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THIN FILM TRANSISTOR ARRAY
SUBSTRATE, ORGANIC LIGHT-EMITTING
DISPLAY APPARATUS AND METHOD OF
MANUFACTURING THE THIN FILM
TRANSISTOR ARRAY SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0133831, filed on
Nov. 5, 2013 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of one or more embodiments of the present
invention relate to a thin film transistor array substrate, an
organic light-emitting display apparatus, and a method of
manufacturing the thin film transistor array substrate.

[0004] 2. Description of the Related Art

[0005] A thin film transistor array substrate including thin
film transistors, capacitors, and wiring connecting the thin
film transistors and the capacitors is widely used in flat dis-
play apparatuses, such as liquid crystal display apparatuses or
organic light-emitting display apparatuses. An organic light-
emitting display apparatus including the thin film transistor
array substrate defines each pixel by arranging a plurality of
gate lines and data lines in a form of a matrix. Each pixel
includes a thin film transistor, a capacitor, and an organic
light-emitting device connected to the thin film transistor. The
organic light-emitting device emits light by receiving an
appropriate driving signal from the thin film transistor and the
capacitor. Thus, a desired image may be displayed.

SUMMARY

[0006] One or more embodiments of the present invention
include a light-emitting display apparatus having excellent
device characteristics and display quality. Additional aspects
will be set forth in part in the description that follows and, in
part, will be apparent from the description, or may be learned
by practice of the presented embodiments.

[0007] According to an embodiment of the present inven-
tion, a thin film transistor array substrate is provided. The thin
film transistor array substrate includes: a substrate; a bottom
gate electrode including a gate area doped with ion impurities
and undoped areas on left and right sides of the gate area; an
active layer on the bottom gate electrode with a first insulating
layer therebetween and including a source contact region, a
drain contact region, and an oxide semiconductor region; a
top gate electrode on the active layer with a second insulating
layer therebetween; and a source electrode in contact with the
source contact region and a drain electrode in contact with the
drain contact region, the source electrode and the drain elec-
trode being on the top gate electrode with a third insulating
layer therebetween. The oxide semiconductor region is
between the source contact region and the drain contact
region.

[0008] The gate area may not overlap the source contact
region or the drain contact region.

[0009] Thebottom gate electrode and the top gate electrode
may be connected to each other.

[0010] The bottom gate electrode may include amorphous
silicon or poly silicon.
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[0011] A thickness ofthe first insulating layer or the second
insulating layer may be less than or equal to a thickness of the
third insulating layer.

[0012] A thickness of the top gate electrode may be greater
than or equal to a thickness of the source contact region or the
drain contact region.

[0013] A length of the oxide semiconductor region may be
less than or equal to a threshold value.

[0014] The oxide semiconductor region may include at
least one oxide selected from gallium indium zinc oxide
(G-I—7—0), zinc (Zn), indium (In), gallium (Ga), tin (Sn)
cadmium (Cd), germanium (Ge), hafhium (Hf), or a combi-
nation thereof.

[0015] According to another embodiment of the present
invention, an organic light-emitting display apparatus is pro-
vided. The organic light-emitting display apparatus includes:
a first transistor including a bottom gate electrode, a first
active layer including a contact region and an oxide semicon-
ductor region, a top gate electrode, a first source electrode,
and a first drain electrode; a second transistor including a
second active layer of a same layer and of a same material as
the bottom gate electrode, a gate electrode of'a same layer and
of a same material as the contact region, and a second source
electrode and a second drain electrode of a same layer and of
a same material as the first source electrode and the first drain
electrode; and a light-emitting device including a pixel elec-
trode, an interlayer, and a counter electrode. The oxide semi-
conductor region is between a source contact region and a
drain contact region of the contact region. A region of the
bottom gate electrode not overlapping the source contact
region or the drain contact region is doped with ion impuri-
ties.

[0016] Thebottom gateelectrode may include a gate area of
a silicon semiconductor and doped with ion impurities, and
undoped areas on left and right sides of the gate area.

[0017] The first transistor may be a driving transistor of the
organic light-emitting display apparatus. The second transis-
tor may be a switching transistor of the organic light-emitting
display apparatus.

[0018] The first source electrode and the first drain elec-
trode may not overlap the doped region of the bottom gate
electrode.

[0019] The organic light-emitting display apparatus may
further include a capacitor. The capacitor may include a first
electrode of the same layer and of the same material as the
contact region, and a second electrode of a same layer and of
a same material as the top gate electrode.

[0020] The capacitor may further include a third electrode
of the same layer and of the same material as the first source
and first drain electrodes.

[0021] The bottom gate electrode may include amorphous
silicon or poly silicon.

[0022] The second transistor may include an auxiliary gate
electrode of asame layer and of a same material as the top gate
electrode.

[0023] Inyet another embodiment of the present invention,
a method of manufacturing a thin film transistor array sub-
strate is provided. The method includes: patterning a silicon
layer formed on a substrate to form a bottom gate electrode;
forming a first insulating layer on the patterned silicon layer;
patterning a first conducting layer formed on the first insulat-
ing layer to form a source contact region and a drain contact
region; doping ion impurities on the bottom gate electrode
using the source contact region and the drain contact region as
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a mask; patterning an oxide semiconductor layer formed on
the first conducting layer to form an oxide semiconductor
region between the source contact region and the drain con-
tactregion; forming a second insulating layer on the patterned
first conducting layer and the patterned oxide semiconductor
layer; forming a top gate electrode on the second insulating
layer; forming a third insulating layer on the top gate elec-
trode; forming contact holes in the third insulating layer and
the second insulating layer corresponding to the source con-
tactregion and the drain contact region; and forming a source
electrode and a drain electrode respectively in contact with
the source contact region and the drain contact region through
the contact holes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] These and other aspects will become more apparent
and more readily appreciated from the following description
of example embodiments, taken in conjunction with the
accompanying drawings in which:

[0025] FIG. 1 is a plan view schematically illustrating an
organic light-emitting display apparatus according to an
embodiment of the present invention;

[0026] FIG.2illustrates an example of an equivalent circuit
of a single pixel according to an embodiment of the present
invention;

[0027] FIGS.3A and 3B illustrate comparative examples of
thin film transistors;

[0028] FIG. 4isa cross-sectional view schematically illus-
trating an organic light-emitting display apparatus according
to an embodiment of the present invention;

[0029] FIGS.5A to 5F arediagrams illustrating a method of
manufacturing the organic light-emitting display apparatus of
FIG. 4;

[0030] FIG. 6 is a cross-sectional view schematically illus-
trating an organic light-emitting display apparatus according
to another embodiment of the present invention; and

[0031] FIG. 7is a cross-sectional view schematically illus-
trating an organic light-emitting display apparatus according
to yet another embodiment of the present invention.

DETAILED DESCRIPTION

[0032] Reference will now be made in detail to example
embodiments, as illustrated in the accompanying drawings,
wherein like reference numerals refer to like elements
throughout. In this regard, the present invention may have
different forms and should not be construed as being limited
to the embodiments set forth herein. Accordingly, the descrip-
tion of the embodiments, with reference to the figures, better
explain aspects of the present invention.

[0033] While the invention is amenable to various modifi-
cations and alternative forms, specific embodiments have
been shown by way of example in the drawings and are
described in detail below. Aspects and features of the present
invention, and implementation methods thereof, will be clari-
fied through the following embodiments described with ref-
erence to the accompanying drawings. Like reference numer-
als in the drawings denote like elements. Accordingly, their
descriptions may not be repeated.

[0034] It will be understood that although the terms “first,”
“second,” etc., may be used herein to describe various com-
ponents, these components should not be limited by these
terms. These components are only used to distinguish one
component from another. As used herein, the singular forms
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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” or “compris-
ing” used herein specify the presence of stated features or
components, but do not preclude the presence or addition of
one or more other features or components.

[0035] It will be understood that when a layer, region, or
component is referred to as being “formed on,” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. That is, for example,
intervening layers, regions, or components may be present.
Sizes of elements in the drawings may be exaggerated for
convenience of explanation. In other words, since sizes and
thicknesses of components in the drawings are arbitrarily
illustrated for convenience of explanation, the embodiments
of the present invention are not limited thereto.

[0036] Different embodiments may be implemented differ-
ently, such as following different process orders. For
example, consecutively described process steps may, in other
embodiments, be performed substantially at the same time or
performed in an order opposite to the described order. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items. Expressions
such as “at least one of,” when preceding a list of elements,
modify the entire list of elements and do not modify the
individual elements of the list.

[0037] Herein, the use of the term “may,” when describing
embodiments of the present invention, refers to “one or more
embodiments of the present invention.” In addition, the use of
alternative language, such as “or,” when describing embodi-
ments of the present invention, refers to “one or more embodi-
ments of the present invention” for each corresponding item
listed.

[0038] FIG. 1 is a plan view schematically illustrating an
organic light-emitting display apparatus 1 according to an
embodiment of the present invention.

[0039] Referringto FIG. 1, adisplay area DA for displaying
an image includes a plurality of pixels P and is formed on a
substrate 10 of the organic light-emitting display apparatus 1.
The display area DA is formed inside an area delimited by a
sealing line SL, and a sealing member seals the display area
DA along the sealing line SL. Thin film transistors and
organic light-emitting devices constitute the plurality of pix-
els P and are arranged in the display area DA.

[0040] FIG. 2illustrates an example of an equivalent circuit
of a single pixel P according to an embodiment of the present
invention.

[0041] Each of the plurality of pixels P may include a
switching transistor M1, a driving transistor M2, a storage
capacitor Cst, and an organic light-emitting device OLED.
According to an embodiment of the present invention, when
asignal of a scan line Sn is activated, a voltage level of a data
line Dm is stored in the storage capacitor Cst through the
switching transistor M1. The driving transistor M2 generates
alight-emitting current I, .., according to a gate-source volt-
age Vgs determined by the voltage level stored in the storage
capacitor Cst, and outputs the current I, ., to the organic
light-emitting device OLED. According to an embodiment of
the present invention, the organic light-emitting device
OLED may be an organic light-emitting diode.

[0042] In order to drive the organic light-emitting device
OLED, the switching transistor M1 may be sequentially
turned on (for example, with respect to the switching transis-
tors M1 in pixels P of other rows of the display area DA) and
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turned off by a gate signal, which is applied to the scan line Sn
in a set or predetermined period of time. Concurrently (e.g.,
simultaneously), a data voltage, which is applied to the data
line Dm, may be stored in the storage capacitor Cst connected
to the driving transistor M2 while the switching transistor M1
is turned on. The switching transistor M1 and the driving
transistor M2 may each be a thin film transistor.

[0043] However, since a voltage drop occurs in the scan line
Sn as the resolution and size of the organic light-emitting
display apparatus 1 increase, switching transistors M1
included in, for example, the same row of pixels P may not be
turned on/off together in a set or predetermined period of
time. To alleviate this, high conductivity wiring may be used
or a thickness of the wiring may be increased in order to
decrease resistance of the wiring, such as for the scan line Sn.
In addition, a thickness of an insulator may be increased, or
parasitic capacitance of a thin film transistor connected to the
lines may be decreased in order to decrease parasitic capaci-
tance generated between overlapping wiring.

[0044] FIGS. 3A and 3B illustrate comparative examples of
thin film transistors. In referring to Comparative Examples 1
and 2 of FIGS. 3 A and 3B, respectively, descriptions unnec-
essary for the comparison with embodiments of the present
invention may be omitted.

[0045] FIG. 3A illustrates a thin film transistor prepared
according to Comparative Example 1.

[0046] The thin film transistor having a top-gate structure
shown in FIG. 3A includes a single silicon active layer 312 as
an active layer on a buffer layer 111 and a substrate 110. The
silicon active layer 312 may be formed of a semiconductor
including amorphous silicon or poly silicon. The silicon
active layer 312 may include a channel area L, in the center
and doping areas L1 outside the channel area L. doped with
ion impurities. Here, the doping areas 1.1 may include a
source area (L1 on the left) and a drain area (.1 on the right),
and conductivity of the doping area [.1 may increase since N*
or P* ion impurities are doped by having a gate electrode 314
on the channel area L, serve as a mask.

[0047] Thesiliconactive layer 312 may be formed of amor-
phous silicon or poly silicon. Here, poly silicon may be
formed by crystallizing amorphous silicon. A method of crys-
tallizing amorphous silicon may be performed by rapid ther-
mal annealing (RTA), solid phase crystallization (SPC), exci-
mer laser annealing (ELA), metal induced crystallization
(MIC), metal induced lateral crystallization (MILC), or
sequential lateral solidification (SLS). The doping areas L1 of
the silicon active layer 312 may contact a source electrode
319¢ and a drain electrode 3195 through contactholes formed
in a first insulating layer 113 and a second insulating layer
116.

[0048] The silicon active layer 312 has excellent electron
mobility, but when current leakage occurs at a high voltage, a
voltage stored in the storage capacitor Cst may be changed or
reduced during operation of the thin film transistor. Thus, a
size of the storage capacitor Cst needs to be increased to
prevent the change in the voltage, but increasing a size of the
storage capacitor Cst causes a decrease in an opening ratio or
aperture of the organic light-emitting display apparatus 1.
Thus, lifespan of the organic light-emitting display apparatus
1 decreases, and power consumption increases due to an
increase in driving voltage. Therefore, in embodiments of the
present invention, an oxide semiconductor with excellent cur-
rent leakage suppressing characteristics while having low
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electron mobility may be used as an active layer of a switch-
ing transistor to suppress occurrence of current leakage.
[0049] FIG. 3B illustrates a thin film transistor prepared
according to Comparative Example 2.

[0050] Thethin film transistor shown in FIG. 3B includes a
gate electrode 322 formed on a buffer layer 111 and a sub-
strate 110. In addition, an oxide active layer 324 is formed on
the gate electrode 322 with a first insulating layer 113 ther-
ebetween.

[0051] The oxide active layer 324 may include an oxide
semiconductor. For example, the oxide active layer 324 may
include an (In,0,),(Ga,0,),(Zn0), (G-1—7—0) layer
(where a, b, and ¢ are numbers respectively satisfying condi-
tions of and ¢>0), and in addition, may include an oxide of a
material selected from the group consisting of Groups 12, 13,
and 14 metallic elements, such as zinc (Zn), indium (In),
gallium (Ga), tin (Sn), cadmium (Cd), germanium (Ge), or
hafnium (Hf), and a combination thereof.

[0052] A secondinsulating layer 116 is formed on the oxide
active layer 324, and the oxide active layer 324 contacts a
source electrode 329a and a drain electrode 3294 through
contact holes formed in the second insulating layer 116. In
comparable thin film transistors to the thin film transistor
shown in FIG. 3B, the second insulating layer 116 may serve
as an etch stop layer for protecting the oxide active layer 324
while patterning the source electrode 329¢ and the drain
electrode 3295.

[0053] The thin film transistor in FIG. 3B includes overlap
areas Lov in which the gate electrode 322 overlaps with the
source electrode 329a or the drain electrode 3295 with an
insulating layer therebetween. The gate electrode 322,
together with the source electrode 3294 and the drain elec-
trode 3295 in the overlap areas Lov serve as capacitors and
generate parasitic capacitance. This causes a voltage drop
(RC load) when operating the organic light-emitting display
apparatus 1. As shown in FIG. 3B, when the bottom gate thin
film transistor structure is turned on, the gate electrode 322,
the first insulating layer 113, and the oxide active layer 324
form a capacitor with the oxide active layer 324 serving as a
conductor. In addition, when turned off, parasitic capacitance
is generated by the oxide active layer 324, the second insu-
lating layer 116, and the source and drain electrodes 3294 and
3295 that form capacitors.

[0054] Therefore, when the thin film transistor of FIG. 2 is
the oxide transistor shown in FIG. 3B, resistance in the lines
increases due to parasitic capacitance from turning the thin
film transistor on or off. In a large-size high-resolution dis-
play, turning the switching transistor M1 on and off may be
impossible ina short period of time due to signal delay caused
by the resistance and the parasitic capacitance. In addition,
when storing a signal voltage of the data line Dm in the
storage capacitor Cst connected to the driving transistor M2,
time to charge a data voltage may be insufficient due to the
signal delay caused by the resistance and the parasitic capaci-
tance of the data line Dm.

[0055] When a thickness of the first insulating layer 113 is
increased to reduce the parasitic capacitance, a turned-on
current of the thin film transistor reduces. Thus, the storage
capacitor Cst that is used for the pixel P connected to the
switching transistor M2 may not be charged in a short period
of time. In addition, in order to reduce the signal delay, a
thickness of the signal line, such as the gate electrode 322,
may be increased, but then a thickness of the first insulating
layer 113 also needs to be increased to prevent short circuits.
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Thus, current driving capability of the oxide transistor shown
in FIG. 3B decreases and a charging time of the storage
capacitor Cst increases.

[0056] That is, the resistance may be decreased by increas-
ing thicknesses of metal lines (such as the gate electrode, the
source electrode, and the drain electrode), but in reference to
FIG. 3B, when a thickness of the gate electrode 322 increases,
athickness of the insulating layer 113 needs to be increased to
prevent short circuits. Consequently, a charging time of the
storage capacitor Cst increases as current driving capability
of the oxide transistor shown in FIG. 3B decreases. Thus,
implementing a large-size high-resolution display may be
difficult.

[0057] Inanother comparable thin film transistor including
the oxide active layer 324, a thin film transistor having a
top-gate structure as shown in FIG. 3A may be used to reduce
parasitic capacitance caused by the overlap described above.
That is, an oxide active layer may be used instead of the
silicon active layer 312 shown in FIG. 3A. In this regard,
resistance of the doping area L1 may be decreased and con-
ductivity of the doping area .1 may be increased by doping
areas other than the channel area L, by using the gate elec-
trode as a mask. However, the thin film transistor having the
top-gate structure may be difficult to decrease resistances of
the source area L1 and the drain area L1 by performing
doping, unlike a transistor having the oxide active layer 324,
and when ion-doping is performed to increase the conductiv-
ity, property variation of the thin film transistor may occur or
reliability of the thin film transistor may be reduced.

[0058] Inaddition, the oxide active layer thin film transistor
shown in FIG. 3B may not reduce a length of the channel area
L, to a standard value or more due to the problems of a
process. Therefore, an area occupied by the thin film transis-
tor in the organic light-emitting display apparatus 1 is
enlarged, and this may cause a decrease in an opening ratio (or
aperture) and difficult operation of a large-sized thin film
transistor.

[0059] In embodiments of the present invention, since the
organic light-emitting display apparatus 1 includes thin film
transistors in which parasitic capacitance is decreased, cur-
rent flowing through the thin film transistors is increased
when the thin film transistors are turned on, and current
leakage is decreased when the thin film transistors are turned
off, compared to the thin film transistors according to Com-
parative Examples 1 and 2 shown in FIGS. 3A and 3B.
Accordingly, operation of a large-size display apparatus is
possible.

[0060] FIG. 4 is a cross-sectional view schematically illus-
trating the organic light-emitting display apparatus 1 accord-
ing to an embodiment of the present invention.

[0061] The organic light-emitting display apparatus 1
includes a light-emitting device 25 in a pixel area PXL, a first
transistor 21 in a first transistor area TR1, a second transistor
22 in a second transistor area TR2, and a capacitor 23 in a
capacitor area CAP. Referring to FIGS. 4 and 2, the first
transistor 21 corresponds to the driving transistor M2, the
second transistor 22 corresponds to the switching transistor
M1, and the capacitor 23 corresponds to the storage capacitor
Cst.

[0062] The first transistor 21 is formed on a substrate 110
and a buffer layer 111, and includes a bottom gate electrode
212, afirst insulating layer 113, active layers 214a, 2145, and
215, asecond insulating layer 116, a top gate electrode 217, a
third insulating layer 118, a source electrode 219a, and a drain
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electrode 2194. The substrate 110 may be formed of a glass
substrate or a plastic substrate including polyethylen tereph-
thalate (PET), polyethylen naphthalate (PEN), or polyimide.
[0063] The buffer layer 111 for forming a flat surface and
blocking penetration of impurity elements may be further
included on a top of the substrate 110. The buffer layer may
have a structure of a single layer or multiple layers formed of
silicon nitride and/or silicon oxide.

[0064] The bottom gate electrode 212 is disposed on the
buffer layer 111. The bottom gate electrode 212 includes
amorphous silicon or poly silicon. Here, the bottom gate
electrode 212 includes a gate area 212¢ that is doped with N*
or P* ionimpurities and undoped areas 212a and 2125 that are
not doped with ion impurities. The undoped area 212a on the
left overlaps a source contact region 214a, and the undoped
area 212b on the right overlaps a drain contact region 2144,
[0065] Since the gate area 212¢ is doped with ion impuri-
ties, conductivity of the gate area 212¢ increases and electron
mobility of the gate area 212¢ is excellent. Thus, the gate area
212¢ operates as a bottom gate. In addition, the source and
drain areas 212a and 2125 are undoped and overlap only a
small portion of the source contact region 214« or the drain
contact region 2145, which are formed of metal. Thus, para-
sitic capacitance is reduced or minimized in the undoped
areas 212a and 2124,

[0066] The first insulating layer 113 is disposed on the
bottom gate electrode 212. The first insulating layer 113 has
a structure of a single layer or multiple layers formed of an
inorganic insulating layer, and examples of the inorganic
insulating layer forming the first insulating layer 113 may
include Si0,, SIN,, SiON, Al,0;, Ti0,, Ta,O,, HfO,, Z10,,
BST, and PZT.

[0067] The active layers 214a, 2145, and 215 are disposed
on the first insulating layer 113. The active layers 214a,2145,
and 215 include the source contact region 214a, the drain
contact region 2145, and an oxide semiconductor region 215.
The oxide semiconductor region 215 may be disposed in a
space between the source contact region 214¢ and the drain
contact region 2144.

[0068] The source contact region 214a and the drain con-
tact region 214b are formed of a material having a high
conductivity. For example, each of the source contact region
214a and the drain contact region 2145 may have a structure
of asingle layer or multiple layers formed of at least one metal
selected from aluminum (Al), platinum (Pt), palladium (Pd),
silver (Ag), magnesium (Mg), gold (Au), nickel (Ni), neody-
mium (Nd), iridium (Ir), chrome (Cr), lithium (Li), calcium
(Ca), molybdenum (Mo), titanium (T1), tungsten (W), and
copper (Cu). The source contact region 214a and the drain
contact region 2145 may be respectively connected to the
source electrode 219a and the drain electrode 2195 through
contact holes.

[0069] Theoxide semiconductor region 215 disposed in the
space between the source contact region 214a and the drain
contact region 214H may include an oxide semiconductor. For
example, the oxide semiconductor 215 may include an
(In,05),(Ga,0,),(Zn0), (G-1—7—O0) layer (where a, b, and
¢ are numbers respectively satisfying conditions of az0, b=0,
and ¢>0), and in addition, may include an oxide of a material
selected from the group consisting of Groups 12, 13, and 14
metallic elements, such as zinc (Zn), indium (In), gallium
(Ga), tin (Sn), cadmium (Cd), germanium (Ge), or hafnium
(Hf), and a combination thereof. The oxide semiconductor
region 215 forms a channel area of the first transistor 21.
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[0070] In the first transistor 21, channel length may be
reduced up to 5 pm to 7 um in a manufacturing process when
the oxide semiconductor region 215 disposed between the
source contact region 214¢ and the drain contact region 2145
is used as a channel of the thin film transistor, and the source
contact region 214a and the drain contact region 2145 are
formed before the oxide semiconductor region 215. There-
fore, unlike the comparable transistors illustrated in FIG. 3A
or FIG. 3B, a length of the semiconductor region 215, i.e., a
channel length, may be decreased to a length less than or
equal to a threshold length. Thus, as a size of the transistor is
reduced, capacitance formed by the channel of the transistor
decreases. In addition, on-current of the transistor increases
as resistance of the transistor channel decreases due to a
reduction in the length of the channel. Thus, when the tran-
sistor is used as a switching device, a high-speed operation of
an apparatus may be enabled as resistance and capacitance
decrease.

[0071] The second insulating layer 116 is disposed on the
active layer 214a, 2145, and 215. The second insulating layer
116 may be formed as asingle layer or multiple layers formed
of at least one inorganic insulating layer, wherein examples of
the inorganic insulating layer forming the second insulating
layer 116 may include Si0,, SiN_, SiON, Al, 05, Ti0,, Ta, O,
HfO,, 7rO,, BST, and PZT.

[0072] The thickness of the first insulating layer 113 or the
second insulating layer 116 according to an embodiment of
the present invention may be reduced less than that of a
conventional thin film transistor. In addition, the thickness of
the first insulating layer or the second insulating layer is less
than or equal to a thickness of the third insulating layer 118.
The thickness of the conventional thin film transistor is diffi-
cult to reduce to a certain thickness or less.

[0073] In the conventional thin film transistor, when the
thickness of the first insulating layer 113 or the second insu-
lating layer 116 is increased to decrease parasitic capacitance,
on-current may be reduced (where the on-current is current
that flows when the thin film transistor operates). However,
according to an embodiment of the present invention, in the
bottom gate electrode 212, only the gate area 212¢, which is
an area not overlapping the source contact region 214a or the
drain contact region 2145 (which serve as conductors), is
doped and serves as a conductor. Thus, the parasitic capaci-
tance may not be increased, so a thickness of the first insu-
lating layer 113 or the second insulating layer 116 may be
reduced.

[0074] Therefore, when the first insulating layer 113 or the
second insulating layer 116 with a reduced thickness is used,
ahigh-capacity current may be formed in a thin film transistor
having a small area. Accordingly, the area occupied by the
thin film transistor in an organic light-emitting display appa-
ratus is reduced. Thus, an RC delay phenomenon generated
during an operation of a large-size display may be reduced.
Therefore, a high-speed operation of the organic light-emit-
ting display apparatus is enabled. Additionally, when a large-
size high-resolution display is formed, the area occupied by
the thin film transistor may be reduced. Thus, an opening ratio
(e.g., aperture) increases, and a decrease in a driving voltage
according to the increase of the opening ratio and an increase
in lifespan of the organic light-emitting display apparatus
may be expected.

[0075] Thetop gate electrode 217 is disposed on the second
insulating layer 116. The top gate electrode 217 has a struc-
ture of a single layer or multiple layers formed of at least one
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metal selected from, for example, aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chrome
(Cr), lithium (L), calcium (Ca), molybdenum (Mo), titanium
(Ti), tungsten (W), and copper (Cu). In addition, the top gate
electrode 217 may form dual wiring by being connected to the
bottom gate electrode 212, and the same signal with the
bottom gate electrode 212 may be applied to the top gate
electrode 217. A thickness of the top gate electrode 217 may
be increased to reduce resistance. For example, the thickness
of the top gate electrode 217 may be greater than or equal to
a thickness of the source contact region 214a or the drain
contact region 2144.

[0076] According to an embodiment of the present inven-
tion, the top gate electrode 217 having a low resistance may
be included in the organic light-emitting display apparatus 1
in addition to the bottom gate electrode 212 having a higher
resistance. Thus, resistance problems that may be caused
when wiring is only done with the bottom gate electrode 212
of a silicon material may be resolved. In addition, once elec-
trons are injected by a voltage applied to the bottom gate
electrode 212 formed of a high-resistant silicon material, a
current increases and a high-speed operation of the display
apparatus may be enabled as more electrons may be injected
to a channel by a voltage applied to the additionally formed
top gate electrode 217 having a low resistance.

[0077] In the top gate oxide transistor having a structure
shown in FIG. 3A the gate electrode 314, the source electrode
319a, and the drain electrode 3195 do not overlap. Thus,
parasitic capacitance of the transistor is reduced, but on-
current of the transistor decreases due to a significantly high
resistance of the doped silicon contact areas (corresponding
to the doping areas L) since a gate voltage is not applied to
these contact areas of the source electrode 3194 and the drain
electrode 3195 but rather only to a channel area (correspond-
ing to channel area ;) between the contact (doped) areas
under the gate electrode 314. In addition, in the oxide thin film
transistor as shown in FIG. 3B, an on-current reduction phe-
nomenon caused by contact resistance (such as contact resis-
tance of the source electrode 3294 or the drain electrode 3295
and the active layer 324) generated when only the bottom gate
electrode 322 is used may occur.

[0078] However, the first transistor 21 shown in FIG. 4
includes the bottom gate electrode 212 and the top gate elec-
trode 217 at the same time. Thus, contact resistance is
reduced. Therefore, on-current of the first transistor 21
increases compared to that of the conventional thin film tran-
sistor. Thus, a high-speed operation of a large-size high-
resolution display is enabled.

[0079] The third insulating layer 118 is disposed on the top
gate electrode 217. The third insulating layer 118 having a
structure of a single layer or multiple layers is formed of an
inorganic insulating layer, and examples of the inorganic
insulating layer forming the third insulating layer may
include Si0,, SIN, SiON, Al,0,, TiO,, Ta,0s, HfO,, Zr0,,
BST, and PZT.

[0080] According to an embodiment of the present inven-
tion, the third insulating layer 118 may be formed thicker than
the first insulating layer 113 or the second insulating layer
116. Since the third insulating layer 118 is disposed on the top
gate electrode 217, parasitic capacitance may be reduced or
minimized by forming the third insulating layer 118 thick
while not affecting current when operating the thin film tran-
sistor. In addition, as described above, when the top gate
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electrode 217 is formed thick, the third insulating layer 118
may be formed thick in order to sufficiently cover (insulate)
the top gate electrode 217.

[0081] The source electrode 219a and the drain electrode
219) are disposed on the third insulating layer 118. The
source electrode 2194 and the drain electrode 2195 are
respectively connected to the source contact region 214a and
the drain contact region 2145 through contact holes prepared
in the third insulating layer 118 and the second insulating
layer 116.

[0082] The source electrode 2194 and the drain electrode
219 may have a structure of at least two metal layers having
different electron mobilities. For examples, the at least two
metal layers may be selected from aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), 74400151440 iridium
(Ir), chrome (Cr), lithium (Li), calcium (Ca), molybdenum
(Mo), titanium (T1), tungsten (W), copper (Cu), and an alloy
thereof.

[0083] When only the gate area 212¢ of the bottom gate
electrode 212 is doped with N* or P* ion impurities as in the
first transistor 21, the gate area 212¢ has a high electron
mobility, and the undoped areas 212q and 2125 serve as an
insulator. Thus, areas of the source contact region 214a and
the drain contact region 2145 in the gate area 212c¢ of the
bottom gate electrode 212 do not form parasitic capacitance.
[0084] In addition, on-current of the first transistor 21 may
be increased by reducing resistance between the source elec-
trode 219« or the drain electrode 2195 and the oxide semi-
conductor region 215 operating as a channel area as the
source contact region 2144 and the drain contact region 2145
of the first transistor 21 are formed of a conductor having a
high conductivity. Thatis, a device reliability may improve at
the same time of increasing conductivity compared to doping
an oxide semiconductor with ion impurities.

[0085] Inaddition, the first transistor 21 has the oxide semi-
conductor region 215 in the channel area. Thus, current leak-
age when the thin film transistor is OFF may be suppressed
more than when the channel area only includes silicon.
[0086] The second transistor 22 located in the second tran-
sistor area TR2 includes an active layer 222, a gate electrode
224, an auxiliary gate electrode 227, a source electrode 2294,
and a drain electrode 2295. In addition, descriptions of the
substrate 110, the buffer layer 111, the first insulating layer
113, the second insulating layer 116, and the third insulating
layer 118 are substantially the same as those in the first
transistor 21 described above. Accordingly. these descrip-
tions are not repeated.

[0087] The active layer 222 of the second transistor 22
includes amorphous silicon or polysilicon as with the bottom
gate electrode 212 of the first transistor 21. The active layer
222 includes a source area 222q and a drain area 2225 doped
with N* or P* ion impurities and a channel area 222¢ that is
not doped with any ion impurities.

[0088] The gate electrode 224 of the second transistor 22 is
formed from the same layer and with the same material as the
source contact region 214a and the drain contact region 2145
of the first transistor 21. In addition, the auxiliary gate elec-
trode 227 is formed from the same layer and with the same
material as the top gate electrode 217 of the first transistor 21.
[0089] In the embodiment of FIG. 4, the second transistor
22 additionally includes the auxiliary gate electrode 227
when compared to the thin film transistor according to Com-
parative Example 1 shown in FIG. 3A. The auxiliary gate
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electrode 227, may form dual wiring by being connected to
the gate electrode 224. Thus, resistance may be reduced. In
another embodiment, the second transistor 22 may not
include the auxiliary gate electrode 227.

[0090] The source electrode 229a and the drain electrode
2295 of the second transistor 22 are formed from the same
layer and of the same material as the source electrode 2194
and the drain electrode 2195 of the first transistor 21.

[0091] A capacitor 23 is located in a capacitor area CAP.
The capacitor 23 includes a first electrode 234, a second
electrode 237, and a third electrode 239. The first electrode
234 is formed from the same layer and ofthe same material as
the source contact region 214a and the drain contact region
214b of the first transistor 21. The second electrode 237 is
formed of the same layer and of the same material as the top
gate electrode 217 of the first transistor 21. In addition, the
third electrode 239 is formed from the same layer and of the
same material as the source electrode 2194 and the drain
electrode 2196 of the first transistor 21.

[0092] According to an embodiment of the present inven-
tion, a thickness of the second insulating layer 116 may be
thinner than a thickness of a conventional thin film transistor.
Thus, a size of an electrostatic capacity of a capacitor formed
by the first electrode 234 and the second electrode 237
increases. Thus, when a large-size high-resolution display is
formed, the capacitor area CAP may be reduced. Accord-
ingly, an opening ratio or aperture may increase, and a
decrease in a driving voltage according to the increase in the
opening ratio and an increase in a lifespan of the organic
light-emitting display apparatus may be expected.

[0093] The light-emitting device 25 is disposed in a pixel
area PXL, and the light-emitting device 25 may include a
pixel electrode 251, an interlayer (or intermediate layer or
layers) 252, and a counter electrode 253. The light-emitting
device 25 is disposed on a planarization layer 119. The pla-
narization layer 119 is formed of an organic insulating layer
and may serve as a planarization film. A general-purpose
polymer (e.g., polymethyl methacrylate (PMMA), polysty-
rene (PS)), a phenol group-containing polymer derivative, an
acrylic polymer, an imide-based polymer, an arylether-based
polymer, an amide-based polymer, a fluorinated polymer, a
p-xylene-based polymer, a vinylalcohol-based polymer, or a
blend thereof may be used as the organic insulating layer.
[0094] The pixel electrode 251 is in contact with a source
electrode 219a (as in FIG. 4) or a drain electrode 2915
through a contact hole formed in the planarization layer 119.
When the display apparatus is a bottom-emission type display
apparatus, the pixel electrode 251 may include at least one
selected from the group consisting of indium tin oxide (ITO),
indium zinc oxide (1Z0), zinc oxide (ZnO), indium oxide
(In,05), indium gallium oxide (IGO), and aluminum zinc
oxide (AZO). In addition, the pixel electrode 251 may have a
three-layer structure composed of transparent conductive
oxide layer/semi-transparent metal layer/transparent conduc-
tive oxide layer.

[0095] When the display apparatus is a top-emission type
display apparatus, the pixel electrode 251 may include a
reflective layer formed of Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir,
Cr, Mg, or a compound thereof and 1TO, 170, 7Zn0, In,0,,
1GO, or AZO formed on the reflective layer.

[0096] A pixel-defining layer 120 is formed on the pixel
electrode 251. The pixel-defining layer 120 serves to define
the pixels and may be formed of an organic insulating layer
including a general-purpose polymer (e.g., PMMA and PS), a
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phenol group-containing polymer derivative, an acrylic poly-
met, an imide-based polymer, an arylether-based polymer, an
amide-based polymer, a fluorinated polymer, a p-xylene-
based polymer, a vinylalcohol-based polymer, or a blend
thereof.

[0097] The intermediate layer 252 includes the organic
emission layer that emits, for example, red, green, or blue
light. A low molecular weight organic material or a polymer
organic material may be used to form the organic emission
layer. When the organic emission layer is a low molecular
weight organic layer formed of a low molecular weight
organic material, a hole transport layer (HTL) and a hole
injection layer (HIL) may be disposed in a direction of the
pixel electrode 251 about the organic emission layer, and
electron transport layer (ETL) and electron injection layer
(EIL) may be stacked in a direction of the counter electrode
253. Various layers, in addition to the HIL, the HTL, the ETL,
and the EIL, may be stacked and formed if necessary as would
be apparent to one of ordinary skill.

[0098] In the above-described example embodiment, a
separate organic emission layer is formed for each color of
pixel. Here, each pixel may emit one of red, green, or blue
light, and a pixel group that emits red, green, and blue light
may constitute a single unit pixel. However, embodiments of
the present invention are not limited thereto. In other embodi-
ments, the organic emission layer may be commonly formed
for all the pixel areas. For example, the plurality of organic
emission layers that emit red, green, and blue light may be
vertically stacked or mixed to emit white light. However, a
combination of colors to emit the white light is not limited
thereto. Here, a color conversion layer for converting the
emitted white light into a predetermined color or a color filter
may, for example, be further included.

[0099] The counter electrode 253 opposite to the pixel elec-
trode 251 is disposed on the intermediate layer 252. The
counter electrode 253 may also be formed of a transparent
electrode or a reflective electrode. When a transparent elec-
trode is used as the counter electrode 253, the counter elec-
trode 253 may be formed in such a manner that a metal with
alow work function, i.e., Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or a
compound thereof, is deposited to face the organic emission
layer, and an auxiliary electrode or a bus electrode line
formed of a transparent conductive oxide, such as ITO, 1Z0,
Zn0O, or In,O;, may then be formed thereon. When a reflec-
tive electrode is used as the counter electrode 253, the counter
electrode 253 is formed by depositing Li, Ca, LiF/Ca, LiF/Al,
Al, Mg, or a compound thereof on an entire surface of a
display portion. However, embodiments of the present inven-
tion are not limited thereto. In other embodiments, an organic
material, such as a conductive polymer, may be used as the
pixel electrode 251 and the counter electrode 253.

[0100] Hereinafter, a method of manufacturing the organic
light-emitting display apparatus 1 of FIG. 4 according to an
embodiment of the present invention will be described with
reference to FIGS. 5A through 5F.

[0101] FIG. 5A is a cross-sectional view schematically
illustrating a first mask process for manufacturing the organic
light-emitting display apparatus 1.

[0102] Referring to FIG. 5A, a buffer layer 111 is formed
onasubstrate 110 and asilicon semiconductor layer is formed
on the buffer layer 110. Then, a bottom gate electrode 212 of
a first transistor 21 and an active layer 222 of a second tran-
sistor 22 are formed by patterning the silicon semiconductor
layer.
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[0103] For example, the silicon semiconductor layer may
be coated with a photoresist and the silicon semiconductor
layer is then patterned by photolithography using a first pho-
tomask to form the bottom gate electrode 212 and the silicon
active layer 222. The first mask process by photolithography
is performed through a series of processes, such as develop-
ing, etching, and stripping or ashing, after exposing the first
photomask with an exposure apparatus.

[0104] The silicon semiconductor layer may be formed of
amorphous silicon or polysilicon. Here, the polysilicon may
be formed by crystallization of the amorphous silicon. Vari-
ous methods, such as rapid thermal annealing (RTA), solid
phase crystallization (SPC), excimer laser annealing (ELA),
metal induced crystallization (MIC), metal induced lateral
crystallization (MILC), and sequential lateral solidification
(SLS), may be used as a crystallization method of the amor-
phous silicon.

[0105] When the silicon semiconductor layer is formed of
amorphous silicon, a crystallization process, such as an ELA
method, may be omitted. Thus, the manufacturing process
may be simplified and the manufacturing cost may be
reduced.

[0106] FIG. 5B is a cross-sectional view schematically
illustrating a second mask process for manufacturing the
organic light-emitting display apparatus 1.

[0107] After forming a first insulating layer 113 on the
product of the first mask process shown in FIG. 5A, a first
metal layer is formed on the first insulating layer 113, and a
source contact region 214a and a drain contact region 2145 of
the first transistor 21, a gate electrode 224 of the second
transistor 22, and a first electrode 234 of a capacitor 23 are
then formed by patterning the first metal layer. The first insu-
lating layer 113 may be formed thinner than a gate insulating
layer of a conventional thin film transistor. Here, the source
contact region 214a and the drain contact region 2145 may be
patterned in areas overlapping the bottom gate electrode 212
as well as a source electrode 2194 and a drain electrode 2195.
[0108] The first metal layer may have a structure of a single
layer or multiple layers formed of at least one selected from
Al Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and
Cu. The resultant structure as described above is doped with
ion impurities. N* or P* ions may be doped as the ion impu-
rities, and the bottom gate electrode 212 and silicon active
layer 222 are doped at a concentration of about 1x10** atoms/
cm’ or more.

[0109] The bottom gate electrode 212 and the active layer
222 are doped with ion impurities by using the source contact
region 214a, the drain contact region 2145, and the gate
electrode 224 as self-align masks. Thus, electron mobilities
of a gate area 212¢ of the first transistor 21 and a source area
222a and a drain area 2225 of the second transistor 22 may
increase. In the second transistor 22, remaining regions
excluding the source area 2224 and the drain area 2225 may
be a channel area 222¢.

[0110] Electron mobilities of undoped areas 212a and 2125
of the first transistor and the source area 222a and the drain
area 222b of the second transistor 22 are low. Thus, parasitic
capacitance does not occur.

[0111] FIG. 5C is a cross-sectional view schematically
illustrating a third mask process for manufacturing the
organic light-emitting display apparatus 1.

[0112] An oxide semiconductor layer is formed on the
product of the second mask process of FIG. 5B, and an oxide
semiconductor region 215 of the first transistor 21 is then
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formed by patterning the oxide semiconductor layer. The
oxide semiconductor region 215 may be disposed in a space
between the source contact region 214a and the drain contact
region 214b, and as illustrated in FIG. 5C, the oxide semi-
conductor region 215 may be formed to partially overlap the
source contact region 214q and the drain contact region 2144.
[0113] The oxide semiconductor region 215 may include
an oxide semiconductor. For example, the oxide semiconduc-
tor layer may include an (In,0,) (Ga,0,),(Zn0),, (G-1—Z—
0) layer (where a, b, and ¢ are real numbers respectively
satisfying conditions 220, b=0, and ¢>0), and in addition, may
include an oxide of a material selected from the group con-
sisting of Groups 12, 13, and 14 metallic elements, such as
Zn, In, Ga, Sn, Cd, Ge, or Hf, and a combination thereof.
[0114] FIG. 5D is a cross-sectional view schematically
illustrating a fourth mask process for manufacturing the
organic light-emitting display apparatus 1.

[0115] A second insulating layer 116 is formed on the prod-
uct of the third mask process of FIG. 5C, a second metal layer
is stacked on the second insulating layer 116, and the second
metal layer is then patterned. Here, the second metal layer
may be a single layer or multiple layers formed of at least one
metal selected from the group consisting of Al, Pt, Pd, Ag,
Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu. As a result
ofthe patterning, a top gate electrode 217 of the first transistor
21, anauxiliary gate electrode 227 of the second transistor 22,
and a second electrode 237 of the capacitor 23 are formed on
the second insulating layer 116.

[0116] FIG. 5E is a cross-sectional view schematically
illustrating a fifth mask process for manufacturing the organic
light-emitting display apparatus 1.

[0117] A third insulating layer 118 is formed on the product
of the fourth mask process of FIG. 5E, and the third insulating
layer 118 is patterned to form openings exposing the source
contact region 2144 and the drain contact region 2145.
[0118] FIG. 5F is a cross-sectional view schematically
illustrating a result of a sixth mask process for manufacturing
the organic light-emitting display apparatus 1.

[0119] Referringto FIG. 5F, a third metal layer is formed on
the product of the fifth mask process of FIG. 5E, and the third
metal layer is patterned to simultaneously form the source
electrode 219¢ and the drain electrode 2196 of the first tran-
sistor 21, a source electrode 2294 and a drain electrode 2296
of the second transistor 22, and a third electrode 239 of the
capacitor 23.

[0120] The third metal layer may be formed of two or more
layers of different metals having different electron mobilities.
For example, the third metal layer may be formed of two or
more layers of metals selected from the group consisting of
Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, Cu,
and an alloy thereof.

[0121] FIG. 6is a cross-sectional view schematically illus-
trating an organic light-emitting display apparatus 1' accord-
ing to another embodiment of the present invention.

[0122] The organic light-emitting display apparatus 1'is a
bottom-emission type display apparatus. Reference numerals
of elements of the organic light-emitting display apparatus 1'
shown in FIG. 6 that are the same as reference numerals of
elements of the display apparatuses shown in FIGS. 4 and 5
are like elements of the display apparatuses shown in FIGS. 4
and 5. The display apparatus shown in FIG. 6 may further
include a transparent electrode layer 216 between the top gate
electrode 217 and the second insulating layer 116, a transpar-
ent electrode layer 226 between the auxiliary gate electrode
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227 and the second insulating layer 116, and a transparent
electrode layer 236 between the second electrode 237 and the
second insulating layer 116. The top gate electrode 217, the
auxiliary gate electrode 227, and the second electrode 237
may each form a double-layered electrode with the transpar-
ent electrodes 216, 226, and 236, respectively.

[0123] In addition, a pixel electrode 256 of the light-emit-
ting device 25 of the pixel area PXL may be included as a
transparent electrode layer. The transparent electrode layers
216,226, and 236 and the pixel electrode 256 are formed from
the same layer with the same material and may include at least
one selected from the group consisting of ITO, [ZO, ZnO,
In,0;, 1GO, and AZO. Further, in an embodiment, a second
pixel electrode 257 is formed on peripheral portions of the
pixel electrode 256. The second pixel electrode 257 may be
formed from the same layer and with the same material as the
top gate electrode 217, the auxiliary gate electrode 227, and
the second electrode 237.

[0124] FIG. 7is a cross-sectional view schematically illus-
trating an organic light-emitting display apparatus 1" accord-
ing to another embodiment of the present invention.

[0125] The organic light-emitting display apparatus 1"
shown in FIG. 7 is a top-emission type display apparatus.
Reference numerals of elements of the organic light-emitting
display apparatus 1" shown in FIG. 7 that are the same as
reference numerals of elements of the display apparatuses
shown in FIGS. 4 and 5 are like elements of the display
apparatuses shown in FIGS. 4 and 5. In FIG. 7, the light-
emitting device 25 is included in a top surface. Thus, an
opening ratio or aperture may increase.

[0126] Thus far, the structure of the organic light-emitting
display apparatus according to one or more embodiments of
the present invention has been described. The organic light-
emitting display apparatus according to one or more embodi-
ments of the present invention has structural characteristics as
follows.

[0127] First, as on-current increases by using a thin film
transistor having a double gate structure including both the
top gate electrode 217 and the bottom gate electrode 212, a
size of the transistor may be reduced, and an opening ratio or
aperture may be increased.

[0128] In addition, since overlaps of the top gate electrode
217, source electrode 219a, and drain electrode 2195 are
removed, and since overlapping areas of the source electrode
219¢ and the drain electrode 2195 are removed by doping a
partial area of the bottom gate electrode, an effect of parasitic
capacitance may be removed. Therefore, a large-size high-
resolution display may be operated by reducing parasitic
capacitance in the thin film transistor.

[0129] In addition, since a channel length is reduced com-
pared to a conventional oxide thin film transistor by forming
the oxide semiconductor region 215, which serves as a chan-
nel, on (or in an area between) the source contact region 214a
and the drain contact region 2145, on-current of the thin film
transistor may be increased.

[0130] In addition, since thicknesses of the top gate elec-
trode 217 and the third insulating layer 118 may be increased
without influencing on-current of the thin film transistor,
resistances and capacitances of a gate line and a data line may
decrease. Thus, a large-size high-resolution display may be
operated.

[0131] In addition, as the organic light-emitting display
apparatus is manufactured by combining an oxide thin film
transistor with excellent current leakage suppressing charac-
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teristics and a silicon thin film transistor with excellent elec-
tron mobility, pixels may be firmly designed. That is, the
oxide thin film transistor may be used in a part where current
leakage needs to be suppressed, and the silicon thin film
transistor may be used in a part where a large on-current is
needed. The first transistor 21 of one or more embodiments of
the present invention may be applied to a part where current
leakage suppressing characteristics and a large on-current are
both needed.

[0132] Lastly,as thicknesses of the first insulating layer 113
and the second insulating layer 116 may be reduced, a capaci-
tor having high capacity may be formed by including a first
electrode 234 and a second electrode 237. In addition, a
double capacitor may be formed by using the first electrode
234, the second electrode 237, and the third electrode 239.
Thus, capacity of the capacitor may be increased.

[0133] As described above, according to the one or more of
the above embodiments of the present invention, a thin film
transistor (TFT) substrate, a display apparatus, and a method
of manufacturing a TFT array substrate may decrease para-
sitic capacitance and increase on-current of TFTs.

[0134] It should be understood that the example embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should be con-
sidered as available for other similar features or aspects in
other embodiments.

[0135] While one or more embodiments of the present
invention have been described with reference to the figures, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the following claims and their equiva-
lents.

What is claimed is:

1. A thin film transistor array substrate comprising:

a substrate;

abottom gate electrode comprising a gate area doped with

ion impurities and undoped areas on left and right sides
of the gate area;

an active layer on the bottom gate electrode with a first

insulating layer therebetween and comprising a source
contact region, a drain contact region, and an oxide
semiconductor region;

a top gate electrode on the active layer with a second

insulating layer therebetween; and

asource electrode in contact with the source contact region

and a drain electrode in contact with the drain contact
region, the source electrode and the drain electrode
being on the top gate electrode with a third insulating
layer therebetween,

wherein the oxide semiconductor region is between the

source contact region and the drain contact region.

2. The thin film transistor array substrate of claim 1,
wherein the gate area does not overlap the source contact
region or the drain contact region.

3. The thin film transistor array substrate of claim 1,
wherein the bottom gate electrode and the top gate electrode
are connected to each other.

4. The thin film transistor array substrate of claim 1,
wherein the bottom gate electrode comprises amorphous sili-
con or poly silicon.

May 7, 2015

5. The thin film transistor array substrate of claim 1,
wherein a thickness of the first insulating layer or the second
insulating layer is less than or equal to a thickness of the third
insulating layer.

6. The thin film transistor array substrate of claim 1,
wherein a thickness of the top gate electrode is greater than or
equal to a thickness of the source contact region or the drain
contact region.

7. The thin film transistor array substrate of claim 1,
wherein a length of the oxide semiconductor region is less
than or equal to a threshold value.

8. The thin film transistor array substrate of claim 1,
wherein the oxide semiconductor region comprises at least
one oxide selected from gallium indium zinc oxide (G-I
7—0), zinc (Zn), indium (In), gallium (Ga), tin (Sn) cad-
mium (Cd), germanium (Ge), hafnium (Hf), or a combination
thereof.

9. An organic light-emitting display apparatus comprising:

a first transistor comprising a bottom gate electrode, a first
active layer including a contact region and an oxide
semiconductor region, a top gate electrode, a first source
electrode, and a first drain electrode;

a second transistor comprising a second active layer of a
same layer and of a same material as the bottom gate
electrode, a gate electrode of a same layer and of a same
material as the contact region, and a second source elec-
trode and a second drain electrode of a same layer and of
a same material as the first source electrode and the first
drain electrode; and

a light-emitting device comprising a pixel electrode, an
interlayer, and a counter electrode,

wherein the oxide semiconductor region is between a
source contact region and a drain contact region of the
contact region, and

wherein a region of the bottom gate electrode not overlap-
ping the source contact region or the drain contact region
is doped with ion impurities.

10. The organic light-emitting display apparatus ofclaim 9,

wherein the bottom gate electrode comprises:

a gate area of a silicon semiconductor and doped with ion
impurities; and

undoped areas on left and right sides of the gate area.

11. The organic light-emitting display apparatus of claim 9,
wherein the first transistor is a driving transistor ofthe organic
light-emitting display apparatus, and the second transistor is
a switching transistor of the organic light-emitting display
apparatus.

12. The organic light-emitting display apparatus ofclaim 9,
wherein the first source electrode and the first drain electrode
do not overlap the doped region of the bottom gate electrode.

13. The organic light-emitting display apparatus of claim 9,
further comprising a capacitor, wherein the capacitor com-
prises:

a first electrode of the same layer and of the same material

as the contact region; and

a second electrode of a same layer and of a same material
as the top gate electrode.

14. The organic light-emitting display apparatus of claim
13, wherein the capacitor further comprises a third electrode
of the same layer and of the same material as the first source
and first drain electrodes.

15. The organic light-emitting display apparatus ofclaim 9,
wherein the bottom gate electrode comprises amorphous sili-
con or poly silicon.
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16. The organic light-emitting display apparatus of claim 9,
wherein the second transistor comprises an auxiliary gate
electrode of asame layer and of a same material as the top gate
electrode.

17. A method of manufacturing a thin film transistor array
substrate, the method comprising:

patterning a silicon layer formed on a substrate to form a

bottom gate electrode;

forming a first insulating layer on the patterned silicon

layer;

patterning a first conducting layer formed on the first insu-

lating layer to form a source contact region and a drain
contact region;
doping ion impurities on the bottom gate electrode using
the source contact region and the drain contact region as
a mask;

patterning an oxide semiconductor layer formed on the first
conducting layer to form an oxide semiconductor region
between the source contact region and the drain contact
region;

forming a second insulating layer on the patterned first

conducting layer and the patterned oxide semiconductor
layer;

forming a top gate electrode on the second insulating layer;

forming a third insulating layer on the top gate electrode;

forming contact holes in the third insulating layer and the
second insulating layer corresponding to the source con-
tact region and the drain contact region: and

forming a source electrode and a drain electrode respec-

tively in contact with the source contact region and the
drain contact region through the contact holes.
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