. 4G, the second drain electrode D2, the second active
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region A2, the second source electrode S2, the third source
electrode S3, the third active region A3, and the third drain
electrode D3 can merely be divided based on positions
thereof and can be substantially provided as one body
including the same semiconductor material.

[0135] Subsequently. as seen in FIG. 4H, a third insulation
layer 250 can be formed on the first source electrode S1, the
first drain electrode D1, the first active region Al, the second
drain electrode D2, the second active region A2, the second
source electrode S2, the third source electrode S3, the third
active region A3, and the third drain electrode D3, and an
eighth hole H8 can be formed in a certain region of the third
insulation layer 250. Therefore, the second source electrode
S2 can be exposed by the eighth hole HS.

[0136] Subsequently. as seen in FIG. 4I, a first gate
electrode G1 and a third gate electrode G3 can be formed on
the third insulation layer 250, and an auxiliary electrode AE
connected to the second source electrode S2 through the
eighth hole H8 can be formed.

[0137] The first gate electrode G1 can be formed to
overlap the first active region Al, and the third gate elec-
trode G3 can be formed to overlap the third active region A3.
[0138] Subsequently. as seen in FIG. 4], a fourth insula-
tion layer 260 can be formed on the first gate electrode G1,
the third gate electrode G3, and the auxiliary electrode AE,
and a ninth hole H9 can be formed by removing a certain
region of the fourth insulation layer 260. Therefore, the
auxiliary electrode AE can be exposed by the ninth hole H9.
[0139] Subsequently. as seen in FIG. 4K, a first electrode
300 connected to the auxiliary electrode AE through the
ninth hole H9 can be formed. The first electrode 300 can
function as an anode of the electroluminescent display
apparatus.

[0140] FIG. 5 is a schematic cross-sectional view of an
electroluminescent display apparatus according to another
embodiment of the present disclosure. Except for that a
connection structure between a second gate electrode G2
and a first drain electrode D1 is changed, the electrolumi-
nescent display apparatus of FIG. 5 is the same as the
electroluminescent display apparatus of FIG. 3. Therefore,
like reference numerals refer to like elements throughout,
and only different elements will be described below.
[0141] According to FIG. 3 described above, a lower
surface of a lower end of the first drain electrode D1 can
contact an upper surface of the first portion G21 of the
second gate electrode G2.

[0142] On the other hand, according to FIG. 5, one side
surface of a first drain electrode D1 can contact a side
surface of an end of a first portion G21 of a second gate
electrode G2. Therefore, the first drain electrode D1 can
extend in a vertical direction in a second hole H2 provided
in each a first insulation layer 230 and a second insulation
layer 240.

[0143] FIG. 6 is a schematic cross-sectional view of an
electroluminescent display apparatus according to another
embodiment of the present disclosure. Except for that a
position of each of a data line DL and a reference line Ref
is changed, the electroluminescent display apparatus of FIG.
6 is preferably the same as (or similar to) the electrolumi-
nescent display apparatus of FIG. 5. Therefore, like refer-
ence numerals refer to like elements throughout, and only
different elements will be described below.

[0144] According to FIG. 5 described above, a data line
DL and a reference line Ref can be provided on a substrate
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100, and thus, the data line DL, the reference line Ref, and
a high power line VDD can be provided on the same layer.
[0145] On the other hand, according to FIG. 6, a data line
DL and a reference line Ref can be provided on an upper
surface of a first insulation layer 230, and thus, can be
provided on the same layer. However, the data line DL and
the reference line Ref can be provided on a layer differing
from a high power line VDD.

[0146] According to FIG. 6, since the data line DL is
provided on the upper surface of the first insulation layer
230, a vertical-direction length of a first source electrode S1
which is connected to the data line DL to extend in a vertical
direction can be reduced compared to the above-described
embodiment of FIG. 5, and thus, a resistance of the first
source electrode S1 can decrease. Also, since the reference
line Ref is provided on the upper surface of the first
insulation layer 230, a vertical-direction length of a third
drain electrode D3 which is connected to the reference line
Ref to extend in a vertical direction can be reduced com-
pared to the above-described embodiment of FIG. 5, and
thus, a resistance of the third drain electrode D3 can
decrease.

[0147] FIG. 7 is a schematic cross-sectional view of an
electroluminescent display apparatus according to another
embodiment of the present disclosure. Except for that a
position of each of a data line DL and a reference line Ref
is changed, the electroluminescent display apparatus of FIG.
7 is preferably the same as (or similar to) the electrolumi-
nescent display apparatus of FIG. 3. Therefore, like refer-
ence numerals refer to like elements throughout, and only
different elements will be described below.

[0148] According to FIG. 3 described above, a data line
DL and a reference line Ref can be provided on a substrate
100, and thus, the data line DL, the reference line Ref, and
the high power line VDD can be provided on the same layer.
[0149] On the other hand, according to FIG. 7, a data line
DL and a reference line Ref can be provided on an upper
surface of a first insulation layer 230, and thus, can be
provided on the same layer. However, the data line DL and
the reference line Ref can be provided on a layer differing
from a high power line VDD.

[0150] According to FIG. 7, since the data line DL is
provided on the upper surface of the first insulation layer
230, a vertical-direction length of a first source electrode S1
which is connected to the data line DL to extend in a vertical
direction can be reduced compared to the above-described
embodiment of FIG. 3, and thus, a resistance of the first
source electrode S1 can decrease. Also, since the reference
line Ref is provided on the upper surface of the first
insulation layer 230, a vertical-direction length of a third
drain electrode D3 which is connected to the reference line
Ref to extend in a vertical direction can be reduced com-
pared to the above-described embodiment of FIG. 3, and
thus, a resistance of the third drain electrode D3 can
decrease.

[0151] FIG. 8 is a schematic plan view of an electrolumi-
nescent display apparatus according to another embodiment
of the present disclosure. Except for that a configuration of
each of a second gate electrode G2 and a capacitor electrode
CE is changed, the electroluminescent display apparatus of
FIG. 8 is preferably the same as (or similar to) the elec-
troluminescent display apparatus of FIG. 2. Therefore, like
reference numerals refer to like elements throughout, and
only different elements will be described below.
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[0152] According to FIG. 2 described above, the second
gate electrode G2 can include the first portion G21, the
second portion G22, the third portion G23, and the fourth
portion G24, and the capacitor electrode CE can include the
first portion CE1, the second portion CE2, the third portion
CE3, and the fourth portion CE4. In FIG. 2, a capacitor can
be configured between the first portion G21 of the second
gate electrode G2 and the first portion CE1 of the capacitor
electrode CE, a capacitor can be configured between the
second portion G22 of the second gate electrode G2 and the
second portion CE2 of the capacitor electrode CE, a capaci-
tor can be configured between the third portion G23 of the
second gate electrode G2 and the third portion CE3 of the
capacitor electrode CE, and a capacitor can be configured
between the fourth portion G24 of the second gate electrode
G2 and the fourth portion CE4 of the capacitor electrode CE,
thereby increasing a capacity of each of the capacitors.
[0153] On the other hand, according to FIG. 8, a second
gate electrode G2 can include a first portion G21 and a
second portion G22, and a capacitor electrode CE can
include a first portion CE1 and a second portion CE2.
According to the embodiment of FIG. 8, a capacity of a
capacitor can be reduced compared to the embodiment of
FIG. 2. However, since a third portion G23 and a fourth
portion G24 of a second gate electrode G2 and a third
portion CE3 and a fourth portion CE4 of a capacitor elec-
trode CE are removed, a size of each subpixel can be
reduced, thereby implementing a high-resolution electrolu-
minescent display apparatus.

[0154] The second gate electrode G2 can include the first
portion G21, the second portion G22, and the third portion
G23 of FIG. 2 described above, and the capacitor electrode
CE can include the first portion CE1, the second portion
CE2, and third portion CE3 of FIG. 2. Also, the second gate
electrode G2 can include the first portion G21 and the
capacitor electrode CE can include the first portion CE1, and
in this case, the first portion CE1 of the capacitor electrode
CE can be connected to the second source electrode S2.
[0155] FIG. 9 is a schematic cross-sectional view of an
electroluminescent display apparatus according to another
embodiment of the present disclosure. Except for that a
second portion G22 of a second gate electrode G2 is omitted,
the electroluminescent display apparatus of FIG. 9 is pref-
erably the same as (or similar to) the electroluminescent
display apparatus of FIG. 3. Hereinafter, therefore, only
different elements will be described.

[0156] According to FIG. 9, a second gate electrode G2
can include a first portion G21 and may not include second
to fourth portions G22 to G24. Therefore, a capacitor can be
provided between only the first portion G21 of the second
gate electrode G2 and a first portion CE1 of a capacitor
electrode CE.

[0157] According to FIG. 9, since the second gate elec-
trode G2 includes the first portion G21, an area occupied by
the second gate electrode (G2 can be reduced, and thus, a size
of each subpixel can be reduced, thereby implementing a
high-resolution electroluminescent display apparatus.
[0158] In FIG. 9, a second portion CE2 of the capacitor
electrode CE can be omitted, and in this case, the first
portion CE1 of the capacitor electrode CE can be electrically
connected to a second source electrode S2.

[0159] In FIG. 9, the first portion G21 can be configured
to contact a side surface of a first drain electrode D1 as in
FIG. 5, the first portion G21 can be configured to contact the
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side surface of the first drain electrode D1 and a data line DL
and a reference line Ref can be provided on an upper surface
of a first insulation layer as in FIG. 6, and the data line DL
and the reference line Ref can be provided on the upper
surface of the first insulation layer as in FIG. 7.

[0160] FIG. 10 is a schematic cross-sectional view of an
electroluminescent display apparatus according to another
embodiment of the present disclosure and illustrates an
electroluminescent display apparatus including a plurality of
subpixels.

[0161] As seen in FIG. 10, the electroluminescent display
apparatus according to another embodiment of the present
disclosure can include a substrate 100, a circuit device layer
200, a first electrode 300, a bank 400, a light emitting layer
500, a second electrode 600, an encapsulation layer 700, and
a plurality of color filter layers 810 to 830.

[0162] The substrate 100 can be as described above, and
thus, its repetitive description is omitted.

[0163] The circuit device layer 200 can be provided on the
substrate 100.
[0164] A dataline DL, a high power line VDD, a reference

line Ref, a gate line GL, a sensing line SL, a switching TFT
T1, a driving TFT T2, a sensing TFT T3, a capacitor
electrode CE, an auxiliary electrode AFE, and the lower
insulation layer 210, the middle insulation layer 220, and the
first to fourth insulation layers 230 to 260 according to the
above-described various embodiments can be provided in
the circuit device layer, and their repetitive descriptions are
omitted.

[0165] The first electrode 300 can be patterned on the
circuit device layer 200 in each of the subpixels P1 to P3. As
in the above-described various embodiments, the first elec-
trode 300 can be connected to a second source electrode S2
through the auxiliary electrode AE.

[0166] The bank 400 can be provided on the circuit device
layer 200 and can be provided in a boundary between the
subpixels P1 to P3 to cover an edge of the first electrode 300.
An exposure region, which is exposed without being cov-
ered by the bank 400, of the first electrode 300 can be an
emission area.

[0167] The light emitting layer 500 can be provided on the
first electrode 300. The light emitting layer 500 can be
provided on the bank 400. That is, the light emitting layer
500 can be provided in the subpixels P1 to P3 and a
boundary region therebetween.

[0168] The light emitting layer 500 can be provided to
emit white (W) light. To this end, the light emitting layer 500
can include a plurality of stacks which emit lights of
different colors.

[0169] For example, the light emitting layer 500 can
include a first stack 510 emitting blue light, a second stack
530 emitting yellowish green light, and a charge generating
layer (CGL) 520 provided between the first stack 510 and
the second stack 530. The first stack 510 and the second
stack 520 can each include a hole transporting layer, an
organic light emitting layer, and an electron transporting
layer which are sequentially stacked. The light emitting
layer 510 can include a first stack emitting blue light, a
second stack emitting green light, a third stack emitting red
light, a first charge generating layer between the first stack
and the second stack, and a second charge generating layer
between the second stack and the third stack. A configuration
of the light emitting layer 500 can be changed to various
types known to those skilled in the art.
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[0170] According to an embodiment of the present disclo-
sure, a trench T can be provided in the bank 400 and the
circuit device layer 200, and thus, the light emitting layer
500 can be provided in the trench T. Therefore, a current
path can be long provided between adjacent subpixels P1 to
P3, thereby decreasing a leakage current occurring between
the subpixels P1 to P3. The trench T can be provided in the
bank 400 and the fourth insulation layer 260 of the circuit
device layer 200, but is not limited thereto. Depending on
the case, the trench T can be provided in only the bank 400.

[0171] In a case where an interval between the subpixels
P1 to P3 is very short for realizing a high resolution, when
light is emitted from a light emitting layer in one of the
subpixels P1 to P3, there is a possibility that an electric
charge in the light emitting layer can move to an adjacent
subpixel to cause a leakage current.

[0172] Therefore, in another embodiment of the present
disclosure, the trench T can be provided in a boundary
between individual subpixels P1 to P3, and the light emitting
layer 500 can be provided in the trench T, thereby decreasing
a leakage current occurring between the subpixels P1 to P3
adjacent to one another.

[0173] The first stack 510 can be provided at (e.g., on) an
inner side surface of the trench T, and moreover, can be
provided at (e.g., on) an inner lower surface of the trench T.
In this case, a portion of the first stack 510 provided at the
inner side surface of the trench T can be disconnected from
a portion of the first stack 510 provided at the inner lower
surface of the trench T. Therefore, a portion of the first stack
510 provided at one side surface (for example, a left surface)
of an inner portion of the trench T can be disconnected from
a portion of the first stack 510 provided at the other side
surface (for example, a right surface) of the inner portion of
the trench T. Accordingly, an electric charge may not move,
through the first stack 510, between the subpixels P1 to P3
which are disposed adjacent to one another with the trench
T therebetween.

[0174] Moreover, the charge generating layer 520 can be
provided on the first stack 510 at the inner side surface of the
trench T. In this case, a portion of the charge generating layer
520 provided at the one side surface (for example, the left
surface) of the inner portion of the trench T can be discon-
nected from a portion of the charge generating layer 520
provided at the other side surface (for example, the right
surface) of the inner portion of the trench T. Accordingly, an
electric charge may not move, through the charge generating
layer 520, between the subpixels P1 to P3 which are
disposed adjacent to one another with the trench T therebe-
tween.

[0175] The second stack 530 can connect between the
subpixels P1 to P3 which are disposed adjacent to one
another with the trench T therebetween on the charge
generating layer 520. Therefore, an electric charge can
move, through the second stack 530, between the subpixels
P1 to P3 which are disposed adjacent to one another with the
trench T therebetween. However, the present disclosure is
not limited thereto, and by appropriately adjusting a shape of
the trench T and a deposition process performed on the light
emitting layer 500, the second stack 530 can be disconnected
between the subpixels P1 to P3 which are disposed adjacent
to one another with the trench T therebetween. Particularly,
only a portion of a lower portion of the second stack 530



US 2020/0176535 Al

adjacent to the charge generating layer 520, for example,
HTL, can be disconnected in a region between the subpixels
P1 to P3.

[0176] The charge generating layer 520 can be higher in
conductivity than the first stack 510 and the second stack
530. Particularly, an N-type charge generating layer config-
uring the charge generating layer 520 can include a metal
material, and thus, can be higher in conductivity than the
first stack 510 and the second stack 530. Therefore, the
movement of an electric charge between the subpixels P1 to
P3 disposed adjacent to one another can be performed
through the charge generating layer 520, and the amount of
electric charges moving through the second stack 530 can be
very small,

[0177] In another embodiment of the present disclosure,
when the light emitting layer 500 is provided in the trench
T, a portion of the light emitting layer 500, particularly, the
first stack 510 and the charge generating layer 520 can be
disconnected in the trench T, thereby preventing the occur-
rence of a leakage current between the subpixels P1 to P3
adjacent to one another.

[0178] The second electrode 600 can be provided on the
light emitting layer 500. The second electrode 600 can
function as a cathode. The second electrode 600 can be
provided in the subpixels P1 to P3 and a boundary region
therebetween like the light emitting layer 500. That is, the
second electrode 600 can be provided on the bank 400.
[0179] The encapsulation layer 700 can be provided on the
second electrode 600. The encapsulation layer 700 can be
provided on the second electrode 600 to prevent external
water from penetrating into the light emitting layer 500. The
encapsulation layer 700 can be formed of an inorganic
insulating material or can be formed in a structure where an
inorganic insulating material and an organic insulating mate-
rial are alternately stacked, but is not limited thereto.
[0180] The color filter layers 810 to 830 can be provided
on the encapsulation layer 700. The color filter layers 810 to
830 can be provided to respectively face emission areas of
individual subpixels P1 to P3. The color filter layers 810 to
830 can include a first color filter 810 of red, a second color
filter 820 of green, and a third color filter 830 of blue, but are
not limited thereto. A black matrix can be additionally
provided in a boundary between the color filter layers 810 to
830 and can prevent light from being leaked to a region other
than the emission areas.

[0181] In FIG. 10, the light emitting layer 500 configured
to emit white light can be provided in the subpixels P1 to P3
and the whole boundary region therebetween, and thus, the
trench T can be provided in the bank 400 and the circuit
device layer 200 so as to prevent a leakage current between
the subpixels P1 to P3 adjacent to one another. However, the
present disclosure is not limited to the structure illustrated in
FIG. 9. For example, in the present disclosure, the light
emitting layer 500 patterned to emit lights of different colors
in the subpixels P1 to P3 can be provided, and in this case,
aleakage current may not occur between the subpixels P1 to
P3 adjacent to one another, whereby the trench T may not be
provided in the bank 400 and the circuit device layer 200.
[0182] FIGS. 11A to 11C relate to an electroluminescent
display apparatus according to another embodiment of the
present disclosure and relate to a head-mounted display
(HMD) apparatus. FIG. 11A is a schematic perspective view,
FIG. 11B is a schematic plan view of a virtual reality (VR)
structure, and FIG. 11C is a schematic cross-sectional view
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of an augmented reality (AR) structure. All the components
of the HMD apparatus according to all embodiments of the
present disclosure are operatively coupled and configured.

[0183] As seen in FIG. 11A, the HMD apparatus accord-
ing to the present disclosure can include an accommodating
case 10 and a head-mounted band 30.

[0184] The accommodating case 10 can accommodate
elements such as a display apparatus, a lens array, and an
eyepiece lens.

[0185] The head-mounted band 30 can be fixed to the
accommodating case 10. The head-mounted band 30 is
illustrated as being provided to surround an upper surface of
both side surfaces of a user, but is not limited thereto. The
head-mounted band 30 can fix the HMD apparatus to a head
of a user and can be replaced by a glasses frame type
structure or a helmet type structure.

[0186] As seen in FIG. 11B, an HMD apparatus having the
VR structure according to the present disclosure can include
a left-eye display apparatus 12, a right-eye display apparatus
11, a lens array 13, a left-eye eyepiece lens 20a, and a
right-eye eyepiece lens 205.

[0187] The left-eye display apparatus 12, the right-eye
display apparatus 11, the lens array 13, the left-eye eyepiece
lens 20a, and the right-eye eyepiece lens 205 can be accom-
modated into the accommodating case 10.

[0188] The left-eye display apparatus 12 and the right-eye
display apparatus 11 can display the same image, and in this
case, a user can watch a two-dimensional (2D) image.
Alternatively, the left-eye display apparatus 12 can display
a left-eye image, and the right-eye display apparatus 11 can
display a right-eye image. Each of the left-eye display
apparatus 12 and the right-eye display apparatus 11 can be
configured as the electroluminescent display apparatus
according to the above-described various embodiments. In
this case, a surface (for example, color filter layers 810 to
830) displaying an image in the electroluminescent display
apparatus according to the above-described various embodi-
ments can face the lens array 13.

[0189] The lens array 13 can be spaced apart from each of
the left-eye eyepiece lens 20a¢ and the lefi-eye display
apparatus 12 and can be provided between the left-eye
eyepiece lens 20a and the left-eye display apparatus 12. That
1s, the lens array 13 can be disposed in front of the left-eye
eyepiece lens 20a and behind the left-eye display apparatus
12. Also, the lens array 13 can be spaced apart from each of
the right-eye eyepiece lens 205 and the right-eye display
apparatus 11 and can be provided between the right-eye
eyepiece lens 205 and the right-eye display apparatus 11.
That is, the lens array 13 can be disposed in front of the
right-eye eyepiece lens 205 and behind the right-eye display
apparatus 11.

[0190] The lens array 13 can be a micro-lens array. The
lens array 13 can be replaced by a pin hole array. By using
the lens array 13, an image displayed by the left-eye display
apparatus 12 or the right-eye display apparatus 11 can be
zoomed in by a certain magnification, and thus, a zoomed-in
image can be seen by a user.

[0191] Alefteye LE of a user can be located at the left-eye
eyepiece lens 20q, and a right eye RE of the user can be
located at the right-eye eyepiece lens 205.

[0192] As seen in FIG. 11C, an HMD apparatus having the
AR structure according to the present disclosure can include
a left-eye display apparatus 12, a lens array 13, a left-eye
eyepiece lens 20a, a transmissive reflection part 14, and a
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transmissive window 15. In FIG. 11C, for convenience, only
left-eye elements are illustrated, and right-eye elements can
be the same as the left-eye elements.

[0193] The left-eye display apparatus 12, the lens array 13,
the left-eye eyepiece lens 20q, the transmissive reflection
part 14, and the transmissive window 15 can be accommo-
dated into the accommodating case 10.

[0194] The left-eye display apparatus 12 can be disposed
in one side (for example, an upper side) of the transmissive
reflection part 14 without covering the transmissive window
15. Therefore, the left-eye display apparatus 12 can provide
an image to the transmissive reflection part 14 without
covering an external background seen through the transmis-
sive window 15.

[0195] The left-eye display apparatus 12 can be configured
as the electroluminescent display apparatus according to the
above-described various embodiments. In this case, a sur-
face (for example, color filter layers 810 to 830) displaying
an image in the electroluminescent display apparatus
according to the above-described various embodiments can
face the transmissive reflection part 14.

[0196] The lens array 13 can be provided between the
left-eye eyepiece lens 20a and the transmissive reflection
part 14.

[0197] The left eye of the user can be located at the
left-eye eyepiece lens 20a.

[0198] The transmissive reflection part 14 can be disposed
between the lens array 13 and the transmissive window 15.
The transmissive reflection part 14 can include a reflection
surface 14a which transmits a portion of light and reflects
the other portion of the light. The reflection surface 14a can
be provided so that an image displayed by the left-eye
display apparatus 12 travels to the lens array 13. Accord-
ingly, the user can see, through the transmissive window 15,
all of the external background and the image displayed by
the left-eye display apparatus 12. That is, the user can see
one image which includes a real background and a virtual
image, and thus, AR can be implemented.

[0199] The transmissive window 15 can be disposed in
front of the transmissive reflection part 14.

[0200] Hereinabove, the electroluminescent display appa-
ratus according to the various embodiments of the present
disclosure has been described, but the present disclosure can
be applied to various display apparatuses including the
elements of each of the above-described TFTs.

[0201] As described above, according to the embodiments
of the present disclosure, a second gate electrode and a
capacitor electrode each configuring a capacitor can be
configured to extend in a vertical direction with respect to a
substrate surface, and thus, a capacity of the capacitor can
increase in a narrow region in a plan view.

[0202] The above-described feature, structure, and effect
of the present disclosure are included in at least one embodi-
ment of the present disclosure, but are not limited to only
one embodiment. Furthermore, the feature, structure, and
effect described in at least one embodiment of the present
disclosure can be implemented through combination or
modification of other embodiments by those skilled in the
art. Therefore, content associated with the combination and
modification should be construed as being within the scope
of the present disclosure.
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What is claimed is:

1. An electroluminescent display apparatus comprising:

a driving thin film transistor on a substrate, the driving

thin film transistor including a gate electrode, a source
electrode, a drain electrode, and an active region;

a capacitor electrode facing the gate electrode;

a first electrode electrically connected to the source elec-

trode;

a light emitting layer on the first electrode; and

a second electrode on the light emitting layer,

wherein the gate electrode and the capacitor electrode

extend in a vertical direction with respect to a surface
of the substrate.
2. The electroluminescent display apparatus of claim 1,
further comprising a first insulation layer provided between
the gate electrode and the capacitor electrode to extend in the
vertical direction with respect to the surface of the substrate.
3. The electroluminescent display apparatus of claim 1,
further comprising a second insulation layer provided
between the gate electrode and the active region to extend in
the vertical direction with respect to the surface of the
substrate,
wherein
the gate electrode and the active region face each other
with the second insulation layer therebetween, and

the active region extends in the vertical direction with
respect to the surface of the substrate, wherein the drain
electrode extends in the vertical direction with respect
to the surface of the substrate, and an upper end of the
drain electrode contacts a lower end of the active
region.

4. The electroluminescent display apparatus of claim 1,
wherein

the gate electrode comprises a portion extending in a

horizontal direction and a portion extending in the
vertical direction, with respect to the surface of the
substrate, and the portion of the gate electrode extend-
ing in the horizontal direction is provided above the
capacitor electrode, and

the gate electrode and the capacitor electrode intersect

each other with respect to a plan view, and the portion
of the gate electrode extending in the horizontal direc-
tion on the capacitor electrode is provided in a region
where the gate electrode and the capacitor electrode
intersect each other.

5. The electroluminescent display apparatus of claim 1,
wherein

the gate electrode comprises a first portion extending in a

first direction, and a second portion connected to the
first portion to extend in a second direction, with
respect to a plan view,
the capacitor electrode comprises a first portion extending
in the first direction, and a second portion connected to
the first portion of the capacitor electrode to extend in
the second direction, with respect to a plan view, and

the first portion of the capacitor electrode faces the first
portion of the gate electrode, and the second portion of
the gate electrode faces the second portion of the
capacitor electrode.

6. The electroluminescent display apparatus of claim 5,
wherein

the gate electrode further comprises a third portion con-

nected to the second portion of the gate electrode to
extend in a third direction, and a fourth portion con-
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nected to the first and third portions of the gate elec-
trode to extend in a fourth direction, with respect to a
plan view,

the capacitor electrode comprises a third portion con-
nected to the second portion of the capacitor electrode
to extend in the third direction, and a fourth portion
connected to the first and third portions of the capacitor
electrode to extend in the fourth direction, with respect
to a plan view, and

the third portion of the gate electrode faces the third
portion of the capacitor electrode, and the fourth por-
tion of the gate electrode faces the fourth portion of the
capacitor electrode.

7. The electroluminescent display apparatus of claim 6,
wherein the first direction and the third direction each is a
lengthwise direction and the same, and the second direction
and the fourth direction each is a widthwise direction and the
same.

8. The electroluminescent display apparatus of claim 1,
further comprising:

a switching thin film transistor on the substrate, the

switching thin film transistor including a gate electrode,
a source electrode, a drain electrode, and an active
region;

a sensing thin film transistor on the substrate, the sensing
thin film transistor including a gate electrode, a source
electrode, a drain electrode, and an active region;

a data line connected to the source electrode of the
switching thin film transistor;

a gate line connected to the gate electrode of the switching
thin film transistor;

a high power line connected to the drain electrode of the
driving thin film transistor;

a reference line connected to the drain electrode of the
sensing thin film transistor; and

a sensing line connected to the gate electrode of the
sensing thin film transistor.

9. The electroluminescent display apparatus of claim 7,
wherein the gate line and the sensing line are provided on the
same layer, the data line, the high power line, and the
reference line are provided on the same layer, and the gate
line is provided upward from the data line, or

wherein the gate line and the sensing line (SL) are
provided on the same layer, the data line and the
reference line are provided on the same layer, and the
data line and the reference line is provided upward
from the high power line and downward from the gate
line and the sensing line.

10. The electroluminescent display apparatus of claim 7,
wherein an upper surface of one end of the gate electrode of
the driving thin film transistor contacts a lower surface of the
drain electrode of the switching thin film transistor, or

wherein a side surface of one end of the gate electrode of
the driving thin film transistor contacts one side surface
of the drain electrode of the switching thin film tran-
sistor.

11. The electroluminescent display apparatus of claim 1,
further comprising:

abank provided to cover an edge of the first electrode; and

a trench provided in the bank,

wherein a portion of the light emitting layer is discon-
nected in the trench.

12. The electroluminescent display apparatus of claim 1,

further comprising:
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a lens array spaced apart from the substrate; and

an accommodating case accommodating the substrate and
the lens array.

13. An electroluminescent display apparatus comprising:

a substrate; and

a thin film transistor including a gate electrode, a source
electrode, a drain electrode, and an active region each
provided on the substrate,

wherein

the gate electrode, the source electrode, the drain elec-
trode, and the active region extends in a vertical direc-
tion with respect to a surface of the substrate, and

an upper surface of the drain electrode contacts a lower
surface of the active region, and a lower surface of the
source electrode contacts an upper surface of the active
region.

14. The electroluminescent display apparatus of claim 13,

further comprising:

a second insulation layer provided between the gate
electrode and the active region to extend in the vertical
direction with respect to the surface of the substrate,

wherein the gate electrode and the active region face each
other with the second insulation layer therebetween.

15. The electroluminescent display apparatus of claim 13,
further comprising:

a capacitor electrode extending in the vertical direction

with respect to the surface of the substrate; and

a first insulation layer provided between the gate electrode
and the capacitor electrode to extend in the vertical
direction with respect to the surface of the substrate,

wherein the gate electrode and the capacitor electrode
face each other with the first insulation layer therebe-
tween.

16. An electroluminescent display apparatus comprising:

a switching thin film transistor on a substrate, the switch-
ing thin film transistor including a first gate electrode,
a first source electrode, a first drain electrode, and a first
active region;

a driving thin film transistor on the substrate, the driving
thin film transistor including a second gate electrode, a
second source electrode, a second drain electrode, and
a second active region;

a capacitor electrode facing the second gate electrode;

a first electrode electrically connected to the second
source electrode;

a light emitting layer on the first electrode; and

a second electrode on the light emitting layer,

wherein the first active region extends in a horizontal
direction with respect to a surface of the substrate, and
the second active region extends in a vertical direction
with respect to the surface of the substrate.

17. The electroluminescent display apparatus of claim 16,
further comprising a sensing thin film transistor on the
substrate, the sensing thin film transistor including a third
gate electrode, a third source electrode, a third drain elec-
trode, and a third active region,

wherein the third active region extends in the horizontal
direction with respect to the surface of the substrate.

18. The electroluminescent display apparatus of claim 17,
wherein, the first active region and the third active region are
provided on the same layer, and

the second active region is provided on a layer differing
from the layer of the first active region and the third
active region.
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19. The electroluminescent display apparatus of claim 17,
wherein the first source electrode, the second gate electrode,
the capacitor electrode, the second drain electrode, and the
third drain electrode extend in the vertical direction with
respect to the surface of the substrate.

20. A display apparatus comprising the electrolumines-
cent display apparatus of claim 1.
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