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THIN FILM TRANSISTOR AND ORGANIC
LIGHT EMITTING DIODE DISPLAY
INCLUDING THE SAME

[0001] This application is a continuation application of
U.S. application Ser. No. 14/055,039 filed Oct. 16, 2013,
which claims priority to Korean Patent Application No.
10-2013-0062968 filed on May 31, 2013, and all the benefits
accruing therefrom under 35 U.S.C. §119, the entire contents
of which are incorporated herein by reference.

BACKGROUND

(a) Field

[0002] The invention relates to a thin film transistor and an
organic light emitting diode display including the same.

(b) Description of the Related Art

[0003] An organic light emitting diode display includes
two electrodes and an organic light emitting layer positioned
therebetween. Electrons injected from a cathode that is one
of the two electrodes and holes injected from an anode that
is the other of the two electrodes are bonded to each other
in the organic light emitting layer to form an exciton. Light
is emitted while the exciton discharges energy.

[0004] The organic light emitting diode display includes a
plurality of pixels each including an organic light emitting
diode formed of the cathode, the anode and the organic light
emitting layer. A plurality of thin film transistors (“TFTs”)
and capacitors for driving the organic light emitting diode
are disposed in each pixel. The plurality of TFTs includes a
switching TFT and a driving TFT.

SUMMARY

[0005] One or more exemplary embodiment provides a
thin film transistor in which a leakage current is minimized,
and an organic light emitting diode display including the
same.

[0006] An exemplary embodiment provides a thin film
transistor including a substrate. A semiconductor layer is on
the substrate. A first insulating layer covers the substrate and
the semiconductor layer. A first gate electrode is on the first
insulating layer and overlaps the semiconductor layer. A
second insulating layer covers the first gate electrode and the
first insulating layer. A second gate electrode is on the
second insulating layer and overlaps the semiconductor
layer and the first gate electrode. A third insulating layer
covers the second gate electrode. A first contact hole is
defined in the first insulating layer, the second insulating
layer and the third insulating layer, and exposes a portion of
the semiconductor layer. A source electrode and a drain
electrode are on the third insulating layer, and connected to
the semiconductor layer through the first contact hole. An
overall length of the second gate electrode is larger than an
overall length of the first gate electrode.

[0007] The first gate electrode may be between the second
gate electrode and the substrate.

[0008] The thin film transistor may further include a
second contact hole defined in the second insulating layer,
and through which a portion of the first gate electrode is
exposed. The second gate electrode may be connected to the
first gate electrode through the second contact hole.
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[0009] The second gate electrode may include an overlap-
ping second gate unit ovetlapping the first gate electrode,
and a non-overlapping second gate unit exposed by the first
gate electrode.

[0010] The semiconductor layer may include a source
region in contact with the source electrode, a drain region in
contact with the drain electrode, a channel region between
the source region and the drain region, and a weak electric
field region overlapping the non-overlapping second gate
unit.

[0011] The weak electric field region may be between the
source region and the channel region and between the drain
region and the channel region.

[0012] The first gate electrode may include a first sub-gate
electrode and a second sub-gate electrode spaced apart from
each other.

[0013] Both the first sub-gate electrode and the second
sub-gate electrode may be between the second gate electrode
and the substrate.

[0014] The semiconductor layer may further include a
central weak electric field region between the first sub-gate
electrode and the second sub-gate electrode, in a plan view.
[0015] The thin film transistor may further include a third
contact hole defined in the third insulating layer, and through
which a portion of the second gate electrode is exposed, and
a low resistance member on the third insulating layer,
overlapping the second gate electrode and connected to the
second gate electrode through the third contact hole.
[0016] Another exemplary embodiment provides a thin
film transistor including a substrate. A semiconductor layer
is on the substrate. A first insulating layer covers the
substrate and the semiconductor layer. A first gate electrode
is on the first insulating layer and overlaps the semiconduc-
tor layer. A second insulating layer covers the first gate
electrode and the first insulating layer. A second gate elec-
trode is on the second insulating layer and overlaps the
semiconductor layer and the first gate electrode. A third
insulating layer covers the second gate electrode. A first
contact hole is defined in the first insulating layer, the second
insulating layer and the third insulating layer, and exposes a
portion of the semiconductor layer. A source electrode and
a drain electrode are on the third insulating layer, and
connected to the semiconductor layer through the first
contact hole. The first gate electrode includes a first sub-gate
electrode and a second sub-gate electrode spaced apart from
each other. An overall length of the second gate electrode is
smaller than an overall length of the first gate electrode.
[0017] The semiconductor layer may include a source
region in contact with the source electrode, a drain region in
contact with the drain electrode, a channel region between
the source region and the drain region, and a central weak
electric field region overlapping an interval between the first
sub-gate electrode and the second sub-gate electrode, in a
plan view.

[0018] The thin film transistor may further include a
second contact hole defined in the second insulating layer,
and through which a portion of the first gate electrode is
exposed, and the second gate electrode may be connected to
the first gate electrode through the second contact hole.
[0019] The thin film transistor may further include a third
contact hole defined in the third insulating layer, and through
which a portion of the second gate electrode is exposed, and
a low resistance member on the third insulating layer,
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overlapping the second gate electrode and connected to the
second gate electrode through the third contact hole.
[0020] Yet another exemplary embodiment provides an
organic light emitting diode display including a substrate. A
thin film transistor and a capacitor are on the substrate. An
organic light emitting diode is connected to the thin film
transistor.

[0021] The thin film transistor includes a semiconductor
layer on the substrate. A first insulating layer covers the
substrate and the semiconductor layer. A first gate electrode
is on the first insulating layer and overlaps the semiconduc-
tor layer. A second insulating layer covers the first gate
electrode and the first insulating layer. A second gate elec-
trode is on the second insulating layer and overlaps the
semiconductor layer and the first gate electrode. A third
insulating layer covers the second gate electrode. A first
contact hole is defined in the first insulating layer, the second
insulating layer and the third insulating layer, and exposes a
portion of the semiconductor layer. A source electrode and
a drain electrode are on the third insulating layer, and
connected to the semiconductor layer through the first
contact hole. An overall length of the second gate electrode
is larger than an overall length of the first gate electrode.
[0022] The thin film transistor may further include a
second contact hole defined in the second insulating layer,
and through which a portion of the first gate electrode is
exposed, and the second gate electrode may be connected to
the first gate electrode through the second contact hole.
[0023] The second gate electrode may include an overlap-
ping second gate unit overlapping the first gate electrode and
a non-overlapping second gate unit exposed by the first gate
electrode.

[0024] The semiconductor layer may include a source
region in contact with the source electrode, a drain region in
contact with the drain electrode, a channel region between
the source region and the drain region, and a weak electric
field region overlapping the non-overlapping second gate
unit.

[0025] The weak electric field region may be between the
source region and the channel region and between the drain
region and the channel region.

[0026] The capacitor may include a first capacitor plate in
a same layer as the first gate electrode, a second capacitor
plate in a same layer as the second gate electrode, and a third
capacitor plate in a same layer as the source electrode and
the drain electrode. The first capacitor plate, the second
capacitor plate and the third capacitor plate may overlap
each other.

[0027] According to one or more exemplary embodiment,
a second gate electrode includes a portion exposed by a first
gate electrode, and a second gate electrode is connected to
the first gate electrode through a contact hole defined in a
second insulating layer. Accordingly, a weak electric field
region of the semiconductor layer and overlapping the
second gate electrode exhibits an effect similar to that of a
lightly doped drain (“LDD”) structure. Therefore, a leakage
of electrical current and a hot electron effect can be reduced,
and a breakdown voltage can be increased.

[0028] Further, an on-current is increased in a channel
region of the thin film transistor where a strong electric field
is formed. Therefore, a capacitor in a pixel of a large-area
display device can be charged.

[0029] Further, the weak electric field region is included in
the semiconductor layer of the organic light emitting diode

Mar. 1, 2018

display including the thin film transistor according to one or
more exemplary embodiment. Therefore, the leakage of
electrical current of the thin film transistor can be reduced to
maintain a voltage applied to the capacitor connected to the
thin film transistor, during one frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other features of this disclosure will
become more apparent by describing in further detail exem-
plary embodiments thereof with reference to the accompa-
nying drawings, in which:

[0031] FIG. 1 is a cross-sectional view of an exemplary
embodiment of a thin film transistor according to the inven-
tion.

[0032] FIG. 2 is a cross-sectional view of an exemplary
embodiment of an organic light emitting diode display
including a thin film transistor according to the invention.
[0033] FIG. 3 is a cross-sectional view of another exem-
plary embodiment of a thin film transistor according to the
invention.

[0034] FIG. 4 is a cross-sectional view of still another
exemplary embodiment of a thin film transistor according to
the invention.

[0035] FIG. 5 is a cross-sectional view of yet another
exemplary embodiment of a thin film transistor according to
the invention.

[0036] FIG. 6 is a cross-sectional view of yet another
exemplary emboidment of a thin film transistor according to
the invention.

DETAILED DESCRIPTION

[0037] Hereinafter, exemplary embodiments of the inven-
tion will be described in detail with reference to the accom-
panying drawings so that those skilled in the art may easily
practice the invention. As those skilled in the art would
realize, the described embodiments may be modified in
various different ways, all without departing from the spirit
or scope of the invention.

[0038] In addition, in various exemplary embodiments,
the same reference numerals are used with respect to the
constituent elements having the same constitution and illus-
trated in one exemplary embodiment, and in an alternative
exemplary embodiment, only elements that are different
from the one exemplary embodiment are illustrated.
[0039] In describing the disclosure, parts that are not
related to the description will be omitted. Like reference
numerals generally designate like elements throughout the
specification.

[0040] In addition, the size and thickness of each element
shown in the drawings are arbitrarily shown for understand-
ing and ease of description, but the invention is not limited
thereto. As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items.

[0041] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. In the
drawings, for understanding and ease of description, the
thicknesses of some layers and areas are exaggerated. It will
be understood that when an element such as a layer, film,
region, or substrate is referred to as being “on” another
element, it can be directly on the other element or interven-
ing elements may also be present.
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[0042] Tt will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of the invention.

[0043] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises,”
“comprising,” “includes™ and/or “including,” when used in
this specification, specify the presence of stated features,
integers, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

[0044] Embodiments of the invention are described herein
with reference to cross-section illustrations that are sche-
matic illustrations of idealized embodiments (and interme-
diate structures) of the invention. As such, variations from
the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments of the invention should not be
construed as limited to the particular shapes of regions
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing.

[0045] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0046] When the organic light emitting diode display is
driven, when leakage of electrical current is leaked associ-
ated with a capacitor connected to the switching thin film
transistor (“TFT”), a size of the capacitor is increased to
increase a capacity of the capacitor or a frame frequency is
increased to reduce a time of one frame in order to maintain
a constant voltage during the time of one frame. Thereby, a
change in voltage due to the leakage current is relieved.
[0047] However, when the capacity of the capacitor is
increased in order to maintain the constant voltage during
the time of one frame, the increased capacity acts as a load
during charging or discharging of the capacitor. Accord-
ingly, it is difficult to ensure charging and discharging times,
and an aperture ratio of the pixel is reduced. Further, when
the frame frequency is increased in order to maintain the
constant voltage during the time of one frame, input of data
within a predetermined time due to a load connected to a
data line and a scan line may be difficult.

[0048] As shown in a transfer curve of a typical P-type
TFT, when a gate voltage (V) is increased as a positive
number, the leakage current is increased. When a drain
voltage (Vq) 18 increased as a negative number, the leakage
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current is further increased. Accordingly, in the switching
TFT disposed in the pixel of the organic light emitting diode
display, when the gate voltage V¢ is increased as the
positive number and the switching TFT is in an off state, the
drain voltage (V) is increased as the negative number.
Therefore, the leakage current is increased in a condition
where a large voltage is applied, and thus a change in voltage
applied to the capacitor is intensified.

[0049] In order to reduce the leakage current, a lightly
doped drain (“LDD”) structure where a lightly doped region
(n-) is interposed between opposing highly doped source
and drain regions (n+), and a channel is applied to the TFT
of the organic light emitting diode display. In a process of
providing a top gate type TFT, the LDD structure includes
a gate electrode formed according to a self alignment
method. The LDD structure provided in the top gate type
TFT reduces the leakage current and a hot electron effect,
and increases a breakdown voltage.

[0050] However, when the LDD structure is provided, an
electrical on-current (Ton) is reduced and costs are increased
due to use of an additional mask.

[0051] The top gate type TFT typically includes a semi-
conductor layer including polysilicon, a gate insulating layer
covering the semiconductor layer, a gate electrode disposed
on the gate insulating layer and partially overlapping the
semiconductor layer, an interlayer insulating layer covering
the gate electrode and the gate insulating layer, and source
and drain electrodes connected to the semiconductor layer
exposed through a contact hole defined in the interlayer
insulating layer and the gate insulating layer. In the top gate
TFT, when a cross-sectional thickness of the gate insulating
layer 1s increased, an electric field respectively between the
gate electrode, and the source and drain electrodes may be
reduced to reduce the leakage current. However, the on-
current may be reduced due to an increase in resistance, and
thus a capacitor in a pixel of a large-area display device may
not be charged.

[0052] Hereinafter, the invention will be described in
detail with reference to the accompanying drawings.
[0053] Then, a TFT according to the invention will be
described in detail with reference to FIG. 1.

[0054] FIG. 1 is a cross-sectional view of an exemplary
embodiment of a TFT according to the invention.

[0055] As shown in FIG. 1, in the TFT, a semiconductor
layer 130 is disposed on a substrate 110 including transpar-
ent glass or plastic. The semiconductor layer 130 may
include a polysilicon (poly-Si) or oxide semiconductor. The
oxide semiconductor may include an oxide including tita-
nium (Ti), hafnium (Hf), zirconium (Zr), aluminum (Al),
tantalum (Ta), germanium (Ge), zinc (Zn), gallium (Ga), tin
(Sn), or indium (In) as a basis, and complex oxides thereof,
such as zinc oxide (“Zn0”), indium-gallium-zinc oxide
(“In—Ga—7Zn—0"), indium-zinc oxide (“Zn—In—07),
zine-tin  oxide (“Zn—Sn—0)”, indium-gallium oxide
(“In—Ga—0”), indium-tin oxide (“In—Sn—0”), indium-
zirconium oxide (“In—Zr—0”), indium-zirconium-zinc
oxide (“In—Zr—7n—0”), indium-zirconium-tin oxide
(“In—Zr—Sn—0”),  indium-zirconium-gallium  oxide
(“In—Zr—Ga—0”), indium-aluminum oxide (“In—Al—
07, indium-zinc-aluminum oxide (“In—7Zn—Al—07),
indium-tin-aluminum oxide (“In—Sn—Al—0”), indium-
aluminum-gallium oxide (“In—Al—Ga—0”), indium-tan-
talum oxide (“In—Ta—0O”), indium-tantalum-zinc oxide
(“In—Ta—Zn—0"), indium-tantalum-tin oxide (“In—Ta—
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Sn—0”), indium-tantalum-gallium oxide (“In—Ta—Ga—
0”), indium-germanium oxide (“In—Ge—0"), indium-get-
manium-zinc  oxide  (“In—Ge—Z7n—0”),  indium-
germanium-tin ~ oxide (“In—Ge—Sn—0”), indium-
germanium-gallium oxide (“In—Ge—Ga—0”), titanium-
indium-zinc oxide (“Ti—In—Z7n—0"), and hafnium-
indium-zinc  oxide (“Hf—In—Zn—0"). When the
semiconductor layer 130 includes the oxide semiconductor,
a separate protective layer (not shown) may be added to
protect the oxide semiconductor that is weak to an external
environment such as high temperatures.

[0056] The semiconductor layer 130 includes a source
region 131, a drain region 132, a channel region 133
positioned between the source region 131 and the drain
region 132, and weak electric field regions 134 and 135
positioned between the source region 131 and the channel
region 133 and between the drain region 132 and the channel
region 133.

[0057] The weak electric field regions 134 and 135 respec-
tively separate the source region 131 and the channel region
133, and the drain region 132 and the channel region 133. As
described above, the weak electric field regions 134 and 135
are disposed between the source region 131 and the channel
region 133 and between the drain region 132 and the channel
region 133. Accordingly, when the TFT is in an off-state, an
electron movement path in the semiconductor layer 130 may
be blocked to reduce or effectively prevent a leakage of
electrical current from occurring.

[0058] A first insulating layer 141 including silicon nitride
(SiNx) or silicon oxide (Si0x) is disposed on the substrate
110 and the semiconductor layer 130. A first gate electrode
125 is disposed on the first insulating layer 141. The first
gate electrode 125 is positioned to overlap the channel
region 133. The first gate electrode 125 is connected to a
gate line (not shown) transmitting a gate signal.

[0059] A second insulating layer 142 including silicon
nitride (SiNx) or silicon oxide (SiOx) is disposed on the first
gate electrode 125 and the first insulating to layer 141. The
second insulating layer 142 covers the first gate electrode
125 to insulate the first gate electrode 125 from other
elements of the TFT.

[0060] A second gate electrode 126 is disposed on the
second insulating layer 142. The second gate electrode 126
is positioned to overlap the first gate electrode 125 in a plan
view. An overall length L2 of the second gate electrode 126
may be larger than an overall length L1 of the first gate
electrode 125. The first gate electrode 125 is disposed in an
internal side of the second gate electrode 126, where the
internal side refers to a side closer to the substrate 110. The
second gate electrode 126 includes an overlapping second
gate unit 126a overlapping the first gate electrode 125 in the
plan view, and a non-overlapping second gate unit 1265 not
overlapping (e.g., exposed by) the first gate electrode 125 in
the plan view. The weak electric field regions 134 and 135
of the semiconductor layer 130 are disposed at a position
corresponding to a plurality of non-overlapping second gate
units 1265, respectively. A contact hole 43 is defined in the
second insulating layer 142 and exposes the first gate
electrode 125. The second gate electrode 126 is physically
and/or electrically connected to the first gate electrode 125
through the contact hole 43, which extends completely
through a cross-sectional thickness of the second insulating
layer 142 and exposes the first gate electrode 125.

Mar. 1, 2018

[0061] Accordingly, when a scan signal is applied to the
first gate electrode 125 and the second gate electrode 126,
only the first insulating layer 141 is disposed between the
channel region 133 of the semiconductor layer 130. and the
first gate electrode 125 which overlaps both the overlapping
second gate unit 1264 of the second gate electrode 126 and
the channel region 133. Therefore, a relatively strong elec-
tric field is formed between the first gate electrode 125 and
the channel region 133 of the semiconductor layer 130. The
first insulating layer 141 and the second insulating layer 142
are disposed between the non-overlapping second gate unit
1265 of the second gate electrode 126, and the weak electric
field regions 134 and 135 of the semiconductor layer 130.
Therefore, a relatively weak electric field is formed between
the non-overlapping second gate unit 1265 of the second
gate electrode 126, and the weak electric field regions 134
and 135 of the semiconductor layer 130.

[0062] As described above, the weak electric field regions
134 and 135 exhibit an effect similar to that of an LDD
structure. Accordingly, when the TFT is in an off-state, an
electron movement path of the semiconductor layer 130 is
blocked to reduce or effectively prevent a leakage of elec-
trical current and a hot electron effect, and increase a
breakdown voltage. Further, an on-current is increased in the
channel region 133 of the TFT where the strong electric field
is formed. Therefore, a capacitor in a pixel of a large-area
display device can be effectively charged.

[0063] As described above, the second gate electrode 126
having a portion not overlapping (e.g., exposed by) the first
gate electrode 125 is disposed in the TFT, and the second
gate electrode 126 is connected to the first gate electrode 125
through the contact hole 43 extended through the second
insulating layer 142. Accordingly, the weak electric field
regions 134 and 135 may be disposed in the semiconductor
layer 130 to exhibit the effect similar to that of the LDD
structure, thus reducing the leakage current and the hot
electron effect, and increasing the breakdown voltage.
[0064] A third insulating layer 143 including silicon
nitride (SiNx) or silicon oxide (SiOx) is disposed on the
second gate electrode 126 and the second insulating layer
142. The third insulating layer 143 covers the second gate
electrode 126 to insulate the second gate electrode 126 from
other elements of the TFT.

[0065] A source electrode 176 and a drain electrode 177
are disposed the third insulating layer 143. Contact holes 41
and 42 are defined in the first insulating layer 141, the
second insulating layer 142, and the third insulating layer
143. The source electrode 176 and the drain electrode 177
are connected to the source region 131 and the drain region
132 of the semiconductor layer 130, through the contact
holes 41 and 42 which are extended completely through
cross-sectional thicknesses of each of the first insulating
layer 141, the second insulating layer 142 and the third
insulating layer 143, through which the source region 131
and the drain region 132 of the semiconductor layer 130 are
exposed, respectively.

[0066] An organic light emitting diode display including a
TFT according to the invention will be described below in
detail with reference to FIG. 2.

[0067] FIG. 2 is a cross-sectional view of an exemplary
embodiment of an organic light emitting diode display
including a TFT according to the invention.

[0068] As shown in FIG. 2, the first gate electrode 125 and
a first capacitor plate 25 are disposed on the first insulating
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layer 141 of the TFT shown in FIG. 1, but the invention is
not limited thereto. The first gate electrode 125 and the first
capacitor plate 25 may be in and/or on a same layer of the
organic light emitting diode display. The second insulating
layer 142 is disposed on the first gate electrode 125, the first
capacitor plate 25 and the first insulating layer 141. The
second gate electrode 126 and a second capacitor plate 26
are disposed on the second insulating layer 142. The second
gate electrode 126 and the second capacitor plate 26 may be
in and/or on a same layer of the organic light emitting diode
display. The third insulating layer 143 is disposed on the
second gate electrode 126, the second capacitor plate 26 and
the second insulating layer 142. The source electrode 176,
the drain electrode 177 and a third capacitor plate 27 are
disposed on the third insulating layer 143. The source
electrode 176, the drain electrode 177 and the third capacitor
plate 27 may be in and/or on a same layer of the organic light
emitting diode display. The first capacitor plate 25, the
second capacitor plate 26 and the third capacitor plate 27
overlap each other to collectively form a capacitor Cst.

[0069] As described above, the organic light emitting
diode display includes the capacitor Cst including the sec-
ond capacitor plate 26 disposed in and/or on the same layer
as the second gate electrode 126. Accordingly, a capacity of
the capacitor Cst may be increased to maintain a voltage
applied to the capacitor Cst during one frame.

[0070] A protective layer 180 is disposed on the source
electrode 176, the drain electrode 177, the third capacitor
plate 27 and the third insulating layer 143. A contact hole 81
is defined in the protective layer 180. A pixel electrode 710
is disposed on the protective layer 180. The pixel electrode
710 is physically and/or electrically connected to the drain
electrode 177 through the contact hole 81 disposed extended
completely through the protective layer 180 to become an
anode of an organic light emitting diode 70.

[0071] A pixel defining layer 350 is disposed on the
protective layer 180 and an edge of the pixel electrode 710.
A pixel opening 351 is defined in the pixel defining layer 350
and exposes the pixel electrode 710 therethrough. The pixel
defining layer 350 may include resins such as polyacrylates
or polyimides, and/or silica-based inorganic materials.

[0072] An organic light emitting layer 720 is disposed in
the pixel opening 351 of the pixel defining layer 350. The
organic light emitting layer 720 may be a monolayer, or a
multi-layer structure. In one exemplary embodiment, for
example, the organic light emitting layer 720 includes one or
more of a light emitting layer, a hole injection layer (“HIL”),
a hole transport layer (“HTL”), an electron transport layer
(“ETL”) and an electron injection layer (“EIL”"). When the
organic light emitting layer 720 includes all of the afore-
mentioned layers, the HIL. may be positioned on the pixel
electrode 710 that functions as the anode of the organic light
emitting diode 70. The HTL, the light emitting layer, the
ETL and the EIL may be sequentially laminated thereon.

[0073] A common electrode 730 is disposed on the pixel
defining layer 350 and the organic light emitting layer 720.
The common electrode 730 may be a monolayer, or a
multi-layer structure including a reflective layer including a
reflective material or a semi-penetration layer. The common
electrode 730 becomes a cathode of the organic light emit-
ting diode 70. The pixel electrode 710, the organic light
emitting layer 720 and the common electrode 730 collec-
tively form the organic light emitting diode 70.
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[0074] Only the second gate electrode connected to the
first gate electrode is included the exemplary embodiment
shown in FIG. 1. However, a further exemplary embodiment
is feasible, in which a low resistance member connected to
the second gate electrode is disposed at a position overlap-
ping the second gate electrode on the third insulating layer.

[0075] Hereinafter, another exemplary embodiment of a
TFT according to the invention will be described in detail
with reference to FIG. 3.

[0076] FIG. 3 is a cross-sectional view of another exem-
plary embodiment of a TFT according to the invention.

[0077] The exemplary embodiment in FIG. 3 is substan-
tially the same as the exemplary embodiment shown in FIG.
1, except that a low resistance member is further included.
Accordingly, a repeated description thereof will be omitted.

[0078] As shown in FIG. 3, the third insulating layer 143
is disposed on the second gate electrode 126 and the second
insulating layer 142 of the TFT. The third insulating layer
143 covers the second gate electrode 126 to insulate the
second gate electrode 126.

[0079] The source electrode 176, the drain electrode 177
and a low resistance member 175 are disposed on the third
insulating layer 143. The source electrode 176 and the drain
electrode 177 are connected to the source region 131 and the
drain region 132 of the semiconductor layer 130 through the
contact holes 41 and 42 disposed extended through the first
insulating layer 141, the second insulating layer 142 and the
third insulating layer 143 and through which the source
region 131 and the drain region 132 of the semiconductor
layer 130 are exposed, respectively. In addition, the low
resistance member 175 is disposed at a position overlapping
the second gate electrode 126. A contact hole 44 is defined
in the third insulating layer 143. The low resistance member
175 is physically and/or electrically connected to the second
gate electrode 126 through the contact hole 44 disposed
extended completely through a cross-sectional thickness of
the third insulating layer 143.

[0080] Accordingly, the low resistance member 175, the
second gate electrode 126 and the first gate electrode 125
may be connected to each other to reduce electrical resis-
tance of the first gate electrode 125, thus preventing a
resistive-capacitive (“RC”) delay.

[0081] A further exemplary embodiment is feasible, in
which the first gate electrode is divided into a first sub-gate
electrode and a second sub-gate electrode spaced apart from
each other.

[0082] Hereinafter, still another exemplary embodiment of
a TFT according to the invention will be described in detail
with reference to FIG. 4.

[0083] FIG. 4 is a cross-sectional view of still another
exemplary embodiment of a TFT according to the invention.

[0084] The exemplary embodiment in FIG. 4 is substan-
tially the same as the exemplary embodiment shown in FIG.
1, except that structures of the first gate electrodes are
different. Accordingly, a repeated description thereof will be
omitted.

[0085] As shown in FIG. 4, the semiconductor layer 130
of the TFT includes the source region 131, the drain region
132, the channel region 133 positioned between the source
region 131 and the drain region 132, the weak electric field
regions 134 and 135 positioned between the source region
131 and the channel region 133 and between the drain region
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132 and the channel region 133, and a central weak electric
field region 136 disposed at the center of opposing portions
of the channel region 133.

[0086] The weak electric field regions 134 and 135 sepa-
rate the source region 131 and the channel region 133, and
the drain region 132 and the channel region 133, respec-
tively. Reference numeral 133 may indicate an overall
channel region or may indicate individual portions of an
overall channel region. The central weak electric field region
136 divides the overall channel region 133 into two parts. As
described above, the weak electric field regions 134 and 135
are disposed between the source region 131 and the channel
region 133 and between the drain region 132 and the channel
region 133, and the central weak electric field region 136 is
disposed at the center of the overall channel region 133.
Accordingly, when the TFT is in an off-state, an electron
movement path in the semiconductor layer 130 may be
blocked to further effectively prevent a leakage current from
occurring.

[0087] The first insulating layer 141 including silicon
nitride (SiNx) or silicon oxide (SiOx) is disposed on the
substrate 110 and the semiconductor layer 130. The first gate
electrode 125 is disposed on the first insulating layer 141.
The first gate electrode 125 includes a first sub-gate elec-
trode 125¢ and a second sub-gate electrode 1256 spaced
apart from each other and electrically connected to each
other. FIG. 4 does not show a connection portion between
the first sub-gate electrode 1254 and the second sub-gate
electrode 1255, which electrically connects the first sub-gate
electrode 125a and the second sub-gate electrode 1255.
However, the first sub-gate electrode 1254 and the second
sub-gate electrode 1256 are physically and/or electrically
connected to each other.

[0088] The first sub-gate electrode 125a¢ and the second
sub-gate electrode 1255 are positioned to overlap the indi-
vidual channel regions 133, respectively. The central weak
electric field region 136 is positioned corresponding to an
interval between the first sub-gate electrode 125a and the
second sub-gate electrode 1256 in the plan view.

[0089] The second insulating layer 142 including silicon
nitride (SiNx) or silicon oxide (SiOx) is disposed on the first
gate electrode 125 and the first insulating layer 141. The
second insulating layer 142 covers the first sub-gate elec-
trode 1254 and the second sub-gate electrode 1256 to
insulate the first sub-gate electrode 125a and the second
sub-gate electrode 1255.

[0090] The second gate electrode 126 is disposed on the
second insulating layer 142. The second gate electrode 126
is positioned to overlap both the first sub-gate electrode
125a and the second sub-gate electrode 1255. The overall
length L2 of the second gate electrode 126 may be larger
than the overall length L1 of the first gate electrode 125.
Both the first sub-gate electrode 1254 and the second
sub-gate electrode 1256 are disposed at the internal side of
the second gate electrode 126. The second gate electrode
126 includes overlapping second gate units 126a overlap-
ping the first sub-gate electrode 1254 and the second sub-
gate electrode 1255, and non-overlapping second gate units
1260 not overlapping (e.g., exposed by) the first sub-gate
electrode 1254 and the second sub-gate electrode 1255. The
weak electric field regions 134 and 135 and the central weak
electric field region 136 of the semiconductor layer 130 are
disposed at positions corresponding to the non-overlapping
second gate units 1265. The second gate electrode 126 is
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connected to the first sub-gate electrode 1254 and the second
sub-gate electrode 1256 through the contact hole 43 dis-
posed extended through the second insulating layer 142.
[0091] Accordingly, when a scan signal is applied to the
first gate electrode 125 and the second gate electrode 126,
only the first insulating layer 141 is disposed between the
first sub-gate electrode 1254 connected to overlap the over-
lapping second gate unit 126a and the second sub-gate
electrode 1256, and the channel regions 133. Therefore, a
strong electric field is formed between the first sub-gate
electrode 1254 and the second sub-gate electrode 1255, and
the channel region 133, respectively. The first insulating
layer 141 and the second insulating layer 142 are disposed
between the non-overlapping second gate units 1265, and
the weak electric field regions 134 and 135 and the central
weak electric field region 136. Therefore, a weak electric
field is formed between the non-overlapping second gate
units 1265, and the weak electric field regions 134 and 135
and the central weak electric field region 136.

[0092] As described above, when the TFT is in an off-
state, the weak electric field regions 134 and 135 and the
central weak electric field region 136 block an electron
movement path of the semiconductor layer 130 to further
reduce a leakage of an electrical current and a hot electron
effect, and increase a breakdown voltage.

[0093] The overall length L2 of the second gate electrode
126 is larger than the overall length L1 of the first gate
electrode 125 in the exemplary embodiment of FIG. 4.
However, a further exemplary embodiment is feasible, in
which the overall length of the second gate electrode is
smaller than the overall length of the first gate electrode.
[0094] Hereinafter, yet another exemplary embodiment of
a TFT according to the invention will be described in detail
with reference to FIG. 5.

[0095] FIG. 5 is a cross-sectional view of yet another
exemplary embodiment of a TFT according to the invention.
[0096] The exemplary embodiment in FIG. 5 is substan-
tially the same as the exemplary embodiment shown in FIG.
4, except that the overall length of the second gate electrode
is smaller than the overall length of the first gate electrode.
Accordingly, a repeated description thereof will be omitted.
[0097] As shown in FIG. 5, the semiconductor layer 130
of the TFT includes the source region 131, the drain region
132, the channel region 133 positioned between the source
region 131 and the drain region 132, and the central weak
electric field region 136 disposed at the center of the overall
channel region 133. The central weak electric field region
136 divides the overall channel region 133 into two indi-
vidual parts. As described above, the central weak electric
field region 136 is disposed at the center of the channel
region 133. Accordingly, when the TFT is in an off-state, an
electron movement path in the semiconductor layer 130 may
be blocked to reduce or effectively prevent a leakage of
electrical current from occurring.

[0098] The first insulating layer 141 including silicon
nitride (SiNx) or silicon oxide (SiOx) is disposed on the
substrate 110 and the semiconductor layer 130. The first gate
electrode 125 is disposed on the first insulating layer 141.
The first gate electrode 125 includes the first sub-gate
electrode 125a¢ and the second sub-gate electrode 1256
spaced apart from each other and electrically connected to
each other. FIG. 5 does not show a connection portion
between the first sub-gate electrode 1254 and the second
sub-gate electrode 1255 for an electrical connection ther-
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ebetween. However, the first sub-gate electrode 1254 and the
second sub-gate electrode 1255 are physically and/or elec-
trically connected to each other.

[0099] The first sub-gate electrode 1254 and the second
sub-gate electrode 1255 are positioned to overlap the indi-
vidual channel regions 133 of the overall channel region.
The central weak electric field region 136 is positioned
corresponding to an interval between the first sub-gate
electrode 1254 and the second sub-gate electrode 1255.
[0100] The second insulating layer 142 including silicon
nitride (SiNx) or silicon oxide (SiOx) is disposed on the first
gate electrode 125 and the first insulating layer 141. The
second insulating layer 142 covers the first sub-gate elec-
trode 125a¢ and the second sub-gate electrode 1256 to
insulate the first sub-gate electrode 1254 and the second
sub-gate electrode 1255.

[0101] The second gate electrode 126 is disposed on the
second insulating layer 142. The second gate electrode 126
is positioned to overlap the first sub-gate electrode 1254 and
the second sub-gate electrode 1255. The overall length .2 of
the second gate electrode 126 may be smaller than the
overall length L1 of the first gate electrode 125. A portion of
the first sub-gate electrode 1254 and the second sub-gate
electrode 1255 is disposed at a position corresponding to an
outside of the second gate electrode 126, such that the
second gate electrode 126 exposes portions of the first
sub-gate electrode 1254 and the second sub-gate electrode
125b. The second gate electrode 126 includes overlapping
second gate units 126a overlapping the first sub-gate elec-
trode 125¢ and the second sub-gate electrode 1255, and the
non-overlapping second gate unit 1265 not overlapping
(e.g., exposed by) the first sub-gate electrode 1254 and the
second sub-gate electrode 125b. The central weak electric
field region 136 of the semiconductor layer 130 is disposed
at a position corresponding to the non-overlapping second
gate unit 1265. The second gate electrode 126 is connected
to the first sub-gate electrode 1254 and the second sub-gate
electrode 1256 through the contact hole 43 disposed
extended through the second insulating layer 142.

[0102] Accordingly, when a scan signal is applied to the
first gate electrode 125 and the second gate electrode 126,
only the first insulating layer 141 is disposed between the
first sub-gate electrode 1254 connected to overlap the over-
lapping second gate unit 126a and the second sub-gate
electrode 1255, and the channel region 133. Therefore, a
strong electric field is formed between the first sub-gate
electrode 125a and the second sub-gate electrode 1255, and
the channel region 133. The first insulating layer 141 and the
second insulating layer 142 are disposed between the non-
overlapping second gate unit 1265 and the central weak
electric field region 136. Therefore, a weak electric field is
formed between the non-overlapping second gate unit 1265
and the central weak electric field region 136.

[0103] As described above, when the TFT is in an off-
state, the central weak electric field region 136 blocks an
electron movement path of the semiconductor layer 130 to
further reduce a leakage of electrical current and a hot
electron effect, and increase a breakdown voltage.

[0104] Only the second gate electrode connected to the
first gate electrode is included in the exemplary embodiment
shown in FIG. 5. However, a further exemplary embodiment
1s feasible, in which the low resistance member connected to
the second gate electrode is disposed on the third insulating
layer.
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[0105] Hereinafter, yet another exemplary embodiment of
a TFT according to the invention will be described in detail
with reference to FIG. 6.
[0106] FIG. 6 is a cross-sectional view of yet another
exemplary embodiment of a TFT according to the invention.
[0107] The exemplary embodiment of FIG. 6 is substan-
tially the same as the exemplary embodiment shown in FIG.
5, except that the low resistance member is further included.
Accordingly, a repeated description thereof will be omitted.
[0108] As shown in FIG. 6, the third insulating layer 143
is disposed on the second gate electrode 126 and the second
insulating layer 142 of the TFT. The third insulating layer
143 covers the second gate electrode 126 to insulate the
second gate electrode 126.
[0109] The source electrode 176, the drain electrode 177
and the low resistance member 175 are disposed on the third
insulating layer 143. The source electrode 176 and the drain
electrode 177 are connected to the source region 131 and the
drain region 132 of the semiconductor layer 130 through the
contact holes 41 and 42 disposed extended through the first
insulating layer 141, the second insulating layer 142 and the
third insulating layer 143, and through which the source
region 131 and the drain region 132 of the semiconductor
layer 130 are exposed, respectively. In addition, the low
resistance member 175 is disposed at a position overlapping
the second gate electrode 126. The low resistance member
175 is connected to the second gate electrode 126 through
the contact hole 44 disposed extended through the third
insulating layer 143.
[0110] Accordingly, the low resistance member 175, the
second gate electrode 126 and the first gate electrode 125
may be connected to each other to reduce resistance of the
first gate electrode 125, thus preventing an RC delay.
[0111] While the invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention
is not limited to the disclosed exemplary embodiments, but,
on the contrary, is intended to cover various modifications
and equivalent arrangements included within the spirit and
scope of the appended claims.
What is claimed is:
1. A thin film transistor comprising:
a substrate;
a semiconductor layer on the substrate;
a gate electrode overlapping the semiconductor layer
while being insulated from the semiconductor layer;
a conductor electrically connected with the gate electrode
and overlapped with the gate electrode; and
a source electrode and a drain electrode electrically con-
nected to the semiconductor layer while being insulated
from the gate electrode,
wherein the conductor is provided on a same layer as the
source electrode and the drain electrode, and a length of
the conductor is larger than that of the gate electrode.
2. The thin film transistor of claim 1, wherein the same
layer on which the conductor, the source electrode and the
drain electrode are provided comprises an insulating layer
which is disposed between the gate electrode and the con-
ductor, the insulating layer extending from the conductor to
be overlapped by each of the source electrode and the drain
electrode.
3. The thin film transistor of claim 1, wherein the con-
ductor comprises a first conductor that is electrically con-
nected with the gate electrode.
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4. The thin film transistor of claim 3, wherein the con-
ductor further comprises a second conductor electrically
connected with the first conductor and the gate electrode, the
second conductor disposed between the first conductor and
the gate electrode.

5. The thin film transistor of claim 4, wherein the second
conductor comprises an overlapping portion which overlaps
the gate electrode and a non-overlapping portion which does
not overlap the gate electrode.

6. The thin film transistor of claim 5, wherein the semi-
conductor layer comprises:

a source region which contacts the source electrode;

a drain region which contacts the drain electrode;

a channel region which is provided between the source

region and the drain region; and

aweak electric field region which is disposed correspond-

ing to the non-overlapping portion of the second con-
ductor.

7. The thin film transistor of claim 6, wherein within the
semiconductor layer, the weak electric field region is dis-
posed between the source region and the channel region and
between the drain region and the channel region.

8. The thin film transistor of claim 7, wherein

the source region in contact with the source electrode is

disposed non-overlapping with the overlapping portion
and the non-overlapping portion of the second conduc-
tor,

Mar. 1, 2018

the drain region in contact with the drain electrode is
disposed non-overlapping with the overlapping portion
and the non-overlapping portion of the second conduc-
tor, and

the weak electric field region disposed corresponding to
the non-overlapping portion of the second conductor
extends from the channel region to an outer edge of the
non-overlapping portion of the second conductor.

9. The thin film transistor of claim 4, further comprising
a first insulating layer which is disposed between the first
conductor and the second conductor, the first insulating layer
extending to be overlapped by each of the source electrode
and the drain electrode.

10. The thin film transistor of claim 9, further comprising
a second insulating layer which is disposed between the
second conductor and the gate electrode, the second insu-
lating layer extending to be overlapped by each of the source
electrode and the drain electrode.

11. An organic light emitting diode display comprising;

the thin film transistor of claim 1;

a capacitor; and

an organic light emitting diode connected to the thin film
transistor.
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