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BACKPLANE SUBSTRATE, METHOD OF
MANUFACTURING THE SAME, AND
ORGANIC LIGHT-EMITTING DISPLAY
DEVICE USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. patent
application Ser. No. 15/855,993, filed on Dec. 27, 2017,
which claims the benefit of Korean Patent Application No.
10-2016-0184420, filed on Dec. 30, 2016, which is hereby
incorporated by reference in its entirety as if fully set forth
herein.

BACKGROUND

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to a display device,
and more particularly to a backplane substrate that can be
integrated for ultra-high resolution and expressing high
gradation even through a small pixel, a method of manu-
facturing the same, and an organic light-emitting display
device using the same.

DESCRIPTION OF THE BACKGROUND

[0003] With the development of various kinds of portable
electronic devices, such as mobile terminals and laptop
computers, demand for flat panel display devices that are
applicable thereto has increased.

[0004] Research has been conducted on flat panel display
devices such as a liquid crystal display device, a plasma
display panel device, a field emission display device, and an
organic or inorganic light-emitting display device. In par-
ticular, the number of fields in which the organic light-
emitting display device can be used has increased, since the
organic light-emitting display device can be mass-produced,
can be easily driven, consumes less power, can realize high
quality and large size, and is flexible.

[0005] A flat panel display device includes a plurality of
pixels arranged in the form of a matrix and at least one
thin-film transistor provided in each pixel for controlling the
pixel. Each pixel may include an R-subpixel, a G-subpixel,
and a B-subpixel for color expression.

[0006] In a display device that requires high resolution,
such as in augmented reality or virtual reality, however, the
size of each pixel becomes smaller, since high resolution
needs to be achieved within the limited size of the display
device. Additionally, in a display device having a light-
emitting device for each subpixel, like an organic light-
emitting display device, a circuit device including, at a
minimum, 2 transistors and a capacitor (2T1C) must be
included in each small subpixel in order to express selective
gradation of each subpixel. In this case, the thin-film tran-
sistors have the same structure. Since the size of each
subpixel is small, however, a driving thin-film transistor is
saturated within a short time when a gate voltage is applied,
although device characteristics, such as mobility of the
thin-film transistors, are improved. As a result, various and
sufficient expression of gradation becomes difficult to
accomplish.

[0007] That is, the size of each subpixel is reduced for
high resolution, and circuits for driving each subpixel are
included in the limited area of each subpixel. In the case in
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which the driving thin-film transistor and the other thin-film
transistor are provided so as to have the same stack structure,
the response speed of the driving thin-film transistor is rapid,
but sufficient expression of gradation is difficult.

[0008] In addition, since the switching thin-film transistor
and the driving thin-film transistor having the same stack
structure must be connected to each other, it is necessary to
provide a connection pattern for connecting the transistors in
a planar state. That is, an additional connection pattern is
required in order to connect two or more transistors having
the same stack structure to each other. However, circuit
integration in each subpixel is limited by the provision of
such a connection pattern, thereby it is difficult to achieve
ultra-high resolution.

SUMMARY

[0009] Accordingly, the present disclosure is directed to a
backplane substrate, a method of manufacturing the same,
and an organic light-emitting display device using the same
that substantially obviate one or more problems due to
limitations and disadvantages of the related art.

[0010] In addition, the present disclosure is to provide a
backplane substrate that is capable of being integrated for
ultra-high resolution and expressing high gradation even
through a small pixel, a method of manufacturing the same,
and an organic light-emitting display device using the same.

[0011] 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 may be
learned from practice of the disclosure. Other advantages of
the disclosure may be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0012] In a backplane substrate according to the present
disclosure, a method of manufacturing the same, and an
organic light-emitting display device including the same,
different transistors are vertically connected to each other in
each subpixel, thereby achieving device integration.

[0013] In addition, a driving thin-film transistor has a
bottom gate shape having an offset area, and a switching
thin-film transistor has a top gate shape. The driving thin-
film transistor and the switching thin-film transistor are
different from each other in terms of construction and
operation thereof. Even in an ultra-high resolution structure,
the driving thin-film transistor is capable of expressing high
gradation, and the switching thin-film transistor is capable of
having circuit characteristics of high mobility.

[0014] To achieve these and other advantages and in
accordance with the purpose of the disclosure, as embodied
and broadly described herein, a backplane substrate includes
a substrate having a plurality of subpixels, a driving thin-
film transistor located at each subpixel, the driving thin-film
transistor including a first gate electrode, a first active layer,
a first source electrode and a first drain electrode connected
to the opposite sides of the first active layer, and a first gate
insulating film provided between the first active layer and
the first gate electrode, and a switching thin-film transistor
electrically connected to the driving thin-film transistor at
each subpixel, the switching thin-film transistor including a
second gate electrode, a second active layer, a second source
electrode and a second drain electrode connected to the
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opposite sides of the second active layer, and a second gate
insulating film provided between the second active layer and
the second gate electrode.

[0015] The first active layer and the second active layer
may be located on the same layer, the first gate electrode and
the second gate electrode may be located on different layers,
and the first active layer may have an offset area protruding
from the edge of the first gate electrode by a predetermined
width in a planar state and a first doped area that abuts the
offset area and is spaced apart from the edge of the first gate
electrode.

[0016] The second active layer may have a second doped
area that abuts the edge of the second gate electrode in a
planar state.

[0017] The first gate electrode may overlap the second
active layer, and may be connected to the second source
electrode.

[0018] The second source electrode may be connected to
the first gate electrode in an overlapping region between the
second active layer and the first gate electrode through the
second active layer.

[0019] The backplane substrate may further include a first
storage electrode that overlaps the first gate electrode.
[0020] The first storage electrode and the first gate elec-
trode may constitute a storage capacitor.

[0021] The first doped area and the second doped area may
be doped with the same dopant.

[0022] The backplane substrate may further include a first
gate auxiliary electrode that overlaps the offset area on the
same layer as the second gate electrode.

[0023] The second source electrode, which is connected to
the first gate electrode, may have a planar portion on a layer
different from the layer on which the second drain electrode
is located.

[0024] A first contact hole between the planar portion of
the second source electrode and the first gate electrode may
have a larger depth than a second contact hole between the
upper surface of the second drain electrode and the second
active layer.

[0025] The backplane substrate may further include a first
storage auxiliary electrode that is connected to the first
storage electrode and overlaps the planar portion of the
second source electrode.

[0026] The first and second active layers may be made of
polysilicon, the first active layer may have a first channel
that overlaps the first gate electrode, and the second active
layer may have a second channel that overlaps the second
gate electrode.

[0027] In another aspect of the present disclosure, a
method of manufacturing a backplane substrate includes
preparing a substrate having a plurality of subpixels, form-
ing a first gate electrode at each subpixel, forming a first gate
insulating film so as to cover the first gate electrode, forming
first and second active layers, which are spaced apart from
each other, on the first gate insulating film, forming a second
gate insulating film so as to cover the first and second active
layers, forming a second gate electrode, which overlaps the
second active layer, and a first gate auxiliary electrode,
which overlaps the first active layer and protrudes further
than the first gate electrode, on the second gate insulating
film, forming a first doped area in the first active layer and
a second doped area in the second active layer using the
second gate electrode and the first gate auxiliary electrode as
masks, forming an interlayer insulating film so as to cover
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the second gate electrode and to have first to fourth contact
holes, through which the opposite sides of the first and
second active layers are exposed, and forming a first source
electrode and a first drain electrode connected to the oppo-
site sides of the first active layer through the first and second
contact holes and a second source electrode and a second
drain electrode connected to the opposite sides of the second
active layer through the third and fourth contact holes.
[0028] The method may further include removing the first
gate auxiliary electrode.

[0029] The first gate electrode may partially overlap the
second active layer in a planar state.

[0030] The step of forming the third contact hole may
include removing the second gate insulating film, the second
active layer, and the first gate insulating film, which is under
the second active layer, together with the interlayer insulat-
ing film in an overlapping region between the first gate
electrode and the second active layer.

[0031] The interlayer insulating film may include a plu-
rality of interlayer insulating films.

[0032] The third contact hole and the fourth contact hole
may be formed in different processes, and the third contact
hole may be formed by removing a larger number of
interlayer insulating films than the fourth contact hole.
[0033] The method may further include forming a first
storage electrode, which overlaps the first gate electrode,
under the first gate electrode after the step of preparing the
substrate.

[0034] The method may further include forming a first
storage auxiliary electrode that is connected to the first
storage electrode and overlaps a planar portion of the second
source electrode.

[0035] In a further aspect of the present disclosure, an
organic light-emitting display device includes the backplane
substrate and an organic light-emitting diode including a
first electrode connected to the first source electrode, an
organic emissive layer located on the first electrode, and a
second electrode located on the organic emissive layer at
each subpixel.

[0036] 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

[0037] 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 aspect(s) of the disclosure and together with the
description serve to explain the principle of the disclosure.
[0038] In the drawings:

[0039] FIG. 1 is a conceptual view showing a change in
the area of a subpixel depending on the change of resolution;
[0040] FIG. 2 is a circuit diagram of each subpixel of a
backplane substrate according to the present disclosure;
[0041] FIG. 3 is a cross-sectional view showing a back-
plane substrate according to a first aspect of the present
disclosure;

[0042] FIG. 4 is a cross-sectional view showing a back-
plane substrate according to a second aspect of the present
disclosure;
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[0043] FIG. 5 is a cross-sectional view showing a back-
plane substrate according to a third aspect of the present
disclosure;

[0044] FIG. 6 is a sectional view showing a backplane
substrate according to a fourth aspect of the present disclo-
sure;

[0045] FIGS. 7A to TE are process sectional views show-
ing a method of manufacturing a backplane substrate
according to the first aspect of the present disclosure;
[0046] FIGS. 8A to 8E are process sectional views show-
ing a method of manufacturing a backplane substrate
according to the second aspect of the present disclosure;
[0047] FIGS. 9A to 9F are cross-sectional views showing
a method of manufacturing a backplane substrate according
to the third aspect of the present disclosure; and

[0048] FIG. 10 is a cross-sectional view showing an
organic light-emitting display device according to the pres-
ent disclosure.

DETAILED DESCRIPTION

[0049] The advantages and features of the present disclo-
sure and the way of attaining them will become apparent
with reference to aspects described below in detail in
conjunction with the accompanying drawings. The present
disclosure, however, are not limited to the aspects disclosed
hereinafter and may be embodied in many different forms.
Rather, these exemplary aspects are provided so that this
disclosure will be through and complete and will fully
convey the scope to those skilled in the art. The scope of the
present disclosure should be defined by the claims.

[0050] In the drawings for explaining the exemplary
aspects of the present disclosure, for example, the illustrated
shape, size, ratio, angle, and number are given by way of
example, and thus, are not limited to the disclosure of the
present disclosure. Throughout the present specification, the
same reference numerals designate the same constituent
elements. In addition, in the following description of the
present disclosure, a detailed description of known functions
and configurations incorporated herein will be omitted when
it may make the subject matter of the present disclosure
rather unclear. The terms “comprises,” “includes,” and/or
“has”, used in this specification, do not preclude the pres-
ence or addition of other elements unless it is used along
with the term “only”. The singular forms “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0051] In the interpretation of constituent elements
included in the various aspects of the present disclosure, the
constituent elements are interpreted as including an error
range even if there is no explicit description thereof.
[0052] 1In the description of the various aspects of the
present disclosure, when describing positional relationships,
for example, when the positional relationship between two
parts is described using “on”, “above”, “below”, “aside”, or
the like, one or more other parts may be located between the
two parts unless the term “directly” or “closely” is used.
[0053] In the description of the various aspects of the
present disclosure, when describing temporal relationships,
for example, when the temporal relationship between two
actions is described using “after”, “subsequently”, “next”,
“before”, or the like, the actions may not occur in succession
unless the term “directly” or “just” is used.

[0054] In the description of the various aspects of the
present disclosure, although terms such as, for example,
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“first” and “second” may be used to describe various ele-
ments, these terms are merely used to distinguish the same
or similar elements from each other. Therefore, in the
present specification, an element modified by “first” may be
the same as an element modified by “second” within the
technical scope of the present disclosure unless otherwise
mentioned.

[0055] The respective features of the various aspects of the
present disclosure may be partially or wholly coupled to and
combined with each other, and various technical linkages
and driving thereof are possible. These various aspects may
be performed independently of each other, or may be per-
formed in association with each other.

[0056] FIG. 1 is a conceptual view showing a change in
the area of a subpixel depending on the change of resolution.
[0057] In a display device that requires high resolution,
such as in augmented reality or virtual reality, as shown in
FIG. 1, the size of each pixel becomes smaller, since high
resolution needs to be achieved within the limited size of the
display device. FIG. 1 shows an example in which resolution
is increased from a resolution of 403 ppi in a full high-
definition (FHD) structure to a resolution of 1500 ppi, which
is ultra-high resolution. In the ultra-high resolution, the area
of each subpixel is reduced to about %14 of that of the FHD
structure.

[0058] Meanwhile, in a display device having an organic
light-emitting diode, which is a light-emitting device, for
each subpixel, like an organic light-emitting display device,
a circuit device including, at a minimum, 2 transistors and a
capacitor (2T1C) must be included in each small subpixel in
order to express selective gradation of each subpixel. In this
case, the thin-film transistors have the same structure. Since
the size of each subpixel is small, however, a driving
thin-film transistor is saturated within a short time when gate
voltage is applied, although device characteristics, such as
mobility of the thin-film transistors, are improved. As a
result, various and sufficient expression of gradation is
difficult.

[0059] That is, the size of each subpixel is reduced for
high resolution, and circuits for driving each subpixel are
included in the limited area of each subpixel. In the case in
which the driving thin-film transistor and the other thin-film
transistor are provided so as to have the same stack structure,
the response speed of the driving thin-film transistor is rapid,
but sufficient expression of gradation is difficult.

[0060] FIG. 2 is a circuit diagram of each subpixel of a
backplane substrate according to the present disclosure.
[0061] The backplane substrate is configured such that a
substrate (not shown) is mainly divided into two parts: a
central part and an edge part. The central part is defined as
an active area AA, and the edge part around the active area
AA is defined as a non-active area, in which wires and a pad
electrode are formed. The active area AA includes a plurality
of subpixels SP arranged in the form of a matrix. Each
subpixel has the circuit shown in FIG. 2. As shown in FIG.
2, each subpixel has a gate line GL extending in the
horizontal direction and a first voltage line PL and a data line
DL that intersect the gate line GL and are parallel to each
other. A switching thin-film transistor Tsw is provided at the
intersection between the gate line GL and the data line DL.
A driving thin-film transistor Tdr is provided between the
switching thin-film transistor Tsw and the first voltage line
PL. An organic light-emitting diode OLED is connected to
a source electrode of the driving thin-film transistor Tdr. A
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storage capacitor Cst is provided between a drain electrode
and a gate electrode of the driving thin-film transistor Tdr.
Here, each thin-film transistor is a pMOS, and an active
layer with a channel has a p-type doped area.

[0062] The driving thin-film transistor Tdr has a first gate
electrode DG connected to the switching thin-film transistor
Tsw, a first drain electrode DD connected to the first voltage
line PL, and a first source electrode DS connected to the
organic light-emitting diode OLED.

[0063] The switching thin-film transistor Tsw has a second
gate electrode SG connected to the gate line GL, a second
drain electrode SD connected to the data line DL, and a
second source electrode SS connected to one node of the
storage capacitor Cst and the first gate electrode DG of the
driving thin-film transistor Tdr.

[0064] Here, the connection node between the switching
thin-film transistor Tsw and the driving thin-film transistor
Tdr is referred to as a first node A, and the connection node
between the driving thin-film transistor Tdr and the organic
light-emitting diode OLED is referred to as a second node B.
[0065] A first electrode (anode) of the organic light-emit-
ting diode OLED is connected to the second node B. The
organic light-emitting diode OLED has the first electrode, a
second electrode (cathode) connected to a ground terminal,
and an organic layer including organic emissive layers
formed at the first and second electrodes. Here, the organic
layer may include a single organic emissive layer. Alterna-
tively, a hole injection layer and a hole transport layer may
be selectively or totally included between the first electrode
and the organic emissive layer, and an electron transport
layer and an electron injection layer may be selectively or
totally included between the organic emissive layer and the
second electrode.

[0066] The switching thin-film transistor Tsw is connected
to the gate line GL and the data line DL to select a subpixel.
The driving thin-film transistor Tdr drives the organic light-
emitting diode OLED of the subpixel selected by the switch-
ing thin-film transistor Tsw.

[0067] Depending on the circumstances, an additional
thin-film transistor may be provided. For example, in the
case in which a sensing thin-film transistor Tref is provided,
the sensing thin-film transistor Tref is connected between a
sensing line SSL and a second voltage line RL to sense or
initialize the voltage value of the second node B.

[0068] The switching thin-film transistor Tsw is switched
to supply data voltage Vdata, supplied to the data line DL,
to the driving thin-film transistor Tdr in response to a gate
signal GS supplied to the gate line GL. The driving thin-film
transistor Tdr is switched to control data current Ioled
flowing to the organic light-emitting diode OLED using
driving voltage Vdd supplied to the first voltage line PL in
response to the data voltage Vdata supplied from the switch-
ing thin-film transistor Tsw. The capacitor Cst is connected
between the first drain electrode and the first gate electrode
to store voltage corresponding to the data voltage Vdata that
is supplied to the first gate electrode and to turn on the
driving thin-film transistor Tdr using the stored voltage.
[0069] The organic light-emitting diode OLED is electri-
cally connected between the first source electrode of the
driving thin-film transistor Tdr and a ground line VSS to
emit light using the data current Ioled supplied from the
driving thin-film transistor Tdr.

[0070] When the above-described circuit is included in
each subpixel to constitute an organic light-emitting display
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device, therefore, subpixels R, G, and B control the magni-
tude of the data current Ioled flowing from the driving
voltage Vdd to the organic light-emitting diode OLED using
switching of the driving thin-film transistor Tdr based on the
data voltage Vdata to make the organic light-emitting diode
OLED emit light, thereby displaying a predetermined image.

[0071] Hereinafter, the construction of the driving thin-
film transistor Tdr and the switching thin-film transistor Tsw
provided in each subpixel of the backplane substrate and the
organic light-emitting display device according to the pres-
ent disclosure will be described with reference to cross-
sectional views. The circuit connection therebetween is
shown in FIG. 2.

[0072] FIG. 3 is a cross-sectional view showing a back-
plane substrate according to a first aspect of the present
disclosure.

[0073] FIG. 3 shows a subpixel of the backplane substrate
according to the first aspect of the present disclosure. A
driving thin-film transistor Tdr and a switching thin-film
transistor Tsw connected thereto are partially shown. Each
subpixel is configured such that structures identical to the
shown structure are repeatedly arranged.

[0074] The driving thin-film transistor Tdr includes a first
gate electrode 113, a first active layer 115A, a first source
electrode DS (shown in FIG. 2) and a first drain electrode
DD (shown in FIG. 2) connected to the opposite sides of the
first active layer 115A, and a first gate insulating film 114
provided between the first active layer 115A and the first
gate electrode 113.

[0075] The switching thin-film transistor Tsw includes a
second gate electrode 117, a second active layer 115B, a
second source electrode 120 (SS) (shown in FIG. 2) and a
second drain electrode 121 (SD) (shown in FIG. 2) con-
nected to the opposite sides of the second active layer 115B,
and a second gate insulating film 116 provided between the
second active layer 115B and the second gate electrode 117.

[0076] That is, the driving thin-film transistor Tdr and the
switching thin-film transistor Tsw have the first and second
active layers 115A and 115B on the same layer, and have the
first and second gate electrodes 113 and 117 on different
layers. More specifically, the first gate electrode 113 is
located lower than the first active layer 115A, and the second
gate electrode 117 is located higher than the second active
layer 115B. Consequently, the first gate electrode 113 under
the first active layer 115A may extend to partially overlap the
second active layer 115B, and the second source electrode
120 may extend downwardly to be connected to the region
of the first gate electrode 113 that overlaps the second active
layer 115B. In this case, the second source electrode 120
extends through the second active layer 115B to be con-
nected to the upper part of the first gate electrode 113 under
the second active layer 115B.

[0077] Meanwhile, the first active layer 115A has an offset
area OFA, protruding from the edge of the first gate elec-
trode 113 by a predetermined width in a planar state, and a
first doped area 1155, which abuts the offset area OFA and
is spaced apart from the edge of the first gate electrode 113.

[0078] In the driving thin-film transistor Tdr according to
the present disclosure, the offset area OFA is provided to
increase the period from the off state of the driving thin-film
transistor to the on state of the driving thin-film transistor,
thereby diversifying the expression of gradation.
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[0079] In order to describe the above, an S-Factor will be
described. Equation 1 represents an S-Factor.

[Equation 1]

kT (Cd + Cir)
S= 2.3—[1 + - }
q Ci

[0080] In the graph of Vgs-Ids of an organic light-emitting
display device, S-Factor corresponds to the inverse of the tilt
of Ids until saturation after switching on. The S-Factor is
represented by Equation 1. A large S-Factor means that
AVgs, by which gradation modulation is possible, is rela-
tively large. This means that it is possible to diversify the
expression of gradation when this value is a predetermined
value or more.

[0081] Here, Ci means the capacitance of the gate insu-
lating film, Cd means the capacitance of the offset area
(depletion area), and Cit means the capture density in the
gap of the gate insulating film.

[0082] As can be seen from the equation for calculating
the S-Factor, on the assumption that the other conditions are
the same, the value of Cd is increased as the offset area is
increased, which increases the S-Factor.

[0083] In the present disclosure, the expression of grada-
tion is diversified using the driving thin-film transistor
having the increased S-Factor value, and the other transistor
(e.g. the switching thin-film transistor) has a small S-Factor,
which is advantageous for high resolution and to maintain a
rapid response speed of the transistor. If the other transistor
also has the offset period, the overall speed of the subpixel
may be reduced. For this reason, only the driving thin-film
transistor for expression of high gradation has the offset
area. In addition, the doped area may be changed by chang-
ing the stack structure of the driving thin-film transistor and
the switching thin-film transistor, whereby no additional
mask for providing the offset area need be used.

[0084] In the backplane substrate according to the first
aspect of the present disclosure, the first active layer 115A
directly abuts a first channel 1154 that overlaps the first gate
electrode 113 so as to have the offset area OFA, and is spaced
apart from the first channel 115¢ by the offset area OFA so
as to have the first doped area 1155.

[0085] The first doped area 115b may include a p-type
dopant.
[0086] The first channel 115¢ and the offset area OFA may

be intrinsic areas without a dopant.

[0087] The offset area OFA and the first doped area 1155
do not overlap the first gate electrode 113.

[0088] The second active layer 115B has a second doped
area 115d vertically aligned with the edge of the second gate
electrode 117.. An area of the second active layer 115B that
overlaps the second gate electrode 117 is a second channel
115, which may be an intrinsic area. The second doped area
115d is defined by a part exposed from the second gate
electrode 117. The second doped area 1154 is defined
without an additional mask. The reason for this is that the
second gate electrode 117 is used as a mask.

[0089] The dopants in the first and second doped areas
1155 and 1154 may be of the same type, may be defined in
the same process, and may be p+ type dopants, such as
boron.

[0090] Meanwhile, the first channel 1154 and the offset
area OFA are exposed upwardly without electrodes, like the
first doped area 1155. The reason for this is that the structure
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that covers the upper parts of the first channel 115a and the
first doped area 1155 is removed in a dopant doping process.
Depending on the circumstances, the structure that covers
the upper parts of the first channel 1154 and the first doped
area 1155 may remain for use as an auxiliary gate electrode
of the driving thin-film transistor Tdr. (This structure will be
described below when describing a backplane substrate
according to a second aspect of the present disclosure.)
[0091] Meanwhile, the offset area OFA of the present
disclosure protrudes further outward than the first gate
electrode 113. This is the structure located above the first
active layer 115A in the doped area, the width of which may
be adjusted.

[0092] In addition, the present disclosure has the effect of
integration due to the vertical connection relationship
between the driving thin-film transistor Tdr and the switch-
ing thin-film transistor Tsw in addition to the offset area.
[0093] That is, the first gate electrode 113 overlaps the
second active layer 115B and is connected to the second
source electrode 120. Specifically, the second source elec-
trode 120 may be connected to the first gate electrode 113 at
the overlapping region between the second active layer 115B
and the first gate electrode 113 through the second active
layer 115B. The wires and the active layer at the connection
region excluding insulating films are sequentially located
from top to bottom as follows. A planar portion of the second
source electrode 120 is located at the uppermost position, the
second active layer 115B and the second gate electrode 113
are located thereunder, and the second source electrode 120
vertically extends through the second active layer 115B.
[0094] The second source electrode 120 of the switching
thin-film transistor Tsw and the first gate electrode 113 of the
driving thin-film transistor Tdr are vertically connected to
each other. Compared to a conventional horizontal connec-
tion structure, therefore, integration is possible and circuits
are received in a small area, which is advantageous in
realizing high resolution.

[0095] In addition, a first storage electrode 111 that over-
laps the first gate electrode 113 is provided under the first
gate electrode 113. In this case, a first interlayer insulating
film 112 and a storage capacitor are provided between the
first gate electrode 113 and the first storage electrode 111,
which overlap each other.

[0096] Meanwhile, there are insulating films as elements
that have not been described in the above construction.
Detailed descriptions on the insulating films are as follows.
[0097] A buffer layer 110 is located on a substrate 100. A
first interlayer insulating film 112 is located so as to cover a
first storage electrode 111 on the buffer layer 110. A first gate
electrode 113 that overlaps the first storage electrode 111 is
located on the first interlayer insulating film 112. A first gate
insulating film 114 is located so as to cover the first gate
electrode 113. A first active layer 115A and a second active
layer 115B are located on the first gate insulating film 114 so
as to be spaced apart from each other. A second gate
insulating film 116 is located so as to cover the first active
layer 115A and the second active layer 115B. A second gate
electrode 117 that partially overlaps the second active layer
115B is located on the second gate insulating film 116. A
second interlayer insulating film 118 is located so as to cover
the second gate electrode 117. In succession, a third inter-
layer insulating film 119 is located thereon. The third
interlayer insulating film 119, the second interlayer insulat-
ing film 118, the second gate insulating film 116, the second
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active layer 115B, and the first gate insulating film 114 are
removed to a predetermined diameter to form a first contact
hole (see a region where a second source electrode is
formed). A second source electrode 120 connected to the
exposed first gate electrode 113 and the same layers are
removed to a predetermined diameter to form a second
contact hole (i.e., a region where a second drain electrode is
formed). A second drain electrode 121 extends through the
second active layer 115B from the other side thereof for
connection.

[0098] The first and second contact holes are formed by
excessively etching the respective ends of the second active
layer 115B to such an extent that the first gate electrode 113
under the second active layer 115B is exposed. In this case,
no metal is provided under the second active layer 115B at
the region of the second drain electrode 121. Consequently,
only the first gate insulating film 114 is etched.

[0099] Depending on the circumstances, the second drain
electrode 121 and the second source electrode 120 may have
different layer structures. In this case, the second drain
electrode 121 may be connected to the upper end of the
second active layer 115B. In this case, however, masks for
the second source electrode 120 and the second drain
electrode 121 are different, whereby a smaller number of
masks may be used than in the above example.

[0100] Meanwhile, the first and second active layers 115A
and 115B may be made of polysilicon. The reason for this is
that it is possible to achieve high-speed driving through high
mobility of the active layers in the integrated subpixel.
[0101] A method of manufacturing the backplane sub-
strate according to the first aspect of the present disclosure
will be described below.

[0102] In the backplane substrate according to the first
aspect of the present disclosure, the offset area OFA is
provided at the driving thin-film transistor Tdr. Conse-
quently, it is possible to diversify the expression of gradation
due to an increased S-Factor. In addition, the switching
thin-film transistor Tsw and the driving thin-film transistor
Tdr are vertically connected to each other. Consequently,
circuit integration in the subpixel is easily achieved, which
is advantageous in realizing high resolution.

[0103] FIG. 4 is a cross-sectional view showing a back-
plane substrate according to a second aspect of the present
disclosure.

[0104] The backplane substrate according to the second
aspect of the present disclosure shown in FIG. 4 is different
from that of the first aspect in that a first gate auxiliary
electrode 127, provided to define the first doped area 1155
of the first active layer 115A, remains. The backplane
substrate according to the second aspect of the present
disclosure has the same effects in that high integration and
diversification in expression of gradation of the driving
thin-film transistor Tdr due to the provision of the offset area
OFA, described in the first aspect, are possible.

[0105] Furthermore, since the first gate auxiliary electrode
127 is provided, an electrical signal between the first gate
electrode 113 and the first gate auxiliary electrode 127 is
shared, thereby improving the efficiency of the driving
thin-film transistor Tdr. In addition, no additional process of
removing the first gate auxiliary electrode 127 is required,
thereby reducing the number of masks compared to the first
aspect.
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[0106] Meanwhile, a description of parts of the second
aspect that are identical to those of the first aspect will be
omitted.

[0107] FIG. 5 is a cross-sectional view showing a back-
plane substrate according to a third aspect of the present
disclosure.

[0108] In the backplane substrate according to the third
aspect of the present disclosure, as shown in FIG. 5, a
driving thin-film transistor Tdr includes a first gate electrode
213, a first active layer 215A, a first source electrode DS
(shown in FIG. 2) and a first drain electrode DD (shown in
FIG. 2) connected to the opposite sides of the first active
layer 215A, and a first gate insulating film 214 provided
between the first active layer 215A and the first gate elec-
trode 213.

[0109] A switching thin-film transistor Tsw includes a
second gate electrode 217, a second active layer 215B, a
second source electrode 223 (SS) (shown in FIG. 2) and a
second drain electrode 221 (SD) (shown in FIG. 2) con-
nected to the opposite sides of the second active layer 2158,
and a second gate insulating film 216 provided between the
second active layer 215B and the second gate electrode 217.
[0110] That is, the driving thin-film transistor Tdr and the
switching thin-film transistor Tsw have the first and second
active layers 215A and 215B on the same layer, and have the
first and second gate electrodes 213 and 217 on different
layers. More specifically, the first gate electrode 213 is
located lower than the first active layer 215A, and the second
gate electrode 217 is located higher than the second active
layer 215B. Consequently, the first gate electrode 213 under
the first active layer 215A may extend so as to partially
overlap the second active layer 215B, and the second source
electrode 223 may extend downwardly so as to be connected
to the region of the first gate electrode 213 that overlaps the
second active layer 215B. In this case, the second source
electrode 223 extends through the second active layer 215B
so as to be connected to the upper part of the first gate
electrode 213 under the second active layer 215B.

[0111] Meanwhile, the first active layer 215A has an offset
area OFA protruding from the edge of the first gate electrode
213 by a predetermined width in a planar state and a first
doped area 2155 that abuts the offset area OFA and is spaced
apart from the edge of the first gate electrode 213. Conse-
quently, the turn-on time is increased in the graph of Vigs-Ids
of the driving thin-film transistor Tdr, thereby diversifying
the expression of gradation.

[0112] Furthermore, in the third aspect of the present
disclosure, as shown in FIG. 5, a first storage electrode 211,
which overlaps the first gate electrode 213, is provided under
the first gate electrode 213. In addition, the second source
electrode 223 connected to the first gate electrode 213 may
have a planar portion on a layer different from that of the
second drain electrode 221.

[0113] A first contact hole CT1 between the planar portion
of the second source electrode 223 and the first gate elec-
trode 213 may have a greater depth than a second contact
hole CT2 between the upper surface of the second drain
electrode 221 and the second active layer 215B. The reason
for this is that the planar portion of the second source
electrode 223 is located on a layer different from the layer
on which the planar portion of the second drain electrode
221 is located and that the first contact hole CT1 is more
excessively etched to expose the second active layer 215B
and the first gate insulating film 214.
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[0114] In addition, a first storage auxiliary electrode 225
that is perpendicularly connected to the first storage elec-
trode 211 and overlaps the planar portion of the second
source electrode 223 is further provided to increase an
overlapping region, thereby improving storage capacitance.
[0115] In addition, the region is shared through the vertical
connection between the driving thin-film transistor Tdr and
the switching thin-film transistor Tsw. Consequently, circuits
may be integrated in each subpixel, which is advantageous
in realizing integration.

[0116] Meanwhile, there are insulating films as elements
that have not been described in the above construction.
Detailed descriptions on the insulating films are as follows.
[0117] A buffer layer 210 is located on a substrate 200. A
first interlayer insulating film 212 is located so as to cover
a first storage electrode 211 on the buffer layer 210. A first
gate electrode 213, which overlaps the first storage electrode
211, is located on the first interlayer insulating film 212. A
first gate insulating film 214 is located so as to cover the first
gate electrode 213. A first active layer 215A and a second
active layer 215B are located on the first gate insulating film
214 s0 as to be spaced apart from each other. A second gate
insulating film 216 is located so as to cover the first active
layer 215A and the second active layer 215B. A second gate
electrode 217 that partially overlaps the second active layer
215B is located on the second gate insulating film 216. A
second interlayer insulating film 219 is located so as to cover
the second gate electrode 217. In succession, a third inter-
layer insulating film 220 is located thereon. The third
interlayer insulating film 220, the second interlayer insulat-
ing film 219, the second gate insulating film 216, the second
active layer 215B, and the first gate insulating film 214 are
removed to a predetermined diameter to form a first contact
hole CT1 (see FIG. 5). A second source electrode 223
connected to the exposed first gate electrode 213 is provided.
A second drain electrode 221 is formed so as to be connected
to a second doped area 2154 of the second active layer 215B,
exposed by removing the third interlayer insulating film 220,
the second interlayer insulating film 219, and the second
gate insulating film 216.

[0118] A third interlayer insulating film 222 is provided
between the planar portion of the second source electrode
223 and the planar portion of the second drain electrode 221.
A fourth interlayer insulating film 224 is provided between
a planar portion of the first storage auxiliary electrode 225
and the planar portion of the second source electrode 223.
[0119] Storage capacitance in the third aspect is further
improved than in the first and second aspects. Even when the
area of each subpixel is small due to high integration, it is
possible to provide sufficient storage capacitance.

[0120] Meanwhile, the first and second active layers 215A
and 215B may be made of polysilicon. The reason for this
is that it is possible to achieve high-speed driving through
high mobility of the active layers in the integrated subpixel.
In addition, the offset area OFA is not provided at the second
active layer 215B but is provided at the first active layer
215A, whereby high gradation may be expressed by the
driving thin-film transistor.

[0121] FIG. 6 is a cross-sectional view showing a back-
plane substrate according to a fourth aspect of the present
disclosure.

[0122] The backplane substrate according to the fourth
aspect of the present disclosure shown in FIG. 6 is different
from the backplane substrate according to the aspect shown
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in FIG. 3 in that a first gate auxiliary electrode 227 is further
provided on the first active layer 215B such that the first gate
auxiliary electrode 227 can be used as a mask to define the
first doped area 215b of the first active layer 215B.

[0123] The remaining construction of the backplane sub-
strate shown in FIG. 6 is identical to that of the backplane
substrate shown in FIG. 5, and therefore a description
thereof will be omitted.

[0124] In the above structure, the driving thin-film tran-
sistor Tdr has a bottom gate shape having an offset area, and
the switching thin-film transistor Tsw has a top gate shape.
The driving thin-film transistor Tdr and the switching thin-
film transistor Tsw are different from each other in terms of
construction and operation. Even in an ultra-high resolution
structure, the driving thin-film transistor is capable of
expressing high gradation, and the switching thin-film tran-
sistor is capable of having circuit characteristics of high
mobility.

[0125] Hereinafter, a method of manufacturing the back-
plane substrate according to the present disclosure will be
described with reference to the drawings.

[0126] FIGS. 7A to 7E are cross-sectional views showing
a method of manufacturing a backplane substrate according
to the first aspect of the present disclosure.

[0127] The following processes are carried out in a single
subpixel. In a plurality of subpixels, the same structures may
be repeatedly formed using the same manufacturing method.

[0128] First, a substrate 100 (shown in FIG. 7A) having a
plurality of subpixels is prepared.

[0129] Subsequently, as shown in FIG. 7A, a buffer layer
110 is formed on the entire surface of the substrate 100 with
respect to each subpixel, and then a first storage electrode
111 is formed on a predetermined region of the buffer layer
110.

[0130] Subsequently, a first interlayer insulating film 112
is formed so as to cover the first storage electrode 111.

[0131] Subsequently, a first gate electrode 113 is formed
on the first interlayer insulating film 112.

[0132] Subsequently, as shown in FIG. 7B, a first gate
insulating film 114 is formed so as to cover the first gate
electrode 113.

[0133] Subsequently, amorphous silicon is deposited on
the first gate insulating film 114, and then the amorphous
silicon is crystallized through dehydrogenation and laser
application to form polysilicon. The polysilicon is then
patterned to form first and second active layers 115a and
115¢, which are spaced apart from each other. The second
active layer 115¢ partially overlaps the first gate electrode
113. In this step, the first and second active layers 115a and
115¢ are an undoped intrinsic state.

[0134] Subsequently, as shown in FIG. 7C, a second gate
insulating film 116 is formed so as to cover the first and
second active layers 115a and 115¢.

[0135] Subsequently. a second gate electrode 117, which
overlaps the second active layer 115B, and a first gate
auxiliary electrode 127, which overlaps the first active layer
115A and protrudes further than the first gate electrode 113,
are formed on the second gate insulating film 116.

[0136] Subsequently. as shown in FIG. 7D, a first active
layer 115A and a second active layer 115B are doped with
a p+ type dopant using the second gate electrode 117 and the
first gate auxiliary electrode 127 as masks to form a first
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doped area 1155 and a second doped area 1154 in the first
active layer 115A and the second active layer 115B, respec-
tively.

[0137] Here, undoped areas 115a and 115¢ are intrinsic
areas. Particularly, an area of the second active layer 115B
that overlaps the second gate electrode 117 inside the second
doped area 115d becomes a second channel 115¢, and an
area of the first active layer 115A that overlaps the first gate
electrode 113 becomes a first channel 115a. An area that
directly abuts the first channel 1154 and is located between
the first channel 115¢ and the first doped area 1155, which
is one of the intrinsic areas, is an offset area OFA, which is
an element that has an increased S-Factor to thereby diver-
sify the expression of gradation after a driving thin-film
transistor Tdr is finally formed.

[0138] Subsequently, as shown in FIG. 7E, the first gate
auxiliary electrode 127 is selectively removed.

[0139] Subsequently, a second interlayer insulating film
118 and a third interlayer insulating film 119 are succes-
sively formed by deposition so as to cover the second gate
electrode 117. The third interlayer insulating film 119, the
second interlayer insulating film 118, the second gate insu-
lating film 116, the first and second active layers 115A and
115B, and the first gate insulating film 114 are selectively
removed to form contact holes extending through the first
and second active layers 115A and 115B (only first and
second contact holes CT1 and CT2 are shown in FIG. 7E;
shown in FIG. 10 with respect to third and fourth contact
holes). The contact hole CT1 is formed by etching one side
of the second active layer 115B, under which the first gate
electrode 113 is provided, to such an extent that the first gate
electrode 113 is exposed. In the same process, the contact
hole CT2 is formed through the other side of the second
active layer 115B so as to have the same or similar depth.

[0140] Subsequently, a first source electrode DS (shown
FIG. 2) and a first drain electrode DD (shown FIG. 2),
extending through the opposite sides of the first active layer
115A 50 as to side-contact the first active layer 115A, and a
second source electrode 120 and a second drain electrode
121, extending through the opposite sides of the second
active layer 115B so as to side-contact the second active
layer 115B, are formed. The second source electrode 120 is
connected to the first gate electrode 113.

[0141] FIGS. 8A to 8E are cross-sectional views showing
a method of manufacturing a backplane substrate according
to a second aspect of the present disclosure.

[0142] In the method of manufacturing the backplane
substrate according to the second aspect of the present
disclosure, processes shown in FIGS. 8A to 8D are identical
to those of the method according to the first aspect, and
therefore a description thereof will be omitted.

[0143] In the method of manufacturing the backplane
substrate according to the second aspect of the present
disclosure, first and second doped areas 1156 and 1154 are
defined, and a first gate auxiliary electrode 227, used as a
doping mask, is not removed but remains.

[0144] Subsequently, in the process shown in FIG. 8E,
contact holes, a first source electrode DS (shown in FIG. 2),
a first drain electrode DD (shown in FIG. 2), a second source
electrode 120, and a second drain electrode 121 are formed.
This process is identical to that described in connection with
the first aspect, and thereof a description thereof will be
omitted.
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[0145] FIGS. 9A to 9E are process sectional views show-
ing a method of manufacturing a backplane substrate
according to a third aspect of the present disclosure.
[0146] First, a substrate 200 (shown FIG. 9A) having a
plurality of subpixels is prepared.

[0147] Subsequently. as shown in FIG. 9A, a buffer layer
210 is formed on the entire surface of the substrate 200 with
respect to each subpixel, and then a first storage electrode
211 is formed on a predetermined region of the buffer layer
210.

[0148] Subsequently, a first interlayer insulating film 212
is formed so as to cover the first storage electrode 211.
[0149] Subsequently, a first gate electrode 213 is formed
on the first interlayer insulating film 212.

[0150] Subsequently, as shown in FIG. 9B, a first gate
insulating film 214 is formed so as to cover the first gate
electrode 213.

[0151] Subsequently, first and second active layers 215A
and 215B, which are spaced apart from each other, are
formed on the first gate insulating film 214. The second
active layer 215B partially overlaps the first gate electrode
213.

[0152] Subsequently. as shown in FIG. 9C, a second gate
insulating film 216 is formed so as to cover the first and
second active layers 215A and 215B.

[0153] Subsequently. a second gate electrode 217, which
overlaps the second active layer 115B, and a first gate
auxiliary electrode 227, which overlaps the first active layer
115A and protrudes further than the first gate electrode 213,
are formed on the second gate insulating film 216.

[0154] Subsequently. as shown in FIG. 9D, the first active
layer 215A and the second active layer 215B are doped with
a p+ type dopant using the second gate electrode 217 and the
first gate auxiliary electrode 227 as masks to form a first
doped area 2155 and a second doped area 2154 in the first
active layer 215A and the second active layer 215B, respec-
tively.

[0155] Here, undoped areas are intrinsic areas. Particu-
larly, an area of the second active layer 215B that overlaps
the second gate electrode 217 inside the second doped area
215d is a second channel 215¢, and an area of the first active
layer 215A that overlaps the first gate electrode 213 is a first
channel 215q. An area that directly abuts the first channel
215a and is located between the first channel 2154 and the
first doped area 2155, which is one of the intrinsic areas, is
an offset area OFA, which is an element that has an increased
S-Factor to thereby diversify the expression of gradation
after a driving thin-film transistor Tdr is finally formed.
[0156] Subsequently. as shown in FIG. 9E, the first gate
auxiliary electrode 227 is selectively removed.

[0157] Subsequently, a second interlayer insulating film
219 and a third interlayer insulating film 220 are succes-
sively formed by deposition so as to cover the second gate
electrode 217.

[0158] The third interlayer insulating film 220, the second
interlayer insulating film 219, and the second gate insulating
film 216 are removed to form a second contact hole CT2,
through which a portion of the second doped area 2154 of
the second active layer 215B is exposed.

[0159] Subsequently. a second drain electrode 221 con-
nected to the second doped area 2154 of the second active
layer 215B through the second contact hole CT2 is formed.
A planar portion of the second drain electrode 221 is located
on the third interlayer insulating film 220.
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[0160] Subsequently, as shown in FIG. 9F, a fourth inter-
layer insulating film 222 is deposited on the third interlayer
insulating film 220 including the second drain electrode 221.
Then, the fourth interlayer insulating film 222, the third
interlayer insulating film 220, the second interlayer insulat-
ing film 219, the second gate insulating film 216, a prede-
termined region of the second doped area 2154 of the second
active layer 215B, and the first gate insulating film 214 are
selectively removed to form a first contact hole CT1.
[0161] Subsequently, a second source electrode 223,
which is connected to the first gate electrode 213 through the
first contact hole CT1, is formed.

[0162] A planar portion of the second source electrode 223
is located on the fourth interlayer insulating film 222, and
may have an area similar to that of the first gate electrode
213.

[0163] Subsequently, a fifth interlayer insulating film 224
is formed on the fourth interlayer insulating film 222 includ-
ing the planar portion of the second source electrode 223.
Then, the fifth interlayer insulating film 224, the fourth
interlayer insulating film 222, the third interlayer insulating
film 220, the second interlayer insulating film 219, the
second gate insulating film 216, a predetermined region of
the second doped area 215d of the second active layer 215B,
the first gate insulating film 214, and the first interlayer
insulating film 212 are selectively removed to form a storage
contact hole.

[0164] Subsequently, a storage contact electrode 225,
which is connected to the first storage electrode 211 through
the storage contact hole and partially overlaps the planar
portion of the second source electrode 223 on the fifth
interlayer insulating film 224, is formed.

[0165] The storage contact electrode 225 may serve as a
first source electrode or a first drain electrode of the driving
thin-film transistor Tdr.

[0166] Meanwhile, in the method of manufacturing the
backplane substrate according to the third aspect of the
present disclosure, the first gate auxiliary electrode 227 may
not be removed but may remain, as described in the second
aspect of the disclosure Hereinafter, an organic light-emit-
ting display device including the above-described backplane
substrate according to the present disclosure will be
described.

[0167] FIG. 10 is a cross-sectional view showing an
organic light-emitting display device according to the pres-
ent disclosure.

[0168] FIG. 10 is a cross-sectional view selectively show-
ing only the connection between a driving thin-film transis-
tor Tdr and an organic light-emitting diode OLED. The
backplane substrate according to any one of the previous
aspects may be provided under the organic light-emitting
diode. In FIG. 10, the backplane substrate according to the
first aspect is provided under the organic light-emitting
diode. However, the present disclosure is not limited thereto.
The backplane substrate according to any one of the second
to fourth aspects may be provided under the organic light-
emitting diode.

[0169] That is, a passivation film 125 is formed on the first
source electrode 122 and the first drain electrode 123 of the
driving thin-film transistor Tdr of the backplane substrate.
The passivation film 125 is selectively removed to form a
contact hole, through which a portion of the first source
electrode 122 is exposed. A first electrode 231, which is
connected to the first source electrode 122 through the
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contact hole, is formed, a bank 250 is formed so as to cover
a non-emissive part, and an organic layer 232 including an
organic emissive layer and a second electrode 240 are
sequentially formed on the first electrode 231.

[0170] Here, the first electrode 231, the organic layer 232
including the organic emissive layer, and the second elec-
trode 240 constitute an organic light-emitting diode OLED.
[0171] Inthe organic light-emitting display device accord-
ing to the present disclosure, as shown in FIG. 3 to 6 or 10,
overlapping between the channel of each thin-film transistor
and the gate electrode is adjusted by changing the stack
structure of the driving thin-film transistor and the switching
thin-film transistor, whereby the offset area is selectively
provided at the driving thin-film transistor. Consequently,
the S-Factor of the driving thin-film transistor, which
directly affects the expression of gradation, may be
increased, whereby it is possible to sufficiently express
gradation.

[0172] In addition, the thin-film transistor other than the
driving thin-film transistor, e.g. the switching thin-film tran-
sistor, has high mobility and rapid response speed, unlike the
driving thin-film transistor, whereby it is possible to suffi-
ciently perform high-performance circuit operation in a high
resolution or ultra-high resolution structure.

[0173] In addition, the driving thin-film transistor and the
switching thin-film transistor are not connected to each other
in a planar state but are vertically connected to each other
such that the driving thin-film transistor and the switching
thin-film transistor overlap each other in a planar state,
whereby device integration is possible, which is advanta-
geous in realizing ultra-high resolution.

[0174] As is apparent from the above description, the
backplane substrate according to the present disclosure, the
method of manufacturing the same, and the organic light-
emitting display device using the same have the following
effects.

[0175] First, overlapping between the channel of each
thin-film transistor and the gate electrode is adjusted by
changing the stack structure of the driving thin-film transis-
tor and the switching thin-film transistor, whereby the offset
area is selectively provided at the driving thin-film transis-
tor. Consequently, the S-Factor of the driving thin-film
transistor, which directly affects the expression of gradation,
may be increased, whereby it is possible to sufficiently
express gradation.

[0176] Second, the thin-film transistor other than the driv-
ing thin-film transistor, e.g. the switching thin-film transis-
tor, has high mobility and rapid response speed, unlike the
driving thin-film transistor, whereby it is possible to suffi-
ciently perform high-performance circuit operation in a high
resolution or ultra-high resolution structure.

[0177] Third, the driving thin-film transistor and the
switching thin-film transistor are not connected to each other
in a planar state but are vertically connected to each other
such that the driving thin-film transistor and the switching
thin-film transistor overlap each other in a planar state,
whereby device integration is possible, which is advanta-
geous in realizing ultra-high resolution.

[0178] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the disclosure. Thus, it is intended that the present
disclosure covers the modifications and variations of this



US 2020/0227496 Al

disclosure provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:
1. A method of manufacturing a backplane substrate
comprising:

forming a first gate electrode at each subpixel of a
substrate;

forming a first gate insulating film to cover the first gate
electrode;

forming first and second active layers, which are spaced
apart from each other, on the first gate insulating film,
wherein each of the first and second active layers is
overlapped with the first gate electrode;

forming a second gate insulating film to cover the first and
second active layers;

forming a second gate electrode to overlap the second
active layer on the second gate insulating film;

forming a first doped area in the first active layer and a
second doped area in the second active layer using the
second gate electrode;

forming an interlayer insulating film to cover the second
gate electrode;

forming a first contact hole penetrating the interlayer
insulating film, the second gate insulating film, and the
first gate insulating layer to expose the first gate elec-
trode; and

forming a first source electrode and a first drain electrode
and a second source electrode and a second drain
electrode on the interlayer insulating film and connect-
ing the second source electrode to the first gate elec-
trode through the first contact hole.
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2. The method according to claim 1, further forming the
first gate auxiliary electrode on the second gate insulating
layer.

3. The method according to claim 2, wherein the first gate
auxiliary electrode overlaps the first active layer and pro-
trudes further than the first gate electrode,

4. The method according to claim 2, further comprising
removing the first gate auxiliary electrode.

5. The method according to claim 1, wherein the inter-
layer insulating film comprises a plurality of interlayer
insulating films.

6. The method according to claim 1, further comprising a
second contact hole penetrating the interlayer insulating film
and the second gate insulating film where is spaced from the
first gate electrode.

7. The method according to claim 6, wherein the first
contact hole is deeper than the second contact hole.

8. The method according to claim 6, further comprising a
third second contact hole and a fourth contact hole each
penetrating the interlayer insulating film, the second gate
insulating film and the first active layer corresponding to
opposite ends of the first active layer.

9. The method according to claim 8, wherein the third and
fourth contact hole is deeper than the first contact hole.

10. The method according to claim 1, further comprising
crystallizing the first and second active layer.

11. The method according to claim 1, further comprising
forming a first storage electrode, which overlaps the first
gate electrode, under the first gate electrode on the substrate.

12. The method according to claim 11, further comprising
forming a first storage auxiliary electrode that is connected
to the first storage electrode and overlaps a planar portion of
the second source electrode.
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