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(57) ABSTRACT

A driving thin-film transistor can include a substrate; a first

active layer disposed on the substrate and including a first

protruding portion; a second active layer overlapping with

the first active layer and including a second protruding

portion; a gate electrode disposed between the first active
layer and the second active layer; a source electrode con-
nected to the first protruding portion of the first active layer;
and a drain electrode connected to the second protruding
portion of the second active layer, in which the first pro-
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Dec. 30,2016 (KR) .ooeevccriecnnee 10-2016-0184398 different positions.
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DRIVING THIN-FILM TRANSISTOR AND
ORGANIC LIGHT-EMITTING DISPLAY
DEVICE USING THE SAME

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2016-0184398, filed in the Republic
of Korea on Dec. 30, 2016, which is hereby incorporated by
reference as if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a driving thin-film
transistor, and more particularly, to a stack-type driving
thin-film transistor, which is advantageous for super-high
resolution and secures device stability, and an organic light-
emitting display device using the same.

Discussion of the Related Art

[0003] With the development of various portable elec-
tronic apparatuses, 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, low
power consumption, high image quality, ease of realization
of a large screen, and flexibility thereof.

[0005] In addition, such a flat panel display device
includes a plurality of pixels in a matrix, and one or more
thin-film transistors (TFTs) capable of individually control-
ling each pixel are provided in the pixel. In addition, 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 high resolution
within a limited size, the size of individual sub-pixels is
gradually being reduced. In addition, in an organic light-
emitting display device in which a light-emitting element is
provided in each sub-pixel, at least two thin-film transistors
and one capacitor (2T1C) should to be provided in the
sub-pixel having a reduced size in order to allow the
individual sub-pixels to be selectively driven for gradation,
and in this situation, the respective thin-film transistors have
the same structure. However, although element characteris-
tics such as, for example, mobility of the respective thin-film
transistors, are improved when the area of each sub-pixel is
small, a driving thin-film transistor may undergo the satu-
ration of current within a short time when a gate voltage is
applied thereto, which makes it difficult to realize various
and sufficient gradation.

[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 situation, when the driving thin-film tran-
sistor has the same stack structure as the other thin-film
transistors, the speed of response of the thin-film transistors
is fast, but sufficient gradation is difficult because the linear
section of the 1,,-V s, graph is excessively short. In addition,
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since a thin-film transistor having a general single gate
structure exhibits a worsened kink effect, which causes
increased I, after saturation, the thin-film transistor has
difficulty in securing reliability as a driving thin-film tran-
sistor that directly supplies current to an organic light-
emitting diode.

SUMMARY OF THE INVENTION

[0008] Accordingly, the present invention is directed to a
driving thin-film transistor 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] An object of the present invention is to provide a
stack-type driving thin-film transistor, which is advanta-
geous for super-high resolution and sufficient gradation in a
smaller pixel and secures reliability in the driving of an
organic light-emitting diode, and an organic light-emitting
display device using the same.

[0010] Additional advantages, objects, and features of the
invention 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 invention. The
objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0011] A driving thin-film transistor and an organic light-
emitting display device using the same according to the
present invention include a stack-type active layer, thereby
reducing a kink effect and enabling sufficient gradation and
high resolution by increasing a channel length without
increasing an area in plan.

[0012] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, a driving thin-film tran-
sistor includes a first active layer and a second active layer
provided in different layers over a substrate to overlap each
other, the first active layer and the second active layer
respectively having protruding portions at different posi-
tions, a gate electrode located between the first and second
active layers, a source electrode connected to the protruding
portion of the first active layer, and a drain electrode
connected to the protruding portion of the second active
layer.

[0013] In addition, the driving thin-film transistor may
further include a connection electrode provided in a region
in which the first active layer and the second active layer
overlap each other and configured to penetrate the first and
second active layers to be laterally connected to the first and
second active layers.

[0014] In addition, the connection electrode may be lat-
erally connected to a doped area of each of the first and
second active layers.

[0015] In addition, the driving thin-film transistor may
further include a first gate insulation layer between the first
active layer and the gate electrode, and a second gate
insulation layer between the gate electrode and the second
active layer.

[0016] The gate electrode may not overlap the protruding
portions of the first and second active layers.

[0017] The gate electrode may overlap the first active
layer and the second active layer at different regions.
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[0018] The gate electrode may have an area overlapping
the first active layer, which is different in size from an area
overlapping the second active layer.

[0019] In addition, the protruding portions of the first and
second active layers may be doped areas.

[0020] In addition, the first active layer and the second
active layer may include a first channel and a second
channel, respectively, and electrons moving from the source
electrode to the drain electrode may pass through the first
channel, the connection electrode and the second channel.
[0021] In accordance with another aspect of the present
invention, an organic light-emitting display device includes
a substrate having a plurality of sub-pixels, a driving thin-
film transistor provided in each sub-pixel and including a
first active layer and a second active layer provided in
different layers over a substrate to overlap each other, the
first active layer and the second active layer respectively
having protruding portions at different positions, a first gate
electrode located between the first and second active layers,
a first source electrode connected to the protruding portion
of the first active layer, and a first drain electrode connected
to the protruding portion of the second active layer, a
switching thin-film transistor connected to the driving thin-
film transistor in each sub-pixel and including a second gate
electrode in the same layer as the first gate electrode, a
second source electrode and a second drain electrode in the
same layer as the first source electrode and the first drain
electrode, and a third active layer located in the same layer
as any one of the first active layer and the second active
layer, and an organic light-emitting diode connected to the
first source electrode or the first drain electrode.

[0022] It is to be understood that both the foregoing
general description and the following detailed description of
the present invention are explanatory and are intended to
provide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0024] FIG. 1 is a cross-sectional view illustrating a driv-
ing thin-film transistor according to an embodiment of the
present invention;

[0025] FIG. 2 is a plan view illustrating a driving thin-film
transistor according to an embodiment of the present inven-
tion;

[0026] FIG. 3A is a plan view illustrating a first active
layer of FIG. 2;

[0027] FIG. 3B is a plan view illustrating a second active
layer of FIG. 2;

[0028] FIG. 4 is a cross-sectional view taken along line I-I'
of FIG. 2;

[0029] FIG. 5 is a cross-sectional view taken along line
[-IT' of FIG. 2;

[0030] FIG. 6 is a plan view illustrating a driving thin-film
transistor according to an embodiment of the present inven-
tion;

[0031] FIG. 7A is a plan view illustrating a first active
layer of FIG. 6,

[0032] FIG. 7B is a plan view illustrating a second active
layer of FIG. 6,
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[0033] FIG. 8 is a cross-sectional view taken along line of
FIG. 6;
[0034] FIG. 9 is a cross-sectional view taken along line

IV-IV' of FIG. 6;

[0035] FIG. 10 is a graph illustrating 1, -V, characteris-
tics when the thin-film transistors respectively include a
single gate, symmetrical dual gates and asymmetrical dual
gates;

[0036] FIGS. 11A and 11B are graphs illustrating I,,-V .,
characteristics when thin-film transistors respectively
include a single gate and asymmetrical dual gates, which
have the same channel length;

[0037] FIGS. 12A and 12B are graphs illustrating [,-Vp,
characteristics when thin-film transistors respectively
include a single gate and asymmetrical dual gates, which
have the same channel length;

[0038] FIG. 13 is a cross-sectional view illustrating a
switching thin-film transistor and a driving thin-film tran-
sistor used in an organic light-emitting display device
according to an embodiment of the present invention; and
[0039] FIG. 14 is an equivalent circuit diagram of one
sub-pixel in the organic light-emitting display device
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0040] The advantages and features of the present inven-
tion and the way of attaining them will become apparent
with reference to embodiments described below in detail in
conjunction with the accompanying drawings. The present
invention, however, is not limited to the embodiments
disclosed hereinafter and may be embodied in many differ-
ent forms. Rather, these example embodiments 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 invention should be defined by the claims.
[0041] In the drawings for explaining the exemplary
embodiments of the present invention, 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 invention. Throughout the present specifica-
tion, the same reference numerals designate the same con-
stituent elements. In addition, in the following description of
the present invention, a detailed description of known func-
tions and configurations incorporated herein will be omitted
when it may make the subject matter of the present invention
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.

[0042] In the interpretation of constituent elements
included in the various embodiments of the present inven-
tion, the constituent elements are interpreted as including an
error range even if there is no explicit description thereof.
[0043] In the description of the various embodiments of
the present invention, when describing positional relation-
ships, 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.
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[0044] 1In the description of the various embodiments of
the present invention, when describing temporal relation-
ships, 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.
[0045] In the description of the various embodiments of
the present invention, although terms such as, for example,
“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 invention unless otherwise
mentioned.

[0046] The respective features of the various embodi-
ments of the present invention may be partially or wholly
coupled to and combined with each other, and various
technical linkages and driving thereof are possible. These
various embodiments may be performed independently of
each other, or may be performed in association with each
other.

[0047] FIG. 1 is a cross-sectional view illustrating a driv-
ing thin-film transistor according to an embodiment of the
present invention.

[0048] As illustrated in FIG. 1, the driving thin-film tran-
sistor of the present invention includes a first active layer
110 and a second active layer 150, which are disposed on
different layers over a substrate 100 to overlap each other
and respectively have protruding portions at different posi-
tions (in the cross-sectional view, the protruding portions
would be located to penetrate the sheet of FIG. 1 in regions
designated by S and D, respectively, see FIGS. 2-3B), and a
gate electrode 130 located between the first and second
active layers 110 and 150.

[0049] That is, the first and second active layers 110 and
150 can be stacked one above another in order to halve the
footprint required for the channel area of the driving thin-
film transistor.

[0050] In addition, the first and second active layers 110
and 150, which are provided in different layers, are con-
nected to each other via a connection electrode 170, which
penetrates and interconnects the two layers.

[0051] Accordingly, considering the flow of electrons in
the first and second active layers 110 and 150, electrons
sequentially pass through a source (S) area 110a, a first
channel 1105, and a connection area 110c¢ of the first active
layer 110, the connection electrode 170, and a connection
area 150¢, a second channel 1506 and a drain (D) area 150a
of the second active layer 150.

[0052] This means that electrons do not move in a single
layer, but move in two layers through the connection elec-
trode 170, which may result in an increased channel length
(including both the channels 1105 and 1505). In addition, the
driving thin-film transistor advantageously realizes various
gradations owing to an extended linear section of the I-V
graph in which I, is linearly increased compared to V ;..
[0053] Here, the first active layer 110 includes two doped
areas, one of which functions as the source area 110a and the
other one of which functions as the connection area 110c.
[0054] The second active layer 150 includes two doped
areas, one of which functions as the connection area 150¢
located to overlap the connection area 110c of the first active
layer 110 and the other one of which functions as the drain
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area 150a. Here, the drain area 150a of the second active
layer 150 and the source area 110a of the first active layer
110 may respectively have portions that do not overlap each
other and may be connected at the non-overlapping portions
thereof to a source electrode and a drain electrode, respec-
tively.

[0055] Here, the driving thin-film transistor includes a
source electrode (see FIGS. 2 to 9), which is connected to
the source area 110a of the first active layer 110, more
particularly, the protruding portion of the first active layer
110, and a drain electrode (see FIGS. 2 to 9), which is
connected to the drain area 1504 of the second active layer
150, more particularly, the protruding portion of the second
active layer 150. The driving thin-film transistor is con-
nected to signal lines, which pass through a corresponding
sub-pixel, via the source electrode and the drain electrode.
[0056] Considering the insulation layers illustrated in FIG.
1 from the bottom in sequence, a buffer layer 105 is provided
between the substrate 100 and the first active layer 110, a
first gate insulation layer 120 is provided between the first
active layer 110 and the gate electrode 130, a second gate
insulation layer 140 is provided between the gate electrode
130 and the second active layer 150, and an interlayer
insulation layer 160 is provided to cover the second active
layer 150.

[0057] In FIG. 1, the connection electrode 170 has a flat
portion on the interlayer insulation layer 160 (e.g., a nail
shape). Alternatively, the flat portion of the connection
electrode 170 may be directly connected to the surface of the
connection area 150¢ of the second active layer 150. In
addition, the connection electrode 170 is provided to pen-
etrate each of the second active layer 150 and the first active
layer 110, in order to connect the connection electrode 170,
the source electrode and the drain electrode to both the first
and second active layers 110 and 150 using a single mask.
The doped areas of the respective active layers are laterally
connected to the respective electrodes in the perforated
region through which the connection electrode 170 pen-
etrates.

[0058] Hereinafter, concrete examples of the driving thin-
film transistor of the present invention will be described with
reference to embodiments.

First Embodiment

[0059] FIG. 2 is a plan view illustrating a driving thin-film
transistor according to a first embodiment of the present
invention, FIG. 3A is a plan view illustrating a first active
layer of FIG. 2, and FIG. 3B is a plan view illustrating a
second active layer of FIG. 2. In addition, FIG. 4 is a
cross-sectional view taken along line I-I' of FIG. 2 and FIG.
5 is a cross-sectional view taken along line II-IT' of FIG. 2.
[0060] In the plan structure of the driving thin-film tran-
sistor according to the first embodiment of the present
invention, as illustrated in FIGS. 2 to 5, channels 2206 and
2505 of first and second active layers 220 and 250 have the
same area. The first and second active layers 220 and 250
have protruding portions configured to be connected to
different electrodes (e.g., a source electrode 270 and a drain
electrode 290), and the protruding portions are doped.

[0061] Now, the layered structure of the driving thin-film
transistor will be described in sequence starting with a
substrate 200. A buffer layer 210 is provided on the substrate
200, the first active layer 220 is provided on the buffer layer
210, a first gate insulation layer 230 is provided to cover the
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first active layer 220, a gate electrode 240 is provided on the
first gate insulation layer 230 to overlap a portion of the first
active layer 220, a second gate insulation layer 245 is
provided to cover the gate electrode 240, the second active
layer 250 is provided on the second gate insulation layer 245
to overlap the gate electrode 240 in the same region as that
in which the gate electrode 240 overlaps the first active layer
220, and an interlayer insulation layer 260 is provided to
cover the second active layer 250. The driving thin-film
transistor further includes the source electrode 270, which is
connected to the first active layer 220 via a first contact hole
CN1, a connection electrode 280, which is connected to the
first and second active layers 220 and 250 via a second
contact hole CN2, and the drain electrode 290, which is
connected to the second active layer 250 via a third contact
hole CN3.

[0062] In addition, specifically, as illustrated in FIG. 3A,
the first active layer 220 includes a first channel 2205 in the
center thereof and doped areas 220a and 220c¢ at opposite
sides thereof. The doped area 220¢ at one side is connected
to the source electrode 270, and the doped area 220c¢ at the
other side is connected to the connection electrode 280.
[0063] In addition, as illustrated in FIG. 3B, the second
active layer 250 includes a second channel 2505 in the center
thereof and doped areas 250a and 250c at opposite sides
thereof. The doped area 250a at one side is connected to the
drain electrode 290, and the doped area 250c¢ at the other side
is connected to the connection electrode 280.

[0064] The driving thin-film transistor according to the
first embodiment of the present invention includes the gate
electrode 240 between the first and second active layers 220
and 250.

[0065] The contact holes CN1, CN2 and CN3 are defined
by removing the interlayer insulation layer 260, the second
active layer 250, the second gate insulation layer 245 and the
first gate insulation layer 230. The source electrode 270, the
drain electrode 290, and the connection electrode 280
respectively have flat portions on the surface of the inter-
layer insulation layer 260, and penetrate the insulation layers
and the active layers thereunder through the first to third
contact holes CN1, CN2 and CN3 to be laterally connected
to the active layers in the overlapping regions.

[0066] Here, as illustrated in FIG. 4, the first contact hole
CNT1 is the region in which the source electrode 270 and the
doped area 220a of the first active layer 220 are connected
to each other and is defined by vertically removing the
interlayer insulation layer 260, the second gate insulation
layer 245, the first gate insulation layer 230 and the first
active layer 220.

[0067] In addition, the second contact hole CN2 is the
region in which the connection electrode 280 and the doped
areas 220c¢ and 250c of the first and second active layers 220
and 250 are connected to each other and is defined by
vertically removing the interlayer insulation layer 260, the
second active layer 250, the second gate insulation layer
245, the first gate insulation layer 230 and the first active
layer 220.

[0068] In addition, as illustrated in FIG. 5, the third
contact hole CN3 is the region in which the drain electrode
290 and the doped area 250a of the second active layer 250
are connected to each other and is defined by vertically
removing the interlayer insulation layer 260, the second
active layer 250, the second gate insulation layer 245, and a
portion of the first gate insulation layer 230.
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[0069] In an embodiment of the present invention, the
electrodes penetrate the active layers and are laterally con-
nected thereto, in order to reduce the number of masks. That
is, in order to connect the first active layer 220 and the
second active layer 250, which are located in different
layers, to a metal, which is formed via single patterning,
through the contact holes CN1, CN2 and CN3, which are
defined together in a single contact-hole forming process
before the patterning, the contact holes CN1, CN2 and CN3
are formed via over-etching to the first active layer 220,
which is a lower active layer. In addition, in this situation,
since the etching is performed to ensure that the electrodes
are connected to the first active layer 220 and an etchant
used to form the contact holes includes a component that
reacts with the active layer, the overlapping portions of the
active layers 220 and 250 and the insulation layers between
the first and second active layers 220 and 250 may be
removed in the region in which the first and second active
layers 220 and 250 overlap each other.

[0070] In this process, the connection electrode 280 pen-
etrates both the first and second active layers 220 and 250 in
the overlapping portions of the first and second active layers
220 and 250, e.g., in the second contact hole CN2, and is
laterally connected to the first and second active layers 220
and 250. In addition, each of the source electrode 270 and
the drain electrode 290 penetrates the first active layer 220
or the second active layer 250 and is laterally connected to
the first active layer 220 or the second active layer 250.

[0071] Although FIG. 5 illustrates the third contact hole
CN3 as being formed to the fraction of the thickness of the
first gate insulation layer 230, in some situations, the entire
thickness of the second gate insulation layer 230 may be
removed in the region of the third contact hole CN3.

[0072] Here, according to an embodiment, the protruding
portions (e.g., the areas 220a and 250a) of the first and
second active layers 220 and 250 should be located respec-
tively in different areas in a plane, in order to be connected
to the source electrode 270 and the drain electrode 290. In
addition, these protruding portions (e.g., the areas 220a and
250a) should not overlap the gate electrode 240. The gate
electrode 240 is located between the first and second active
layers 220 and 250 and the source electrode 270 and the
drain electrode 290 are located in the same layer above the
gate electrode 240. As such, the protruding portions (e.g., the
areas 220a and 250q) serve to prevent short-circuit between
an electrode material, which penetrates and is connected to
the first active layer 220 and the second active layer 250, and
the gate electrode 240.

[0073] In addition, the first and second active layers 220
and 250 of the present invention are formed of poly-silicon,
which is acquired by depositing amorphous silicon and
crystallizing the same via laser irradiation. The doped areas
220a, 220c¢, 250a and 250c¢, which are formed using the
same dopant, are connected to the respective electrodes with
low resistance. In addition, undoped intrinsic areas of the
first and second active layers 220 and 250 function as the
first and second channels 2205 and 2505.

[0074] The driving thin-film transistor according to the
first embodiment of the present invention includes dual
channels so that the entire channel length becomes double
that of a single stack. As such, it is possible to prevent an
increase in drain current I,,, which occurs when a voltage
value is continuously increased after the drain current I, is
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supplied until saturation, which may prevent a kink effect
and may stabilize the current to be supplied to an organic
light-emitting diode.

[0075] In addition, in the driving thin-film transistor
according to the first embodiment of the present invention,
the area of the gate electrode is reduced by half compared to
that of a dual gate structure in which two gate electrodes are
spaced apart from each other in a plane. This driving
thin-film transistor is suitable for a super-high resolution
structure having a smaller sub-pixel area.

[0076] In addition, when the driving thin-film transistor
described above is applied to an organic light-emitting
display device, the doped area of the active layer and the
metal that overlaps the doped area may be used as a storage
electrode so that the doped area has a double-layered struc-
ture. This ensures ease of acquisition of storage capacity.
[0077] In addition, the buffer layer 210 serves to prevent
any foreign substance or gas included in the substrate 200
from having an effect on the first and second active layers
220 and 250 due to heat applied during the crystallization of
the first and second active layers 220 and 250. The buffer
layer 210 may adopt a different material or a different
etching rate from that of the insulation layer thereabove, in
order to remain without variation in the layered structure
upon the formation of the contact holes described above.

Second Embodiment

[0078] FIG. 6 is a plan view illustrating a driving thin-film
transistor according to a second embodiment of the present
invention, FIG. 7A is a plan view illustrating a first active
layer of FIG. 6, and FIG. 7B is a plan view illustrating a
second active layer of FIG. 6. In addition, FIG. 8§ is a
cross-sectional view taken along line of FIG. 6, and FIG. 9
is a cross-sectional view taken along line IV-IV' of FIG. 6.

[0079] The driving thin-film transistor according to the
second embodiment of the present invention illustrated in
FIGS. 6 to 9 has the same layered structure as that of the
driving thin-film transistor according to the first embodiment
of the present invention described above, but differs as to the
area over which a gate electrode 340 overlaps first and
second active layers 320 and 350, and consequently, differs
as to the length of channels provided in the first and second
active layers 320 and 350.

[0080] Now, a layered structure of the driving thin-film
transistor will be described from a substrate 300 in sequence.
A buffer layer 310 is provided on the substrate 300, the first
active layer 320 is provided on the buffer layer 310, a first
gate insulation layer 330 is provided to cover the first active
layer 320, a gate electrode 340 is provided on the first gate
insulation layer 330 to overlap a portion of the first active
layer 320, a second gate insulation layer 345 is provided to
cover the gate electrode 340, the second active layer 350 is
provided on the second gate insulation layer 345 to overlap
the gate electrode 340 in a region different from the region
in which the gate electrode 340 overlaps the first active layer
320, and an interlayer insulation layer 360 is provided to
cover the second active layer 350. The driving thin-film
transistor further includes a source electrode 370 connected
to the first active layer 320 via a first contact hole CN1, a
connection electrode 380 connected to the first and second
active layers 320 and 350 via a second contact hole CN2,
and a drain electrode 390 connected to the second active
layer 350 via a third contact hole CN3.
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[0081] Here, the gate electrode 340 overlaps the first
active layer 320 by a first length and overlaps the second
active layer 350 by a second length, which is shorter than the
first length. In order to attain different channel lengths, the
first and second active layers 320 and 350 are located in
different regions excluding connection areas 320¢ and 350c¢.
[0082] Specifically, as illustrated in FIG. 7A, the first
active layer 320 includes a first channel 3205 in the center
thereof and doped areas 320a and 320c¢ at opposite sides
thereof. The doped area 3204 at one side is connected to the
source electrode 370, and the doped area 320c¢ at the other
side is connected to the connection electrode 380.

[0083] In addition, as illustrated in FIG. 7B, the second
active layer 350 includes a second channel 3505 in the center
thereof and doped areas 350a and 350c at opposite sides
thereof. The doped area 350q at one side is connected to the
drain electrode 390, and the doped area 350c¢ at the other side
is connected to the connection electrode 380.

[0084] The driving thin-film transistor according to the
second embodiment of the present invention includes the
gate electrode 340 between the first and second active layers
320 and 350.

[0085] The contact holes CN1, CN2 and CN3 are defined
by removing the interlayer insulation layer 360, the second
active layer 350, the second gate insulation layer 345 and the
first gate insulation layer 330. The source electrode 370, the
drain electrode 390, and the connection electrode 380
respectively have flat portions on the surface of the inter-
layer insulation layer 360, and penetrate the insulation layers
and the active layers thereunder through the first to third
contact holes CN1, CN2 and CN3 to be laterally connected
to the active layers in the overlapping regions.

[0086] Here, as illustrated in FIG. 8, the first contact hole
CN1 is the region in which the source electrode 370 and the
doped area 320a of the first active layer 320 are connected
to each other and is defined by vertically removing the
interlayer insulation layer 360, the second gate insulation
layer 345, the first gate insulation layer 330 and the first
active layer 320.

[0087] In addition, the second contact hole CN2 is the
region in which the connection electrode 380 and the doped
areas 320c and 350c¢ of the first and second active layers 320
and 350 are connected to each other and is defined by
vertically removing the interlayer insulation layer 360, the
second active layer 350, the second gate insulation layer
345, the first gate insulation layer 330 and the first active
layer 320.

[0088] In addition, as illustrated in FIG. 9, the third
contact hole CN3 is the region in which the drain electrode
390 and the doped area 3504 of the second active layer 350
are connected to each other and is defined by vertically
removing the interlayer insulation layer 360, the second
active layer 350, the second gate insulation layer 345, and a
portion of the first gate insulation layer 330.

[0089] The connection between the active layers and the
source electrode, the drain electrode and the connection
electrode is the same as that in the first embodiment
described above, and thus, a description thereof will be
omitted.

[0090] In addition, the first and second active layers 320
and 350 of the present invention are formed of poly-silicon,
which is acquired by depositing amorphous silicon and
crystallizing the same via laser irradiation. The doped areas
320a, 320c¢, 350a and 350c, which are formed using the
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same dopant, are connected to the respective electrodes with
low resistance. In addition, undoped intrinsic areas of the
first and second active layers 320 and 350 function as the
first and second channels 3205 and 3504.

[0091] In some situations, as described above, when the
first and second active layers 320 and 350 overlap each other
only in given portions thereof and the overlapping portions
are used only for connection with the electrodes, the laser
crystallization for the first and second active layers 320 and
350 may not be performed for each layer, but may be
performed once.

[0092] In addition, the driving thin-film transistor accord-
ing to the second embodiment of the present invention may
entail an increase in the area occupied by the active layers,
compared to the driving thin-film transistor according to the
first embodiment, since the channels of the active layers are
located so as not to overlap each other. However, even in this
situation, since the first and second active layers 320 and 350
are located in different layers, the first and second active
layers 320 and 350 may be located to overlap each other and
may have no space therebetween, which ensures ease of
integration in a small area and is advantageous for realizing
high-resolution.

[0093] Hereinafter, the characteristics of the driving thin-
film transistor having the structure of the present invention
will be described.

[0094] FIG. 10 is a graph illustrating I, -V, characteris-
tics when the thin-film transistors respectively include a
single gate, symmetrical dual gates and asymmetrical dual
gates.

[0095] FIG. 10 illustrates the kink effect of the respective
structures. The kink effect refers to a phenomenon in which,
which a gradually increasing voltage V. is applied after
saturation of current I, the current 1, does not remain
saturated, but is increased.

[0096] Itcan be verified from the structures of FIG. 10 that
the kink effect is intense in the thin-film transistor having a
single gate structure, but is remarkably reduced or does not
occur at all in the thin-film transistors having a symmetrical
dual gate structure or an asymmetrical dual gate structure.
Accordingly, it can be expected that the kink effect may be
prevented when the dual channel structure of the present
invention is provided to achieve the same effect as the dual
gate structure.

[0097] The driving thin-film transistor according to the
first embodiment of the present invention described above
exhibits the same effect as that having a symmetrical dual
gate structure, and the driving thin-film transistor according
to the second embodiment of the present invention described
above exhibits the same effect as having an asymmetrical
dual gate structure, even though both embodiments use a
single gate. In other words, although the embodiments of the
present invention adopt the gate electrode that is formed in
a single layer, a stack structure in which two active layers are
stacked above and under the gate electrode exerts the same
dual channel effect as the dual gate structure.

[0098] Compared to a related art dual gate structure, the
stack-type driving thin-film transistor of the present inven-
tion may be advantageously applied to a small area and may
be applied to a high resolution display device.

[0099] The following experiment was performed using the
asymmetrical dual channel structure according to the second
embodiment described above. In FIGS. 11A and 12A, the
width and length of the thin-film transistor were 4 um and 12
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um, and in FIGS. 11B and 12B, the width and length of the
thin-film transistor were 4 um and 9 um+3 um. In FIGS. 11A
to 12B, consequently, the total channel length was equally
12 pm.

[0100] FIGS. 11A and 11B are graphs illustrating I, -V .,
characteristics when thin-film transistors respectively
include a single gate and asymmetrical dual gates, which
have the same channel length.

[0101] In FIG. 11A, the width and length of the thin-film
transistor were 4 um and 12 pm respectively. In FIG. 11B,
the width and length of the thin-film transistor were 4 pm
and 9 um+3 pm respectively, and the thin-film transistor has
the asymmetrical dual channel structure according to the
second embodiment described above. In FIGS. 11A and
11B, consequently, the total channel length was equally 12
pm.

[0102] Itcan be verified by comparing the graphs of FIGS.
11A and 11B with each other that current-off characteristics
were improved when the structure of FIG. 11B, e.g., the
asymmetrical dual channel structure is applied. That is, it
can be verified that the driving thin-film transistor of the
present invention is advantageous for use in a high resolu-
tion device, compared to that having a general single gate
structure, and also achieves improved current-off character-
istics.

[0103] FIGS. 12A and 12B are graphs illustrating [,-V
characteristics when thin-film transistors respectively
include a single gate and asymmetrical dual gates, which
have the same channel length.

[0104] Itcan be verified by comparing the graphs of FIGS.
12A and 12B with each other that current characteristics
based on the relationship of 1,, and V, were further stabi-
lized when the structure of FIG. 12B, e.g., the asymmetrical
dual channel structure was applied. That is, it can be verified
that the driving thin-film transistor of the present invention,
which is directly connected to a first electrode (anode) of an
organic light-emitting diode, which requires the application
of stable driving current I, thereto for driving, is advanta-
geous for use in a high resolution device, compared to a
general single gate structure, and also achieves stabilized
driving current characteristics.

[0105] Organic Light-Emitting Display Device

[0106] FIG. 13 is a cross-sectional view illustrating a
switching thin-film transistor and a driving thin-film tran-
sistor used in an organic light-emitting display device of the
present invention, and FIG. 14 is an equivalent circuit
diagram of one sub-pixel in the organic light-emitting dis-
play device of the present invention.

[0107] As illustrated in FIGS. 13 and 14, the organic
light-emitting display device of the present invention
includes a substrate 100 having a plurality of sub-pixels SP
(only one sub-pixel being illustrated in FIG. 13), and a
driving thin-film transistor D-TR, a switching thin-film
transistor SW-TR and an organic light-emitting diode
OLED, which are provided in each sub-pixel. The driving
thin-film transistor D-TR includes the first active layer 110
and the second active layer 150, which are located in
different layers over the substrate 100 to overlap each other
and respectively have protruding portions at different posi-
tions, the first gate electrode 130 located between the first
and second active layers 110 and 150, a first source electrode
(see reference numeral 270 in FIG. 2) connected to the
protruding portion (more particularly, an extension from the
source area) of the first active layer 110, and a first drain
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electrode (see reference numeral 290 in FIG. 2) connected to
the protruding portion (more particularly, an extension from
the drain area) of the second active layer 150. The switching
thin-film transistor SW-TR is connected to the driving
thin-film transistor D-TR in the same sub-pixel, and includes
a second gate electrode 135 located in the same layer as the
first gate electrode 130, a second source electrode 173 and
a second drain electrode 175 located in the same layer as the
first source electrode and the second drain electrode, and a
third active layer 115 located in the same layer as any one
of the first active layer 110 and the second active layer 150.
The organic light-emitting diode is connected to the first
source electrode or the first drain electrode at a first node A.
[0108] Here, the driving thin-film transistor D-TR has the
structure described above with reference to FIGS. 1 to 12B.
Any one structure of the first embodiment or the second
embodiment described above may be applied thereto.
[0109] Inaddition, although FIG. 13 illustrates an example
in which the third active layer 115 of the switching thin-film
transistor SW-TR is provided under the second gate elec-
trode 135, the disclosure is not limited thereto and the third
active layer 115 may be provided above the second gate
electrode 135.

[0110] The organic light-emitting diode may basically
include a first electrode (anode). an organic emission layer,
and a second electrode (cathode), and may further include
common layers between the organic emission layer and the
first electrode and between the organic emission layer and
the second electrode, these common layers being formed by
depositing an organic material. The organic light-emitting
diode operates upon receiving driving current when the first
electrode is connected to the driving thin-film transistor
D-TR at the first node A. The second electrode may be
formed throughout the sub-pixel, and may be grounded as
illustrated, or may receive a constant voltage, in order to
maintain the same potential.

[0111] Specifically, considering the circuit configuration
of each sub-pixel with reference to FIG. 14, the sub-pixel SP
is defined by a scan line SL and a data line DL, which cross
each other. In addition, in a display area AA, a driving
voltage line VDDL is further provided in the same direction
as the data line DL, and a driving voltage is applied to the
driving voltage line VDDL to drive the circuit provided in
each sub-pixel SP. The driving voltage line VDDL is con-
nected to the driving thin-film transistor.

[0112] In the circuit configuration, the switching thin-film
transistor SW-TR is provided at the intersection of the scan
line SL and the data line DL, the driving thin-film transistor
D-TR is provided between the switching thin-film transistor
SW-TR and the driving voltage line VDDL, the organic
light-emitting diode OLED is connected to the driving
thin-film transistor D-TR, and a storage capacitor Cst is
provided between a first gate electrode and the first drain
electrode (or the first source electrode) of the driving thin-
film transistor D-TR.

[0113] Here, the switching thin-film transistor SW-TR is
formed at the intersection of the scan line SL. and the data
line DL and functions to select the corresponding sub-pixel.
In addition, the driving 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.

[0114] The switching thin-film transistor SW-TR may
maintain a short channel for fast switching, and thus may
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have a single channel, rather than having double channels,
even in a high-resolution structure.

[0115] FIG. 14 illustrates a 2TIC structure provided in the
sub-pixel, and in some situations, transistors and capacitors
may be added thereto. In the organic light-emitting display
device of the present invention, only the driving thin-film
transistor D-TR may have a dual channel structure illus-
trated in the right side of FIG. 13, and other transistors
including the switching thin-film transistor SW-TR may
have a single channel structure. In addition, the storage
capacitor may use the region in which the doped area of the
active layer and the electrode overlap each other, and no
region for the storage capacitor may be added, which is
advantageous for a high-resolution organic light-emitting
display device.

[0116] As is apparent from the above description, a driv-
ing thin-film transistor and an organic light-emitting display
device using the same have the following effects.

[0117] First, in the organic light-emitting display device of
the present invention, the driving thin-film transistor has a
stack structure different from that of a switching thin-film
transistor. In particular, the driving thin-film transistor
includes stack-type active layers and achieves an increased
channel length via a change in the vertical structure thereof
without increasing the planar area thereof, thus being advan-
tageously applied to a high-resolution small sub-pixel.
[0118] Second, by providing the driving thin-film transis-
tor with double active layers, the kink effect may be reduced
and the uniformity of drain current supplied from the driving
thin-film transistor to an organic light-emitting diode may be
secured.

[0119] Third, the long channel of the driving thin-film
transistor may increase the linear section of the I-V curve,
and thus may provide a sufficient gradation variation section.
Thereby, the driving thin-film transistor is suitable for gra-
dation of the organic light-emitting diode.

[0120] Although the embodiments of the present invention
have been described above in detail with reference to the
accompanying drawings, it will be apparent to those skilled
in the art that the present invention described above is not
limited to the embodiments described above, and various
substitutions, modifications, and alterations may be devised
within the spirit and scope of the present invention.

What is claimed is:

1. A driving thin-film transistor comprising;

a substrate;

a first active layer disposed on the substrate and including

a first protruding portion;

a second active layer overlapping with the first active

layer and including a second protruding portion;

a gate electrode disposed between the first active layer

and the second active layer;

a source electrode connected to the first protruding por-

tion of the first active layer; and

a drain electrode connected to the second protruding

portion of the second active layer,

wherein the first protruding portion of the first active layer

and the second protruding portion of the second active
layer are located at different positions.

2. The transistor according to claim 1, wherein the first
protruding portion of the first active layer does not overlap
with the second protruding portion of the second active
layer.
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3. The transistor according to claim 1, further comprising:

a connection electrode overlapping with the first active

layer and the second active layer,

wherein the connection electrode penetrates the first and

second active layers and is laterally connected to the
first and second active layers.

4. The transistor according to claim 3, wherein the con-
nection electrode is laterally connected to a first doped area
of the first active layer, and

wherein the connection electrode is laterally connected to

a second doped area of the second active layer.

5. The transistor according to claim 4, wherein first doped
area of the first active layer and the second doped area of the
second active layer are doped with a same dopant.

6. The transistor according to claim 1, further comprising:

a first gate insulation layer disposed between the first

active layer and the gate electrode; and

a second gate insulation layer disposed between the gate

electrode and the second active layer.

7. The transistor according to claim 6, wherein the first
active layer and the second active layer include a first
channel and a second channel, respectively, and

wherein transistor is configured to sequentially move

electrons through the source electrode, the first pro-
truding portion of the first active layer, the first channel
of the first active layer, the connection electrode, the
second channel of the second active layer, the second
protruding portion of the second active layer and the
drain electrode.

8. The transistor according to claim 1, wherein the gate
electrode does not overlap with the first and second pro-
truding portions of the first and second active layers.

9. The transistor according to claim 8, wherein the first
protruding portion of the first active layer is a doped area,
and

wherein the second protruding portion of the second

active layer is a doped area.

10. The transistor according to claim 1, wherein the gate
electrode overlaps with the first active layer and the second
active layer at different regions, and

wherein the first active layer does not overlap with the

second active layer.

11. The transistor according to claim 10, wherein a first
area of the gate electrode is overlapping with the first active
layer,

wherein a second area of the gate electrode is overlapping

with the second active layer, and

wherein the first area of the gate electrode is a different

size than the second area of the gate electrode.

12. The transistor according to claim 1, wherein the first
active layer, the gate electrode and the second active layer
overlap each other in a same region.

13. The transistor according to claim 1, wherein the first
channel of the first active layer is a different length than the
second channel of the second active layer.

14. The transistor according to claim 1, wherein the first
channel of the first active layer and the second channel of the
second active layer have a same area.
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15. An organic light-emitting display device comprising:

a substrate including a plurality of sub-pixels;

a driving thin-film transistor disposed in each sub-pixel
among the plurality of sub-pixels and including:

a first active layer disposed on the substrate and includ-
ing a first protruding portion,

a second active layer overlapping with the first active
layer and including a second protruding portion
located at a different position than the first protruding
portion,

a first gate electrode disposed between the first active
layer and the second active layer,

a source electrode connected to the first protruding
portion of the first active layer, and

a drain electrode connected to the second protruding
portion of the second active layer;

a switching thin-film transistor connected to the driving
thin-film transistor in each sub-pixel among the plural-
ity of sub-pixels and including:

a second gate electrode in the same layer as the first
gate electrode,

a second source electrode and a second drain electrode
in the same layer as the first source electrode of the
driving thin-film transistor and the first drain elec-
trode of the driving thin-film transistor, and

a third active layer in the same layer as the first active
layer of the driving thin-film transistor or the second
active layer of the driving thin-film transistor; and

an organic light-emitting diode connected to the first
source electrode or the first drain electrode.

16. The organic light-emitting display device according to
claim 15, further comprising:

a connection electrode overlapping with the first active

layer and the second active layer,

wherein the connection electrode penetrates the first and
second active layers and is laterally connected to the
first and second active layers.

17. The organic light-emitting display device according to
claim 16, wherein the connection electrode is laterally
connected to a first doped area of the first active layer, and

wherein the connection electrode is laterally connected to

a second doped area of the second active layer.

18. The organic light-emitting display device according to
claim 15, wherein the first gate electrode does not overlap
with the first and second protruding portions of the first and
second active layers.

19. The organic light-emitting display device according to
claim 15, wherein the first gate electrode overlaps with the
first active layer and the second active layer at different
regions, and

wherein the first active layer does not overlap with the
second active layer.

20. The organic light-emitting display device according to
claim 15, wherein the first active layer, the first gate elec-
trode and the second active layer overlap each other in a
same region.
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