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ABSTRACT

Disclosed are a backplane substrate, which is devised to
attain circuit characteristics for realizing sufficient gradation
even in smaller pixels of a super-high-resolution structure, a
manufacturing method for the same, and an organic light-
emitting display device using the same, inn the backplane
substrate, a driving thin-film transistor has a stack structure
different from that of other thin-film transistors so that only
the S-factor of the driving thin-film transistor is increased.
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BACKPLANE SUBSTRATE,
MANUFACTURING METHOD FOR THE
SAME, AND ORGANIC LIGHT-EMITTING
DISPLAY DEVICE USING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/639,743 filed on Jun. 30, 2017,
which claims the benefit of Korean Patent Application No.
10-2016-0082946, filed on Jun. 30, 2016, all of which are
hereby incorporated by reference in their entireties 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 of an organic
light emitting display device and a method of manufacturing
the same, which enables a high gradation even in smaller
pixels of a super-high-resolution structure.

Description of the Background

[0003] With development of various portable electronic
appliances such as mobile communication terminals and
laptop computers, there is an increasing demand for flat-
panel display devices that may be applied thereto.

[0004] As such flat-panel display devices, for example,
liquid crystal display devices, plasma display panel devices,
field emission display devices, and organic or inorganic
light-emitting display devices have been studied. Among
these flat-panel display devices, in particular, the application
of an organic light-emitting display device is increasing
owing to several advantages thereof, such as development of
mass-production technology, ease of driving means, a low
power consumption, a high image quality, ease of realization
of a large screen, and flexibility and etc.

[0005] In addition, such a flat-panel display device
includes a plurality of pixels in a matrix form and also
includes one or more thin-film transistors (TFTs) in each
pixel to individually control the respective pixels. Each pixel
may include an R-sub-pixel, a G-sub-pixel and a B-sub-
pixel for color expression.

[0006] However, since a display device for augmented
reality or virtual reality needs to realize a high resolution
within a limited size, the size of individual pixels is gradu-
ally being reduced. In addition, in a display device in which
a light-emitting element is provided in an individual sub-
pixel, such as an organic light-emitting display device,
circuit elements, such as at least two thin-film transistors and
one capacitor (2T1C structure), need to be provided in the
individual sub-pixel in order to allow the individual sub-
pixel to be selectively driven for gradation, and in this case,
the respective thin-film transistors have the same structure.
However, although element characteristics such as, for
example, mobility of the respective thin-film transistors, are
improved when the area of the individual sub-pixel is small,
a driving thin-film transistor may undergo the saturation of
current within a short time when a gate voltage is applied
thereto, which makes it difficult to realize various and
sufficient gradation.
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[0007] That is, the higher the resolution, the smaller the
sub-pixel, and all circuit elements required to drive each
sub-pixel need to be included in the limited area of the
sub-pixel. In this case, when the driving thin-film transistor
has the same stack structure as the other thin-film transistors,
the response time of the thin-film transistors is fast, but
sufficient gradation is difficult.

SUMMARY OF THE DISCLOSURE

[0008] Accordingly, the present disclosure is directed to a
backplane substrate, a manufacturing method for 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.

[0009] The present disclosure is to provide a backplane
substrate, which enables high gradation even in smaller
pixels of a super-high-resolution structure, and an organic
light-emitting display device using the same.

[0010] In a backplane substrate of the present disclosure,
a driving thin-film transistor and a switching thin-film
transistor may have different structures, so that the driving
thin-film transistor secures a sufficient S-factor so as to
enable high gradation and the switching thin-film transistor
and other thin-film transistors maintains circuit characteris-
tics, such as high mobility, whereby both high gradation and
a predetermined level of element characteristics may be
achieved.

[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] 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 sub-pixels, a driving thin-
film transistor located in each sub-pixel and including a first
gate electrode, a first active layer formed of polysilicon, a
first source electrode and a first drain electrode connected to
opposite sides of a first channel of the first active layer, and
a first gate insulating layer between the first active layer and
the first gate electrode, and a switching thin-film transistor
located in each sub-pixel so as to be connected to the driving
thin-film transistor and including a second gate electrode, a
second active layer formed of polysilicon, a second source
electrode and a second drain electrode connected to opposite
sides of a second channel of the second active layer, and a
second gate insulating layer between the second active layer
and the second gate electrode, wherein the first active layer
and the second active layer are located in the same layer,
wherein the first gate electrode and the second gate electrode
are located in different layers, and wherein a first distance
between the first gate electrode and the first active layer is
longer than a second distance between the second gate
electrode and the second active layer.

[0013] The first gate insulating layer may be thicker than
the second gate insulating layer.

[0014] In an example for this configuration, the first gate
electrode and the first gate insulating layer may be located
below the first active layer and the second active layer, and
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the second gate electrode and the second gate insulating
layer may be located above the first active layer and the
second active layer.

[0015] In this case, the first gate electrode may be thinner
than the second gate electrode, and may have a thickness
within a range from 500 A to 2000 A.

[0016] The backplane substrate may further include a
buffer thin-film transistor including a third gate electrode, a
third source electrode and a third drain electrode, which are
located respectively in the same layers as the second gate
electrode, the second source electrode and the second drain
electrode of the switching thin-film transistor.

[0017] The first gate electrode may be connected to the
second source electrode.

[0018] The first source electrode may be connected to the
third source electrode.

[0019] In another example, the second gate electrode and
the second gate insulating layer may be located below the
first active layer and the second active layer, and the first
gate electrode and the first gate insulating layer may be
located above the first active layer and the second active
layer. In this case, the second gate electrode may be thinner
than the first gate electrode, and the second gate electrode
may have a thickness within a range from 500 A to 2000 A.
[0020] The substrate may be divided into an active area
having the sub-pixels and a peripheral area, and the back-
plane substrate may further include a circuit thin-film tran-
sistor having the same structure as the switching thin-film
transistor in the peripheral area.

[0021] The first source electrode may be connected to an
anode electrode of an organic light-emitting diode.

[0022] In accordance with another aspect of the present
disclosure, an organic light-emitting display device includes
a substrate having a plurality of sub-pixels, a driving thin-
film transistor located in each sub-pixel and including a first
gate electrode, a first active layer formed of polysilicon and
located above the first gate electrode, a first source electrode
and a first drain electrode connected to opposite sides of a
first channel of the first active layer, and a first gate insu-
lating layer between the first active layer and the first gate
electrode, a switching thin-film transistor located in each
sub-pixel so as to be connected to the driving thin-film
transistor and including a second gate electrode, a second
active layer formed of polysilicon and located below the
second gate electrode, a second source electrode and a
second drain electrode connected to opposite sides of a
second channel of the second active layer, and a second gate
insulating layer between the second active layer and the
second gate electrode, a storage capacitor between the first
gate electrode and the first source electrode, and an organic
light-emitting diode including an anode connected to the
first source electrode, a cathode opposite the anode, and an
organic layer including an organic light-emitting layer
located between the anode and the cathode, wherein the first
active layer and the second active layer are located in the
same layer, and the first gate insulating layer is thicker than
the second gate insulating layer.

[0023] In accordance with a further aspect of the present
disclosure, a method of manufacturing a backplane substrate
includes preparing a substrate having a plurality of sub-
pixels, each sub-pixel having a first area and a second area
partitioned from each other, providing a first gate electrode
in the first area of the sub-pixel, providing a first gate
insulating layer having a first thickness so as to cover the
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first gate electrode, providing a first active layer and a
second active layer on the first gate insulating layer in the
first area and the second area respectively, the first active
layer and the second active layer being formed of polysili-
con, providing a second gate insulating layer having a
second thickness, which is smaller than the first thickness, so
as to cover the first and second active layers, providing a
second gate electrode on the second gate insulating layer so
as to correspond to a top of the second active layer, and
providing a first source electrode and a first drain electrode
connected to opposite sides of the first active layer and a
second source electrode and a second drain electrode con-
nected to opposite sides of the second active layer.

[0024] The providing the first active layer and the second
active layer includes a first operation of depositing an
amorphous silicon layer on an entire surface of the first gate
insulating layer, a second operation of crystallizing the
amorphous silicon layer to a polysilicon layer, and a third
operation of selectively removing the polysilicon layer so as
to leave the first active layer and the second active layer in
the first area and the second area.

[0025] 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

[0026] 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.
[0027] In the drawings:

[0028] FIG. 1 is a plan view illustrating an organic light-
emitting display device according to the present disclosure;
[0029] FIG. 2 is a circuit diagram of one sub-pixel in the
organic light-emitting display device according to the pres-
ent disclosure;

[0030] FIGS. 3A and 3B are graphs illustrating V-,
characteristics under different areas of the sub-pixel in a
driving thin-film transistor and a switching thin-film tran-
sistor having the same stack structure;

[0031] FIGS. 4A and 4B are graphs illustrating variation
in S-factor depending on AV ..

[0032] FIG. 5 is a schematic cross-sectional view illus-
trating a backplane substrate according to an aspect of the
present disclosure;

[0033] FIG. 6 is a cross-sectional view illustrating a modi-
fication of the aspect of the present disclosure;

[0034] FIG. 7 is a cross-sectional view illustrating an
expanded example of the aspect of the present disclosure;

[0035] FIG. 8 is a schematic cross-sectional view illus-
trating a backplane substrate according to another aspect of
the present disclosure; and

[0036] FIG. 9 is a cross-sectional view illustrating one
form of an organic light-emitting display device using the
backplane substrate according to the aspect of the present
disclosure.

DETAILED DESCRIPTION

[0037] Hereinafter, the aspects of the present disclosure
will be described in detail with reference to the accompa-
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nying drawings. In the entire specification, the same refer-
ence numerals denote substantially the same constituent
elements. In the following description, 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. Also, the names of con-
stituent elements used in the following description are
selected taking into consideration ease of description of the
specification, and may differ from the names of parts of
actual products.

[0038] Meanwhile, among the terms to be described
below, a backplane substrate means a substrate in which
thin-film transistors are formed in each sub-pixel. The
backplane substrate may be used in various types of display
devices, and may function to selectively drive each sub-
pixel. In the present disclosure, although an organic light-
emitting display device is described as one example of a
display device, the backplane substrate of the present dis-
closure is not limited to the organic light-emitting display
device and may be applied to various display devices that
require two or more thin-film transistors in each sub-pixel.
The organic light-emitting display device is configured by
connecting a driving thin-film transistor of each sub-pixel
and an organic light-emitting diode (OLED) to each other.
[0039] FIG. 1 is a plan view illustrating an organic light-
emitting display device according to the present disclosure,
and FIG. 2 is a circuit diagram of one sub-pixel in the
organic light-emitting display device according to the pres-
ent disclosure.

[0040] The organic light-emitting display device of the
present disclosure, as illustrated in FIG. 1, includes an active
area AA in the center of a substrate 100, a plurality of
sub-pixels SP provided in a matrix form in the active area
AA, and gate drivers 280a and 2805 and a driver integrated
circuit (IC) 200 around the active area AA. In addition, an
inner connection wiring 132 is provided between the driver
1C 200 and the gate drivers 280a and 2805 so as to connect
them to each other.

[0041] Each sub-pixel SP in the active area AA, as illus-
trated in FIG. 2, includes a wiring including a scan line SL
and a sensing line SSL, which are parallel to each other in
the horizontal direction, and a first voltage line VDL, a data
line DL and a second voltage line RL, which intersect the
scan line SL and the sensing line SSL and are parallel to one
another. The sub-pixel SP further includes a switching
thin-film transistor Sw-Tr provided at the intersection of the
scan line SL and the data line DL, a driving thin-film
transistor D-Tr provided between the switching thin-film
transistor Sw-Tr and the first voltage line VDL, and a
sensing thin-film transistor Ref-Tr provided at the intersec-
tion of the sensing line SSL and the second voltage line RL.
[0042] Here, a connection node of the switching thin-film
transistor Sw-Tr and the driving thin-film transistor D-Tr is
referred to as a first node A, and a connection node of the
driving thin-film transistor D-Tr and the sensing thin-film
transistor Ref-Tr is referred to as a second node B.

[0043] A storage capacitor C,, is provided between the first
and second nodes A and B to achieve the holding charac-
teristics of each sub-pixel, and one side electrode, i.e. the
side of the second node B of the storage capacitor C_, is
connected to an organic light-emitting diode (OLED). An
anode electrode of the organic light-emitting diode (OLED)
is connected to the second node B, a cathode electrode is
connected to a ground terminal, and an organic layer includ-
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ing an organic light-emitting layer is provided between the
anode electrode and the cathode electrode. Here, the organic
layer may include a single organic light-emitting layer, or
may include a hole injection layer and/or a hole transport
layer provided between the anode electrode and the organic
light-emitting layer and an electron transport layer and/or an
electron injection layer provided between the cathode elec-
trode and the organic light-emitting layer.

[0044] In the switching thin-film transistor Sw-Tr, a
switching gate electrode SG forms a portion of the scan line
SL or a pattern protruding therefrom, a switching drain
electrode SD is connected to the data line DL, and a
switching source electrode SS is connected to the first node
A. The first node A is also connected to a gate electrode DG
of the driving thin-film transistor D-Tr.

[0045] In the driving thin-film transistor D-Tr, the driving
gate electrode DG is connected to the first node A, a driving
drain electrode DD is connected to the first voltage line
VDL, and a driving source electrode DS is connected to the
second node B. In some cases, a separate electrode may be
formed on a back-channel portion of the driving thin-film
transistor D-Tr.

[0046] In the sensing thin-film transistor Ref-Tt, a sensing
gate electrode RG forms a portion of the sensing line SSL or
a pattern protruding therefrom, a sensing drain electrode RD
is connected to the second voltage line RL, and a sensing
source electrode RS is connected to the second node B.
[0047] Here, in some cases, the sensing line SSL, the
second voltage line RL, and the sensing thin-film transistor
Ref-Tr may be omitted from the sub-pixel.

[0048] The switching thin-film transistor Sw-Tr is con-
nected to the scan line SL and the data line DL and functions
to select the corresponding sub-pixel. In addition, the driv-
ing thin-film transistor D-Tr functions to drive the organic
light-emitting diode (OLED) of the sub-pixel selected by the
switching thin-film transistor Sw-Tr. When the sensing
thin-film transistor Ref-Tr is provided, it is connected
between the sensing line SSL and the second voltage line RL
and functions to sense or initialize a voltage value of the
second node B. The following description is based on an
example in which the sensing thin-film transistor Ref-Tr is
provided in consideration of the advantages of initialization
and sensing. In some cases, the sensing thin-film transistor
may be omitted. In addition, a separate buffer transistor,
which has the same stack structure as the switching thin-film
transistor and the sensing thin-film transistor, may be further
provided to compensate for deterioration.

[0049] In the illustrated circuit diagram, a driving voltage
is supplied to the first voltage line VDL, and a reference
voltage is supplied to the second voltage line RL. Alterna-
tively, a voltage value of the second node B may be read via
the second voltage line RL.

[0050] The multiple sub-pixels are provided in a matrix
form on the substrate 100, and in each sub-pixel, a storage
capacitor area may be defined in the intersection area of the
scan line SL and the sensing line SSL, which are spaced
apart from each other, and the first voltage line VDL and the
data line DL, which are spaced apart from each other.
[0051] In addition, the scan line SL and the sensing line
SSL receive a scan signal and a sensing signal via the gate
drivers 280a and 2805 of FIG. 1. The gate drivers 280a and
280h may be mounted in the substrate 100, rather than
having the form of a separate integrated circuit (IC) or tape
carrier package (TCP), or the form of a chip on glass (COG).
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In this case, a plurality of circuit thin-film transistors may be
provided for each scan line/sensing line. The circuit thin-
film transistors have the same (stack) structure as the switch-
ing thin-film transistor, which will be described below, and
consequently, have a high mobility and a stabilized threshold
voltage.

[0052] Meanwhile, the driver IC 200 may include a source
driver, a controller configured to control the timing of the
gate drivers and the source driver, and a power supply.
[0053] In the backplane substrate and the organic light-
emitting display device of the present disclosure, the circuit
of each sub-pixel may have a 3TIC structure described
above or a 2TIC structure, or any other structure in which
thin-film transistor(s) or capacitor(s) can be added to the
2T1C or 3TIC structure.

[0054] In the backplane substrate and the organic light-
emitting display device of the present disclosure, the thin-
film transistors of each sub-pixel have different stack struc-
tures so that at least the driving thin-film transistor has an
S-factor different from that of the other thin-film transistors.
[0055] Hereinafter, the reason why the driving thin-film
transistor has an S-factor different from that of the other
thin-film transistors according to the present disclosure will
be described.

[0056] FIGS. 3A and 3B are graphs illustrating V-,
characteristics under different areas of the sub-pixel in the
driving thin-film transistor and the switching thin-film tran-
sistor having the same stack structure.

[0057] FIG. 3A illustrates V-1, characteristics in a mod-
ern full-high-density (FHD) structure having a resolution of
403 ppi (pixels per inch), and FIG. 3B illustrates V-1,
characteristics in a super-high-resolution structure having a
resolution of 1500 ppi in which the area of each sub-pixel is
reduced to about %14 of that in the FHD structure. Here, the
experiment was performed under the conditions that, in both
the structures, all thin-film transistors have the same stack
structure, for example, a top-gate-electrode structure.
[0058] Among modern display devices, for example, 3D
glasses and mobile devices tend to require a smaller panel,
the ability to display an image resembling an actual image,
and a resolution of 1000 ppi or more. However, since these
devices have a small size, the size of each sub-pixel is
reduced as the resolution is increased.

[0059] For example, an individual sub-pixel in the FHD
structure has a width of 31.5 pm and a length of 63 um,
whereas an individual sub-pixel in the 1500 ppi structure has
awidth of 8.45 um and a length of 16.9 wm, and thus the area
occupied by the circuit in the sub-pixel is reduced to about
144 of that in the FHD structure.

[0060] As illustrated in FIG. 3B, when the area of the
sub-pixel is reduced, the area of emission of light is reduced,
and thus a required drain current (Id) value is within a small
range (from 1x107'? A to 5%10~° A). In contrast, since the
area of emission of light is large when the area of the
sub-pixel is large, as illustrated in FIG. 3A, a required drain
current (Id) value is within a large range (from 1x1072 A to
1x1077 A). Thus, when thin-film transistors having the same
stack structure are provided in the sub-pixels of the FHD
structure and the 1500 ppi structure, as illustrated in FIG.
3A, AV, is about 2V and the drain current Id in the saturated
state is about 1x1077 A in the FHD structure, whereas, as
illustrated in FIG. 3B, AV, is below about 1V and the drain
current Id in the saturated state is about 5x10~° A in the 1500
ppi high-resolution structure. Accordingly, it can be
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observed that the drain current is saturated within a shorter
time as the resolution is increased and thus the area of the
sub-pixel is reduced, which makes it difficult to realize
sufficient gradation. For reference, gradation is realized
within a section from the time at which the thin-film
transistors are turned on to the time at which the drain
current is saturated, i.e. within AV_,. Accordingly, gradation
is limited when the AV, is small.

[0061] That is, the above-described experiment shows
that, under the assumption that all thin-film transistors have
the same structure, variation in the area of the sub-pixel has
an effect on the AV, from the time at which the thin-film
transistors are turned on to the time at which the drain
current is saturated. This means that it may be difficult to
achieve suflicient gradation when the resolution is increased
in the case where all thin-film transistors in the sub-pixel
have the same stack structure.

[0062] Accordingly, in the backplane substrate and the
organic light-emitting display device of the present disclo-
sure, which aim a high-resolution small model, in order to
realize sufficient gradation, the driving thin-film transistor,
which has a direct effect on gradation, has a structure
different from that of the other thin-film transistors, and in
particular, there is a difference in S-factor between the
driving thin-film transistor and the other thin-film transis-
tors.

[0063] FIGS. 4A and 4B are graphs illustrating variation
in S-factor depending on AV,

Equation 1

kT[ (Cy+ Cit)]
— |1+
G

[0064] In the organic light-emitting display device, the
S-factor is the reciprocal of the gradient of drain current Ids
from the time at which the thin-film transistors are turned on
and the drain current is saturated, as illustrated in the graph
illustrating the relationship of V-l . and is represented by
Equation 1. Here, “C,” is the capacity of a gate insulating
layer, “C,” is the capacity of an LDD area (depleted area),
“C,” is the density of the gate insulating layer captured in a
gap, and kT/q is a thermal voltage of the organic light-
emitting display device.

[0065] The S-factor is small when the AV, is small, as
illustrated in FIG. 4A, whereas the S-factor is large when the
AV, is large, as illustrated in FIG. 4B. The AV, and the
S-factor are approximately proportional to each other.
[0066] In the above equation for calculating the S-factor,
the factor that may be changed by a difference in structure
between the thin-film transistors is “C,”. In particular, in the
above Equation 1, “C,” is the capacity of the gate insulating
layer in the corresponding thin-film transistor, and is
inversely proportional to the thickness of the gate insulating
layer. In the above equation, since “C,” is located in the
denominator, the conclusion that the S-factor is increased
when the gate insulating layer in the corresponding thin-film
transistor is thick and is reduced when the gate insulating
layer is thin is derived.

[0067] In the present disclosure, with reference to the
above-described Equation 1 and the relationship of the
S-factor with reference to FIGS. 4A and 4B, the driving
thin-film transistor has a stack structure different from that
of the other thin-film transistors. That is, as illustrated in
FIG. 4B, the driving thin-film transistor has a large S-factor
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to realize sufficient gradation, and the other thin-film tran-
sistors, as illustrated in FIG. 4A, have a small S-factor to
maintain the high response time thereof.

[0068] That is, in the backplane substrate and the organic
light-emitting display device using the same according to the
present disclosure, the driving thin-film transistor has a
cross-sectional configuration different from that of the other
thin-film transistors in a super-high-resolution structure.
Thereby, the driving thin-film transistor may have a suffi-
cient S-factor to realize gradation of 256 or more colors
within an increased AV, range. In this way, a high gradation
image resembling an actual image may be displayed. In
addition, the switching thin-film transistor and/or the sens-
ing thin-film transistor or the circuit thin-film transistor may
maintain high mobility and high response time so as to
secure the high-performance circuit operation of each sub-
pixel.

FIRST EXAMPLE

[0069] FIG. 5 is a schematic cross-sectional view illus-
trating a backplane substrate of an organic light-emitting
display device according to a first aspect of the present
disclosure.

[0070] As illustrated in FIG. 5, the backplane substrate
according to the first aspect of the present disclosure
includes the substrate 100 having a plurality of sub-pixels,
the driving thin-film transistor D-Tr, which is located in each
sub-pixel and includes a first gate electrode 110, a first active
layer 130 formed of polysilicon, a first source electrode 142
and a first drain electrode 143 connected to the opposite side
of a first channel 130q of the first active layer 130, and a first
gate insulating laver 115 between the first active layer 130
and the first gate electrode 110, and the switching thin-film
transistor S-Tr, which is located in each sub-pixel and
connected to the driving thin-film transistor D-Tr and
includes a second gate electrode 120, a second active layer
135 formed of polysilicon, a second source electrode 141
and a second drain electrode 146 connected to opposite sides
of a second channel 135a of the second active layer 135, and
a second gate insulating layer 125 between the second active
layer 135 and the second gate electrode 120. In some cases,
a separate electrode may be formed on a back-channel
portion of the driving thin-film transistor D-Tr using the
process of forming the second gate electrode.

[0071] In addition, in the backplane substrate according to
the first aspect of the present disclosure, the first active layer
130 and the second active layer 135 are located in the same
layer, and a first distance H1 between the first gate electrode
110 and the first active layer 130 is longer than a second
distance H2 between the second gate electrode 120 and the
second active layer 135.

[0072] The first distance H1 corresponds to the thickness
of the first gate insulating layer 115, and the second distance
H2 corresponds to the thickness of the second gate insulat-
ing layer 125. Thus, the first gate insulating layer 115 is
thicker than the second gate insulating layer 125. The first
and second gate insulating layers 115 and 125 may be
formed of inorganic materials such as, SiO,, SiN,, SiO N,
and HfO,. When the inorganic materials of the first and
second gate insulating layers 115 and 125 have the same or
similar dielectric constant, as described above, the first and
second gate insulating layers 115 and 125 may have a
difference in thickness. In some cases, when the materials of
the first and second gate insulating layers 115 and 125 have
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different dielectric constants, in consideration of the capac-
ity Ci that is determined by the dielectric constant and the
thickness, the thicknesses of the first and second gate
insulating layers 115 and 125 may be changed so that the
first gate insulating layer 115 has a smaller capacity than the
second gate insulating layer 125. Although the upper sur-
faces of the first and second gate insulating layers 115 and
125 are illustrated as being flat in the drawings, the disclo-
sure is not limited thereto, and the upper surfaces may be
formed in consideration of the difference in distance
between the first gate electrode 110 and the first and second
active layers 130 and 135 located thereunder.

[0073] Here, the first gate electrode 110 and the first gate
insulating layer 115 are located below the first active layer
130 and the second active layer 135, which are located in the
same layer, and the second gate electrode 120 and the second
gate insulating layer 125 are located above the first active
layer 130 and the second active layer 135.

[0074] In the backplane substrate according to the first
aspect of the present disclosure, the driving thin-film tran-
sistor, which is directly connected to the organic light-
emitting diode so as to control current, has a stack structure
in which the first thickness of the first gate insulating layer
115 (the distance H1 between the first gate electrode and the
first active layer) is large to achieve an S-factor of 0.2 V/dec
or more. Thereby, the AV, exceeds at least 1V, and prefer-
ably, becomes 1.5V or more, which enables the realization
of sufficient gradation within a wide AV, range. In this case,
in the switching thin-film transistor and any additional
thin-film transistor, unlike the driving thin-film transistor,
the second gate electrode 120 is located above the second
active layer 135, and thus the second gate insulating layer
125 between the second active layer 135 and the second gate
electrode 120 is in a different location, whereby the stack
structure of the driving thin-film transistor is differentiated
from the stack structure of the other thin-film transistors. At
this time, the S-factor of the switching thin-film transistor is
below 0.2 V/dec, and the AV is below 1V. A lower AV is
advantageous for high-speed driving.

[0075] Accordingly, in the backplane substrate according
to the first aspect of the present disclosure, with respect to
the switching thin-film transistor and other thin-film tran-
sistors, the required thickness of the second gate insulating
layer 125 can be reduced so as to attain a lower S-factor than
that in the driving thin-film transistor and to maintain the
high mobility and high response time thereof.

[0076] In particular, the present disclosure addresses the
issue whereby gradation is limited in a structure having a
high resolution of 1500 ppi when all thin-film transistors
provided in a reduced area of the sub-pixel have the same
stack structure and thus exhibit a small S-factor together, as
illustrated in FIG. 4A. To solve this problem, as illustrated
in FIG. 4B, the vertical structure of the driving thin-film
transistor, which has a direct effect on gradation, is selec-
tively changed so that the S-factor and the AV, thereof are
increased to enable high gradation. In addition, as one
example of changing the vertical structure, in the backplane
substrate of the present disclosure, the driving thin-film
transistor has a bottom-gate-electrode structure, whereas the
switching thin-film transistor and other thin-film transistors
have a top-gate-electrode structure. In the backplane sub-
strate of the present disclosure, the switching thin-film
transistor and other thin-film transistors have a small S-fac-
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tor and a small AV in order to maintain the high response
time thereof, as illustrated in FIG. 4A.

[0077] The thin-film transistors formed in the backplane
substrate of the present disclosure include the first and
second active layers 130 and 135 located in the same layer,
which are formed when amorphous silicon is deposited and
crystallized to polysilicon, and advantageously have higher
mobility than amorphous silicon.

[0078] Meanwhile, in a cooling process after crystalliza-
tion using a laser, in order to prevent short-circuiting of the
first active layer 130 caused by mass-flow or condensation
of a crystalline substance in the first active layer 130 above
the first gate electrode 110, the first gate electrode 110 is
deposited to a sufficiently smaller thickness within a range
from 500 A to 2000 A than that of the second gate electrode
120. That is, when the first gate electrode 110 is sufficiently
thin and the first gate insulation layer 115 is thick, short-
circuiting of the first active layer 130 at the edges of the first
gate electrode 110 may be prevented. In order to more
effectively prevent short-circuiting of the first active layer
130, opposite edges of the first gate electrode 110 may have
a gentle slope of 45 degrees or less, which may minimize the
difference in distance depending on the presence or absence
of a gate electrode component near the region at which the
first active layer overlaps opposite edges of the first gate
electrode.

[0079] The first active layer 130 includes the first channel
130a corresponding to the top of the first gate electrode 110,
LDD areas 1305 at opposite sides of the first channel 130q,
and high-density dopant areas 130c¢ outwardly in contact
with the respective LDD areas 1304. In addition, the high-
density dopant areas 130c located at opposite sides of the
first channel 130a are connected to the first source electrode
142 and the first drain electrode 143.

[0080] Similar to the first active layer 130, the second
active layer 135 includes the second channel 1354 corre-
sponding to the bottom of the second gate electrode 120,
LDD areas 13556 at opposite sides of the second channel
130a, and high-density dopant areas 135¢ outwardly in
contact with the respective LDD areas 1355. In addition, the
high-density dopant areas 135¢ located at opposite sides of
the first channel 1354 are connected to the second source
electrode 141 and the second drain electrode 146.

[0081] Although FIG. 5 illustrates the first and second
source electrodes 142 and 141 and the first and second drain
electrodes 143 and 146 as being located in the same layer,
the disclosure is not limited thereto, and the source and drain
electrodes may be located in different layers for the driving
thin-film transistor D-Tr, the switching thin-film transistor,
or any other thin-film transistor.

[0082] Meanwhile, in FIG. 5, reference numeral 140
denotes a first interlayer insulating layer. This layer is
located between the second gate electrode 120 and the first
and second source electrodes 142 and 141 and the first and
second drain electrodes 143 and 146, and serves to prevent
metal-to-metal short-circuiting at the intersections of metals
of the respective layers. The interlayer insulating layer may
include a silicon nitride SiN,. and may be used as a hydrogen
supply source during laser crystallization.

[0083] In the backplane substrate according to the first
aspect of the present disclosure, only the first gate insulating
layer 115 in the driving thin-film transistor D-Tr is thick to
achieve a large S-factor, and the other thin-film transistors
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excluding the driving thin-film transistor D-Tr have the same
stack structure so that the second gate insulating layer 125
thereof is thin.

[0084] Meanwhile, the first and second gate electrodes 110
and 120, the first and second source electrodes 142 and 141,
and the first and second drain electrodes 143 and 146 may
be formed in a single layer or multiple layers using molyb-
denum, copper, tungsten, aluminum, or an alloy thereof.
[0085] FIG. 6 is a cross-sectional view illustrating a modi-
fication of the first aspect of the present disclosure.

[0086] As illustrated in FIGS. 6 and 2, a first gate electrode
210 of the driving thin-film transistor may extend to one side
so as to be connected to an extension of a second source
electrode 241 of the switching thin-film transistor. In this
case, the extension of the second source electrode 241
penetrates the first interlayer insulating layer 140, the second
gate insulating layer 125 and the first gate insulating layer
115 and is connected to the first gate electrode 210 located
thereunder.

[0087] Here, the second source electrode 241 may take the
form of a single vertical portion, which is formed so as to
penetrate a second active layer 235 and extend to the top of
the first gate electrode 210, using a mask that is different
from that for a first source electrode 242 and first and second
drain electrodes 243 and 246. In this case, the vertical
portion forming the second source electrode penetrates the
second active layer 135 and is connected at the side surface
thereof to the second active layer 135.

[0088] FIG. 7 is a cross-sectional view illustrating an
expanded example of the first aspect of the present disclo-
sure.

[0089] As illustrated in FIGS. 2 and 7, when the sensing
thin-film transistor Ref-Tr is further provided in addition to
the driving thin-film transistor D-Tr and the switching
thin-film transistor SW-Tr, the sensing thin-film transistor
Ref-Tr may have the same stack structure as the switching
thin-film transistor Sw-Tr, and may include a third gate
electrode 260, a third source electrode 261, and a third drain
electrode 266, which are located respectively in the same
layer as the second gate electrode 120 or 220 and the same
layer as the second source electrode 141 or 241 and the
second drain electrode 146 or 246 of FIG. 5 or FIG. 6.

[0090] In addition, when the sensing thin-film transistor
Ref-Tr is provided along with the driving thin-film transistor
D-Tr and the switching thin-film transistor SW-Tr in the
sub-pixel, the sensing thin-film transistor Ref-Tr may share
the second active layer 235 of the switching thin-film
transistor Sw-Tr or the first active layer 230 of the driving
thin-film transistor D-Tr.

[0091] In some cases, the circuit thin-film transistor of a
circuit portion, which is located in the peripheral region of
FIG. 1, may have the same structure as the switching
thin-film transistor SW-Tr and/or the sensing thin-film tran-
sistor Ref-Tr. In this case, the reason why the circuit
thin-film transistor of the circuit portion has the same
structure as the switching thin-film transistor is to attain a
high response time based on the rapid turn-on of the switch-
ing thin-film transistor, as illustrated in FIG. 4A.

[0092] The first source electrode 242 of the driving thin-
film transistor D-Tr of FIG. 7 may be integrally formed with
the third source electrode 261 of the sensing thin-film
transistor Ref-Tr so as to be connected thereto (see the
second node B of FIG. 2). In this case, the two thin-film
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transistors in the sub-pixel share the source electrodes 242
and 261, which may reduce the area occupied by elements
in the sub-pixel.

[0093] In addition, the first source electrode 242 may
extend to one side so as to be connected to the first active
layer 230 and may further include a connection portion,
which is vertically located to the underside of the first gate
electrode 210 so as to be connected to a first storage
electrode 150.

[0094] Meanwhile, reference numeral 113 denotes a sec-
ond interlayer insulating layer, which is provided to electri-
cally separate the first gate electrode 210 and the first storage
electrode 150 from each other.

[0095] Referring to FIGS. 2 and 7, in order to increase the
area of the storage capacitor C, the first storage electrode
150 may be connected to the same node (see the second node
B of FIG. 2) as the first source electrode 242 and may be
located below the first gate electrode 210 so as to overlap the
first gate electrode 210. In this case, the first gate electrode
210 functions as a second storage electrode (see the second
node B of FIG. 2), and the storage capacitor is defined in the
region in which the first storage electrode 150 and the first
gate electrode 210 overlap each other.

[0096] Although FIG. 7 illustrates an example in which
the first storage electrode 150 is provided below the first gate
electrode 210, the disclosure is not limited thereto, and the
first storage electrode 150 may be provided in a different
layer location so as to be connected to the first source
electrode 242.

[0097] Although the above-described first aspect of the
present disclosure describes an example in which two tran-
sistors or three transistors are provided in the sub-pixel, the
disclosure is not limited thereto, and four or more transistors
may be provided. That is, in the backplane substrate and the
organic light-emitting display device of the present disclo-
sure, among the thin-film transistors provided in the sub-
pixel, the driving thin-film transistor, which is directly
connected to the organic light-emitting diode, may include a
thick gate insulating layer to attain a large S-factor for
realizing sufficient gradation, and the other thin-film tran-
sistors (the switching thin-film transistor, the sensing thin-
film transistor, and the circuit thin-film transistor) may have
a thin gate insulating layer to maintain the high response
time thereof.

[0098] Meanwhile, a method of manufacturing the back-
plane substrate according to the first aspect of the present
disclosure will be described below with reference to FIGS.
1 and 2 and FIGS. 5to 7.

[0099] First, the substrate 100 in which a plurality of
sub-pixels SP is provided and each sub-pixel SP includes a
first area (D-Tr area) and a second area (Sw-Tr area, which
are partitions from each other, is prepared.

[0100] Subsequently, the first gate electrode 110 or 210 is
provided by selectively removing a material, which is
formed in a single layer or multiple layers using molybde-
num, copper, tungsten, aluminum, or an alloy thereof, from
the first area (D-Tr area) of each sub-pixel SP.

[0101] Subsequently, the first gate insulating layer 115 is
provided by depositing an inorganic material such as SiO,,
SiN,, SiO.N, and HfO,, to the first thickness H1 so as to
cover the first gate electrode 110 or 210.

[0102] Subsequently, the first active layer 130 and the
second active layer 135, which are formed of polysilicon,
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are provided on the first gate insulating layer 115 in the first
area (D-Tr area) and the second area (Sw-Tr area), respec-
tively.

[0103] Specifically, the first and second active layers 130
and 135 are provided by depositing an amorphous silicon
layer on the entire surface of the first gate insulating layer
115, crystallizing the amorphous silicon layer to a polysili-
con layer, and selectively removing the polysilicon layer so
as to leave the first active layer and the second active layer
in the first area and the second area.

[0104] Then, the LDD areas 1305 and 1356 and the
high-density dopant areas 130c and 135¢ may be defined by
selectively doping the first and second active layers 130 and
135 with a dopant using a mask. In this process, the intrinsic
areas between the LDD areas 1305 and between the LDD
areas 1355 are respectively defined as the first channel 130a
and the second channel 135a.

[0105] Subsequently. the second gate insulating layer 125
is formed using an inorganic material such as SiO,, SiN_,
SiO,N,, and HfO,, to the second thickness H2, which is
smaller than the first thickness H1, so as to cover the first and
second active layers 130 and 135. In some cases, the dopant
areas 1305, 130c, 13556 and 135¢ of the first and second
active layers 130 and 135 may be defined after the second
gate insulating layer 125 is formed.

[0106] Subsequently. the second gate electrode 120 is
provided on the second gate insulating layer 125 so as to
correspond to the top of the second active layer 135 by
selectively removing a material, which is formed in a single
layer or multiple layers using molybdenum, copper, tung-
sten, aluminum, or an alloy thereof. The second gate elec-
trode 120 may be integrated with the scan line SL.

[0107] Subsequently, the first interlayer insulating layer
140 is provided to cover the scan line SL and the second gate
electrode 120. Then, the first interlayer insulating layer 140
and the second gate insulating layer 125 are selectively
removed so as to expose a portion of the high-density dopant
areas 130c and 135¢ of the first and second active layers 130
and 135.

[0108] Subsequently, the first source electrode 142 or 242
and the first drain electrode 143 or 243, which are connected
to the high-density dopant areas 130c at opposite sides of the
first channel 130a of the first active layer 130, and the
second source electrode 141 or 241 and the second drain
electrode 146 or 246, which are connected to opposite sides
of the second active layer 135, are provided by depositing a
material, which is formed in a single layer or multiple layers
using molybdenum, copper, tungsten, aluminum, or an alloy
thereof and selectively removing the deposited material.

SECOND EXAMPLE

[0109] Hereinafter, a backplane substrate according to a
second aspect of the present disclosure will be described.
[0110] FIG. 8 is a schematic cross-sectional view illus-
trating a backplane substrate according to a second aspect of
the present disclosure.

[0111] As illustrated in FIG. 8, compared to the structure
of the first aspect described above, the backplane substrate
according to the second aspect of the present disclosure is
distinguished in that a first gate electrode 310 and a first gate
insulating layer 315 of the driving thin-film transistor are
located above the first and second active layers 130 and 135
and a second gate electrode 320 and a second gate insulating
layer 325 of the switching thin-film transistor (and/or the
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sensing thin-film transistor) are located below the first and
second active layers 130 and 135, and at this time, the first
gate insulating layer 315 located above the first and second
active layers 130 and 135 is thicker than the second gate
insulating layer 325 located below the first and second active
layers 130 and 135, and the other configurations can be the
same as the features shown in FIG. 5 as described above.

[0112] Even in this configuration, for the same purpose as
in the above-described first aspect, only the driving thin-film
transistor D-Tr includes a thick gate insulating layer to attain
a large S-factor for realizing sufficient gradation and the
other thin-film transistors excluding the driving thin-film
transistor have the same configuration and include a thin
gate insulating layer to maintain a predetermined response
speed required for circuit operation in the sub-pixel.

[0113] Meanwhile, even in the backplane substrate
according to the second aspect of the present disclosure, in
a cooling process after crystallization using a laser, in order
to prevent short-circuit in the second active layer 135 caused
by mass-flow or condensation of a crystalline substance in
the second active layer 135 above the second gate electrode
320, the second gate electrode 320 is deposited to a suffi-
ciently smaller thickness within a range from 500 A to 2000
A than that of the first gate electrode 310. In this case, since
the second gate electrode 320 located below the second
active layer 135 is thin enough, the effect of the difference
in distance between the second active layer 135 and an
electrode material thereunder 1s less, even if the second gate
insulating layer 325 is thinner than a certain level, which
may prevent short-circuit at the edges of the second gate
electrode 320. In order to more effectively prevent short-
circuit in the second active layer 135, the opposite edges of
the second gate electrode may have a gentle slope of 45
degrees or less, which may minimize the difference in
distance depending on the presence or absence of a gate
electrode component near the region at which the second
active layer overlaps opposite edges of the second gate
electrode.

[0114] Hereinafier, an organic light-emitting display
device using the above-described backplane substrate will
be described.

[0115] FIG. 9 is a cross-sectional view illustrating one
form of an organic light-emitting display device using the
backplane substrate according to the first aspect of the
present disclosure.

[0116] As illustrated in FIG. 9, in addition to the above-
described backplane substrate, the organic light-emitting
display device using the backplane substrate according to
the first aspect of the present disclosure further includes a
storage capacitor C,, between the first gate electrode 110 and
the first source electrode 242, and an organic light-emitting
diode (OLED), which includes an anode electrode 212
connected to the first source electrode 242, a cathode elec-
trode 240 opposite the anode electrode 212, and an organic
layer 232 including an organic light-emitting layer located
between the anode electrode and the cathode electrode.

[0117] Although not illustrated, referring to FIG. 7, in
order to increase the area of the storage capacitor C,,, the
organic light-emitting display device may further include the
first storage electrode 150, which is connected to the same
node as the first source electrode 242 and is located below
the first gate electrode 210 so as to overlap the first gate
electrode 110.
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[0118] 1In this case, the first gate electrode 110 may func-
tion as a second storage electrode and may form a storage
capacitor at the region in which it overlaps the first storage
electrode 150.

[0119] Inaddition, a bank 220 may be selectively provided
on the anode electrode 212 to define a light-emitting portion.
[0120] Here, a reference numeral 198 denotes a protective
layer, which functions as protecting TFTs of the backplane
substrate thereunder.

[0121] In addition, the organic light-emitting display
device may further include a barrier layer or a barrier stack
(not illustrated), which covers the top of the organic light-
emitting diode (OLED) in order to prevent introduction of
outside moisture or outside air. The barrier stack may be a
stack of an organic layer and an inorganic layer.

[0122] Meanwhile, the configuration of the backplane
substrate may be replaced with that of the second aspect, and
the organic light-emitting display device having the above-
described configuration is configured such that, among all
thin-film transistors provided in each sub-pixel, only the
driving thin-film transistor D-Tr includes a thick gate insu-
lating layer to attain a large S-factor for realizing sufficient
gradation and the other thin-film transistors excluding the
driving thin-film transistor have the same configuration and
include a thin gate insulating layer to maintain a predeter-
mined response speed required for circuit operation in the
sub-pixel.

[0123] In addition, in the backplane substrate and the
organic light-emitting display device of the present disclo-
sure, since the driving thin-film transistor has a bottom-gate-
electrode structure and the other thin-film transistors have a
top-gate-electrode structure on the basis of the active layer
so that the gate electrodes thereof are located in different
layers, the distance between the two gate electrodes in a
plane may be reduced, or the two gate electrodes may
overlap each other without requiring consideration of a
process margin, which enables a reduction in the size of
pixels and is advantageous from the aspect of decreasing the
size of a display device.

[0124] The backplane substrate and the organic light-
emitting display device using the same of the present
disclosure are implemented in consideration of the following
description.

[0125] That is, considering the planar structure of a small
display device, the higher the resolution thereof, the size of
respective sub-pixels thereof as well as the light-emitting
area thereof are reduced, and thus a required drain current
range is reduced and a time taken to saturate the current is
reduced. As such, although the response time of each
element is increased, the S-factor of the element is reduced,
which results in a limitation on gradation. Therefore, it is
proposed to change the vertical cross-sectional structure of
the element. However, although it is necessary to increase
the S-factor of the driving thin-film transistor in the sub-
pixel, which has a direct effect on gradation, changing all
elements (thin-film transistors) provided in the sub-pixel are
changed to have the same shape may cause deterioration in
the characteristics of the entire sub-pixel and may be very
disadvantageous in terms of securing, for example, the
characteristics of a switching thin-film transistor. Therefore,
in order to increase the S-factor of the driving thin-film
transistor, which may have a direct effect on the current
value, so that the AV, becomes 1 V or more, only the
driving thin-film transistor D-Tr includes a thick first gate
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insulating layer and the other thin-film transistors include a
thin second gate insulating layer to maintain a predeter-
mined response speed thereof for high resolution.

[0126] In addition, in the present disclosure, the driving
thin-film transistor has a different gate electrode position and
a different gate insulating layer thickness from those of the
other thin-film transistors so as to exhibit characteristics
different from those of the other thin-film transistors.
Thereby, even in a super-high-resolution structure, by
adjusting the S-factor of only the driving thin-film transistor,
it is possible to realize sufficient gradation while maintaining
sufficient circuit characteristics in required regions. In this
way, it is possible to realize a super-high-resolution organic
light-emitting display device having excellent circuit char-
acteristics and sufficient gradation.

[0127] Although most of the current polysilicon-type thin-
film transistors are manufactured in a top-gate-electrode
structure, a degree of freedom in designing a backplane
substrate for a mobile display may be increased via the
development of various polysilicon-type thin-film transis-
tors having a bottom-gate-electrode structure.

[0128] In addition, the above-described backplane sub-
strate may also be applied to the development of other
displays that require various gradations.

[0129] As is apparent from the above description, a back-
plane substrate and an organic light-emitting display device
using the same have the following effects.

[0130] In the backplane substrate and the organic light-
emitting display device of the present disclosure, sufficient
gradation may be realized by increasing the S-factor of a
driving thin-film transistor that has a direct effect on grada-
tion.

[0131] In addition, other thin-film transistors such as, for
example, a switching thin-film transistor, may have a dif-
ferent stack structure from the driving thin-film transistor so
as to exhibit the sufficient mobility and high response time
thereof. Thereby, in a high-resolution or super-high-resolu-
tion structure, both sufficient gradation and high-perfor-
mance circuit operations may be achieved.

[0132] Although the aspects of the present disclosure have
been described above in detail with reference to the accom-
panying drawings, it will be apparent to those skilled in the
art that the present disclosure described above is not limited
to the aspects described above, and various substitutions,
modifications, and alterations may be devised within the
spirit and scope of the present disclosure. Accordingly,
various aspects disclosed in the present disclosure are not
intended to limit the technical sprit of the present disclosure,
and the scope of the technical sprit of the present disclosure
should be interpreted based on the following claims, and all
technical ideas that fall within the range equivalent to the
claims should be understood as belonging to the scope of the
present disclosure.

What is claimed is:

1. A backplane substrate of a display device, comprising:
a substrate having an active area and a peripheral area
where the active area has a plurality of sub-pixels;

a driving thin-film transistor located in each sub-pixel and
including a first gate electrode, a first active layer, a first
source electrode and a first drain electrode connected to
opposite sides of a first channel of the first active layer,
and a first gate insulating layer between the first active
layer and the first gate electrode;
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a switching thin-film transistor located at each sub-pixel,
connected to the driving thin-film transistor, and
including a second gate electrode, a second active layer,
a second source electrode and a second drain electrode
connected to opposite sides of a second channel of the
second active layer, and a second gate insulating layer
between the second active layer and the second gate
electrode, and

a first extension and a second extension protruded from
the second source electrode,

wherein the first active layer and the second active layer
are located in the same layer and directly in contact
with the first gate insulating layer and the second gate
insulating layer, respectively,

wherein the first gate electrode of the driving thin-film
transistor and the second gate electrode of the switch-
ing thin-film transistor are located in different layers
with respect to the first and second active layers in the
same layer at each sub-pixel,

wherein a first distance between the first gate electrode
and the first active layer is greater than a second
distance between the second gate electrode and the
second active layer, and

wherein the first extension connects the second source
electrode to one side of the second channel of the
second active layer and the second extension connects
the second source electrode to the first gate electrode.

2. The backplane substrate according to claim 1, wherein
the first gate insulating layer is thicker than the second gate
insulating layer.

3. The backplane substrate according to claim 1, wherein
the first gate electrode and the first gate insulating layer are
located below the first active layer and the second active
layer, and

wherein the second gate electrode and the second gate

insulating layer are located above the first active layer
and the second active layer.

4. The backplane substrate according to claim 1, wherein
the first active layer and the second active layer are spaced
each other in the same layer.

5. The backplane substrate according to claim 1, wherein
each of the first active layer and the second active layer
includes a polysilicon active layer.

6. The backplane substrate according to claim 1, wherein
each of the first active layer and the second active layer are
crystalized.

7. The backplane substrate according to claim 1, wherein
the first gate electrode has a thickness in a range of 500 A
to 2000 A.

8. The backplane substrate according to claim 1, further
comprising a buffer thin-film transistor including a third gate
electrode, a third source electrode and a third drain elec-
trode, which are located respectively in the same layers as
the second gate electrode, the second source electrode and
the second drain electrode.

9. The backplane substrate according to claim 8, wherein
the first source electrode is connected to the third source
electrode.

10. The backplane substrate according to claim 1, wherein

the first gate electrode is thinner than the second gate
electrode.



US 2020/0119119 Al

11. The backplane substrate according to claim 1, wherein
the second gate electrode and the second gate insulating
layer are located below the first active layer and the second
active layer, and

wherein the first gate electrode and the first gate insulating

layer are located above the first active layer and the
second active layer.

12. The backplane substrate according to claim 1, further
comprising a circuit thin-film transistor in the peripheral
area having the same structure as the switching thin-film
transistor.

13. The backplane substrate according to claim 1, wherein
the driving thin-film transistor has an S-factor of 0.2 V/dec
or more, and the switching thin-film transistor has an S-fac-
tor less than 0.2 V/dec,

wherein the S-factor (S) is defined by:

5= 2.3/‘—T[1 y (Cat C”)]
q G

where C, is a capacity of a gate insulating layer of each
transistor, C, is a capacity of a depletion area of each
transistor, Cit is a captured density of a gap in the gate
insulating layer of each transistor and kT/q is a thermal
voltage of the display device.

14. An organic light-emitting display device comprising:

a substrate having a plurality of sub-pixels;

adriving thin-film transistor located in each sub-pixel and
including a first gate electrode, a first active layer, a first
source electrode and a first drain electrode connected to
opposite sides of a first channel of the first active layer,
and a first gate insulating layer between the first active
layer and the first gate electrode;

a switching thin-film transistor located at each sub-pixel,
connected to the driving thin-film transistor, and
including a second gate electrode, a second active layer,
a second source electrode and a second drain electrode
connected to opposite sides of a second channel of the
second active layer, and a second gate insulating layer
between the second active layer and the second gate
electrode;

a first extension and a second extension protruded from
the second source electrode; and

an organic light-emitting diode including an anode con-
nected to the first source electrode, a cathode opposite
the anode, and an organic layer including an organic
light-emitting layer located between the anode and the
cathode,
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wherein the first active layer and the second active layer
are located at the same layer and directly in contact
with the first gate insulating layer and the second gate
insulating layer, respectively,

wherein the first gate electrode of the driving thin-film

transistor and the second gate electrode of the switch-
ing thin-film transistor are located in different layers
with respect to the first and second active layers in the
same layer at each sub-pixel, and

wherein the first extension connects the second source

electrode to one side of the second channel of the
second active layer and the second extension connects
the second source electrode to the first gate electrode.

15. The organic light-emitting display device according to
claim 14, further comprising a storage capacitor between the
first gate electrode and the first source electrode.

16. The organic light-emitting display device according to
claim 14, wherein the first gate insulating layer is thicker
than the second gate insulating layer.

17. The organic light-emitting display device according to
claim 14, wherein the first gate electrode and the first gate
insulating layer are located below the first active layer and
the second active layer, and wherein the second gate elec-
trode and the second gate insulating layer are located above
the first active layer and the second active layer.

18. The organic light-emitting display device according to
claim 14, wherein the driving thin-film transistor has an
S-factor of 0.2 V/dec or more, and the switching thin-film
transistor has an S-factor less than 0.2 V/dec,

wherein the S-factor (S) is defined by:

KTT. (Cy+Ci
3:2.3—[1 NG ”)]
q Ci

where C, is a capacity of a gate insulating layer of each
transistor, C, is a capacity of a depletion area of each
transistor, Cit is a captured density of a gap in the gate
insulating layer of each transistor and kT/q is a thermal
voltage of the display device.

19. The organic light-emitting display device according to
claim 14, wherein the first active layer and the second active
layer are spaced each other in the same layer.

20. The organic light-emitting display device according to
claim 14, wherein the first gate electrode is thinner than the
second gate electrode.
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