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(57) ABSTRACT

A thin film transistor, e.g., for use in an organic light emitting
display, may include: a gate insulating layer disposed on a
gate electrode located on a substrate; a semiconductor layer,
disposed on the gate insulating layer; and a planarization
layer disposed on the gate insulating layer, the source and
drain electrodes, and the channel area, and having openings
exposing parts of the first source and drain areas and the
source and drain electrodes, respectively. The semiconductor
layer may include: a channel area corresponding to the gate
electrode; first source and drain areas doped with an impurity
outside the channel area; second source and drain areas,
including a metal, outside the first source and drain areas; and
source and drain electrodes disposed on the second source
and drain areas and exposing the first source and drain areas.
A pixel electrode may be disposed in one of the openings.

Eﬁ/////}//7/////

I
|
I
|
!

(RS SEpppa—— S S

152 '
|

///////%/V// /

S R

132 131

~
136

133 135

J

134
N




Patent Application Publication Oct. 9,2008 Sheet 1 of 9 US 2008/0246029 A1

FIG. 1

151

AL AL LT gL ALY
404"0 L XN BRI L I I I I 4 + &
. e e e 00000000000000000§0000$0
T P 2t Tt 4 e * o v 0 74 ¢+ ¢ ¢ ¢+ ¢ s 4 e o + * 4+ +

.

\“‘L ‘

. .,

u 'Q'Q + \\\ \ N + 44

A RIE I o e te A 0 00o00t¢ooooo IR
R

| \\\\\\/\W%W ‘\\\ o0oo<04&00000¢¢0000

‘o'o / LR IE IR IR N IR voc»oooooooo{

+
174 o« ‘e +
1 + & » + +
OQOV T/ A * IR NN NN N I I I N I I A 1
/,//} BRI R R I IR I A A
/{"‘/l 0006‘00000#000‘000{0000
£/ L I R R T I R

B V/W/ ,I \/ lly RO AN o'a'o’;'o.o.o'o.o'c'o
N NN NN AN RN NN A NS NN NN

(L L L a7 L ///'/t”///’// ///'//'///’///’///"///’///’/ L (i Ll




Patent Application Publication Oct. 9,2008 Sheet 2 of 9
160 151 180 190
|
'/’I/I/I/III/I/I/I/I/I/I/I/”I/IAVI/I/I/ l Ll L L :
AN % ,// WO
AN <) O\

*’IA'/’/’/’III/ \\
SN \\\\

YELLBLLGELT

000 IO + 0+

. b8 e
DR LR R . .
. . o . 0 . 0 FR R T o ST

.
R
Larid

. . AR

\\ 0‘0'00"000‘00000000.

“‘ RS

L I R U N I Y D I B S S K 1

boot*b‘ot“‘~;;on~»o

B R A A A !
‘\\‘L\“‘“\\ N S e i e S e ]

F

ZiN

l \\\\\\/\W AV
t 0 b + W ll/

NSNS NS R \““
(L Ll L L2 L '///'//”///’//’///'///’/’//’///’7//’// L L L L L

\J N \ N
NN 121 NRARLERRR RS
AN AN O\ \ N
\\\ \\\ SO\ \\\\ NN\
i\ N R \ O\ N AN
NN IR MATRRARRNS

T

134 132 131 133 135
k J
Y
136

US 2008/0246029 A1

112
111

110



Patent Application Publication Oct. 9,2008 Sheet 3 of 9 US 2008/0246029 A1

FIG. 3
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THIN FILM TRANSISTOR, ORGANIC LIGHT
EMITTING DISPLAY DEVICE INCLUDING
THE SAME, AND METHOD OF
MANUFACTURING THE ORGANIC LIGHT
EMITTING DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Embodiments of the present invention relate to a
thin film transistor, an organic light emitting display device
including the same, and a method of manufacturing the
organic light emitting display device. More particularly,
embodiments of the present invention relate to a bottom gate-
type thin film transistor having a low contact resistance, an
organic light emitting display device including the same, and
amethod of manufacturing the organic light emitting display
device.

[0003] 2. Description of the Related Art

[0004] Thin film transistors (TFTs) may be used, among
other things, as switching devices or driving devices. A con-
ventional TFT may include a gate electrode, a semiconductor
layer, and source/drain electrodes. Such TFTs may be classi-
fied into top gate type TFTs and bottom gate type TFTs
according to a location of the gate electrode with respect to
the semiconductor layer.

[0005] Typically, top gate type TFTs are used in display
devices, e.g., liquid crystal display (LCD) devices, organic
light emitting display devices, and so forth. A conventional
organic light emitting display device may refer to a device
that includes a light emitting layer between two electrodes, a
pixel electrode and an opposite electrode, one of the elec-
trodes being connected to a TFT. Such a device may have a
wide viewing angle, excellent contrast, and rapid response.
[0006] The conventional method of manufacturing an
organic light emitting display device includes many mask
patterning processes, e.g., at least eight mask patterning steps
to reach a point of having formed a pixel defining layer on the
pixel electrode. Additional mask patterning steps are needed
to form an organic emission layer on the pixel defining layer,
and to form the opposite electrode on the organic emission
layer. Since each mask patterning process includes coating,
exposing, and developing steps using photoresist, the method
of manufacturing a conventional organic light emitting dis-
play device is made more complex and expensive with each
additional mask patterning process.

SUMMARY OF THE INVENTION

[0007] Embodiments of the present invention are therefore
directed to a thin film transistor, an organic light emitting
display device including the same, and a method of manufac-
turing the organic light emitting display device which sub-
stantially overcome one or more problems of the related art.
[0008] It is therefore a feature of an embodiment of the
present invention to provide a thin film transistor that can be
fabricated using a simplified manufacturing method in which
the number of mask patterning processes may be reduced, an
organic light emitting display device including the same, and
amethod of manufacturing the organic light emitting display
device.

[0009] At least one of the above and other features and
advantages of the present invention may be realized by pro-
viding a thin film transistor including a substrate, a gate
electrode disposed on the substrate, a gate insulating layer
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disposed on the gate electrode and the substrate, a semicon-
ductor layer disposed on the gate insulating layer and includ-
ing at least the following, a channel area corresponding to the
gate electrode, first source and drain areas doped with an
impurity outside the channel area, second source and drain
areas, including a metal, outside the first source and drain
areas, and source and drain electrodes disposed on the second
source and drain areas and exposing the first source and drain
areas, a planarization layer disposed on the gate insulating
layer, the source and drain electrodes, and the channel area,
and having openings exposing parts of the first source and
drain areas and the source and drain electrodes, respectively,
and a pixel electrode disposed on the planarization layer and
electrically connected to one of the source and drain elec-
trodes through one of the openings. The metal included in the
second source and drain areas may include a metal forming
the source and drain electrodes. The metal forming the source
and drain electrodes may include at least one of Al, Cu, Mo,
W, Cr. and Pt. End parts of the semiconductor layer may have
the same pattern as end parts of the source and drain elec-
trodes, respectively. The semiconductor layer may include
polycrystalline silicon. The thin film transistor may further
include a buffer layer disposed on the substrate.

[0010] At least one of the above and other features and
advantages of the present invention also may be realized by
providing an organic light emitting display device that
includes a substrate, a gate electrode disposed on the sub-
strate, a gate insulating layer disposed on the gate electrode
and the substrate, a semiconductor layer, disposed on the gate
insulating layer, including at least the following, a channel
area corresponding to the gate electrode, first source and drain
areas doped with an impurity outside the channel area, second
source and drain areas, including a metal, outside the first
source and drain areas, and source and drain electrodes dis-
posed on the second source and drain areas and exposing the
first source and drain areas, a planarization layer disposed on
the gate insulating layer, the source and drain electrodes, and
the channel area, and having openings exposing parts of the
first source and drain areas and the source and drain elec-
trodes, respectively, a pixel electrode disposed on the pla-
narization layer and electrically connected to one of the
source and drain electrodes through one of the openings, a
pixel defining layer disposed on the planarization layer and
the pixel electrode and exposing a part of the pixel electrode,
an organic emission layer disposed on the exposed pixel
electrode, and an opposite electrode disposed on the organic
emission layer. The organic light emitting display device may
further include a spacer disposed on the pixel defining layer.
The pixel defining layer and the spacer may be formed of the
same material. End parts of the semiconductor layer may have
the same pattern as end parts of the source and drain elec-
trodes, respectively.

[0011] At least one of the above and other features and
advantages of the present invention also may be realized by
providing a method of manufacturing a thin film transistor,
the method including providing a starting structure including
a substrate and a gate electrode disposed thereon, a gate
insulating layer disposed on the gate electrode and the sub-
strate, a semiconductor layer disposed on the gate insulating
layer, and a conductive layer including a metal disposed on
the semiconductor layer, simultaneously patterning the semi-
conductor layer and the conductive layer to expose a first part
of the semiconductor layer including a portion thereof corre-
sponding to the gate electrode and to form the source and
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drain electrodes, forming a planarization layer on the gate
insulating layer, the source and drain electrodes, and the first
part of the semiconductor layer, forming openings in the
planarization layer to expose second parts of the semiconduc-
tor layer outside the first part thereof, doping the exposed
second parts of semiconductor layer with an impurity, and
dispersing the metal of the source and drain electrodes into
the semiconductor layer by heat treating the source and drain
electrodes.

[0012] When forming openings in the planarization layer to
expose the second parts of the semiconductor layer, end parts
of the semiconductor layer and an end part of each of the
source and drain electrodes, respectively, may be patterned to
have the same pattern. In the dispersing of the metal into the
semiconductor layer, a temperature of the heat treating may
be equal to or higher than a melting point of the conductive
layer. The method may further include forming a pixel elec-
trode on the planarization layer and on one of the source and
drain electrodes in one of the openings, forming a pixel defin-
ing layer on the pixel electrode, patterning the pixel defining
layer to expose a part of the pixel electrode, and forming an
organic emission layer and an opposite electrode on the pixel
defining layer. The method may further include forming a
spacer on the pixel defining layer. The pixel defining layer and
the spacer may be simultaneously patterned using a half-tone
mask. The pixel defining layer and the spacer may be formed
of the same material. The method may further include form-
ing a buffer layer on the substrate. Forming the semiconduc-
tor layer may include depositing an amorphous silicon layer
on the gate electrode and on the gate insulating layer, and
crystallizing the amorphous silicon layer to form a polycrys-
talline silicon layer as the semiconductor layer. Simulta-
neously patterning the semiconductor layer and the conduc-
tive layer may include using a half-tone mask.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other features and advantages of the
present invention will become more apparent to those of
ordinary skill in the art by describing in detail exemplary
embodiments thereof with reference to the attached drawings
in which:

[0014] FIG. 1 illustrates a schematic, cross-sectional view
of an organic light emitting display device according to an
exemplary embodiment of the present invention;

[0015] FIG. 2 illustrates a schematic, cross-sectional view
of an organic light emitting display device according to
another exemplary embodiment of the present invention;
[0016] FIG. 3 illustrates a schematic, cross-sectional view
of an organic light emitting display device according to
another exemplary embodiment of the present invention;
[0017] FIGS. 4-1 illustrate schematic, cross-sectional
views of the organic light emitting display device of FIG. 1
during sequential stages in a method of manufacturing
thereofaccording to an exemplary embodiment of the present
invention;

[0018] FIG.12illustrates a schematic, cross-sectional view
of the organic light emitting display device of FIG. 2 during a
method of manufacturing thereof according to an exemplary
embodiment of the present invention; and

[0019] FIG.13 illustrates a schematic, cross-sectional view
of the organic light emitting display device of FIG. 3 during a
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method of manufacturing thereof according to an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Korean Patent Application No. 10-2007-0034617,
filed on Apr. 9, 2007, in the Korean Intellectual Property
Office, and entitled: “Thin Film Transistor, Organic Light
Emitting Display Device Including the Same, and Method of
Manufacturing the Organic Light Emitting Display Device,”
1s incorporated by reference herein in its entirety.

[0021] Embodiments of the present invention will now be
described more fully with reference to the accompanying
drawings, in which exemplary embodiments of the invention
are illustrated. Aspects of the invention may, however, be
embodied in different forms and should not be construed as
limited to the exemplary embodiments set forth herein.
Rather, these exemplary embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
[0022] Inthe figures, the dimensions of layers and regions
may be exaggerated for clarity of illustration. It will also be
understood that when alayer or element is referred to as being
“on” another layer or substrate, it can be directly on the other
layer or substrate, or intervening layers may also be present.
Further, it will be understood that when a layer is referred to
as being “under” another layer, it can be directly under, and
one or more intervening layers may also be present. In addi-
tion, it will also be understood that when a layer is referred to
as being “between” two layers, it can be the only layer
between the two layers, or one or more intervening layers may
also be present. Like reference numerals refer to like elements
throughout.

[0023] Referring to FIG. 1, a thin film transistor (TFT)
according to an exemplary embodiment of the present inven-
tion may include a substrate 110, a buffer layer 111, a gate
electrode 121, a gate insulating layer 112, a semiconductor
layer 136, source and drain electrodes 141 and 142, a pla-
narization layer 113, and a pixel electrode 151.

[0024] The substrate 110 may be any suitable substrate. For
example, the substrate 110 may be formed of glass, e.g.,
silicon dioxide (Si0,), or other materials, e.g., plastic, and so
forth.

[0025] Thebuffer layer 111 may be formed on the substrate
110 to planarize the substrate 110 and to reduce or prevent
permeation of impurities into the substrate 110. The buffer
layer 111 may be formed of one or more of Si0, and/or silicon
nitride (SiN, ) by, e.g., plasma enhanced chemical vapor depo-
sition (PECVD), atmospheric pressure chemical vapor depo-
sition (APCVD), low pressure chemical vapor deposition
(LPCVD), and so forth. The gate electrode 121, gate insulat-
ing layer 112, semiconductor layer 136, and source and drain
electrodes 141 and 142 may be formed sequentially on the
buffer layer 111, as will be explained in more detail below
with reference to FIGS. 4-11.

[0026] Referring to FIG. 4, a metal layer 120 may be
formed on the buffer layer 111 of a low-resistance metal, e.g,,
molybdenum tungsten (MoW), aluminum copper (Al/Cu),
and so forth. A mask M1 may be positioned above the metal
layer 120 to facilitate patterning thereof; e.g., via photolithog-
raphy, in order to form the gate electrode 121, as illustrated in
FIG. 5. More specifically, the metal layer 120 may be formed,
e.g., deposited, onthe buffer layer 111, and a photoresist layer
(not shown) may be coated on an upper surface of the metal
layer 120. The photoresist layer may be baked, exposed using
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the mask M1, and developed. The metal layer 120 may then
be patterned via etching, e.g., wet etching and/or dry etching,
to form the gate electrode 121. If dry etching is used, plasma
etching, reactive ion etching (RIE), reactive sputter etching,
and/or reactive ion beam milling may be used. Once the gate
electrode 121 is formed, it may be connected to a gate line
(not shown) that may apply an on/off signal thereto in order to
facilitate control of the TFT.

[0027] Referring to FIG. 6, the gate insulating layer 112
may be formed on the gate electrode 121 and the buffer layer
111. The gate insulating layer 112 may be formed of an
inorganic insulating material, e.g., SiN, and/or SiO,, by
PECVD, APCVD, LPCVD, electron cyclotron resonance
(ECR) CVD, or the like. Next, a patterned semiconductor
layer 136 may be formed on the gate insulating layer 112.
More specifically, an amorphous silicon layer 130 may be
formed, e.g., deposited, on the gate insulating layer 112, and
may be crystallized by. e.g., rapid thermal annealing (RTA),
solid phase crystallization (SPC), excimer laser annealing
(ELA), metal induced crystallization (MIC), metal induced
lateral crystallization (MILC), sequential lateral solidifica-
tion (SLS), and so forth, to form a polycrystalline silicon layer
130'.

[0028] Next, as illustrated in FIG. 7, a conductive layer 140
may be formed, e.g., deposited, on the polycrystalline silicon
layer 130". The conductive layer 140 may be a single metal
layer, e.g., an aluminum (Al) layer or a copper (Cu) layer, or
a multilayer metal including one or more of, e.g., molybde-
num (Mo), tungsten (W), chromium (Cr), and/or platinum
(Pt), on the Al layer or the Cu layer. The polycrystalline
silicon layer 130" and the conductive layer 140 may be simul-
taneously patterned using a second mask M2 to form the
semiconductor layer 136 and source and drain electrodes 141
and 142, respectively, as illustrated in FIG. 8.

[0029] The second mask M2 may be a half-tone mask hav-
ing a light transmission part, a light blockage part, and a
semi-transmission part. The semi-transmission part may be
positioned to overlap with a center portion of the semicon-
ductor layer 136, i.e., part A in FIG. 7, so that a portion of the
conductive layer 140 may be removed to expose an upper
surface of the semiconductor layer 136, thereby resulting in
the source and drain electrodes 141 and 142 being formed
from the conductive layer 140. A portion of part A of the
semiconductor layer 136 overlapping the gate electrode 121
may be a channel area, as will be described with respect to
FIG. 9.

[0030] End parts of the semiconductor layer 136 and the
source and drain electrodes 141 and 142 may have the same
pattern due to the half-tone mask M2, though the present
invention is not limited thereto. For example, when the half-
tone mask M2 is modified in shape, the semiconductor layer
136 and the sourceand drain electrodes 141 and 142 may have
end parts having different patterns.

[0031] Referring to FIG. 9, a planarization layer 113 may
be formed on the source and drain electrodes 141 and 142, on
the exposed portion of the semiconductor layer 136 between
the source and drain electrodes 141 and 142, and on the gate
insulating layer 112. The planarization layer 113 may be at
least one of an inorganic insulating layer and organic insulat-
ing layer. The inorganic insulating layer may include SiO,,
SiN,, SiON, Al,O;, TiO,, Ta,0s, HfO,, ZrO,, BST, PZT, or
the like. The organic insulating layer may include a commer-
cially available polymer, such as PMMA or PS, a polymer
derivative having a phenol group, an acryl-based polymer, an
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imide-based polymer, an arylether-based polymer, an amide-
based polymer, a fluorine-based polymer, a p-xylene-based
polymer, a vinylalcohol-based polymer, a blend thereof, or
the like. In addition, the planarization layer 113 may be a
composite deposition layer including an inorganic insulating
layer and an organic insulating layer.

[0032] After the planarization layer 113 is formed, a mask
M3 may be used to expose a portion of exposed part A of the
semiconductor layer 136 and portions of the source and drain
electrodes 141 and 142. Referring to FIG. 10, a part of the
planarization layer 113 corresponding to the gate electrode
121 may be kept, i.e., is not etched. The exposed portion of
part A of the semiconductor layer 136, which corresponds to
the gate electrode 121, may be used for forming the channel
area 131. In addition, the planarization layer 113 surrounding
end parts of the gate insulating layer 112 and the source and
drain electrodes 141 and 142 are not etched. The non-etched
portions of the planarization layer 113 may be used as masks
while doping the semiconductor layer 136 with an impurity.
The semiconductor layer 136 may be doped with an impurity
in a self-aligned manner by using the patterned planarization
layer 113, without having to use an additional mask.

[0033] Doping the semiconductor layer 136 with the impu-
rity by using the planarization layer 113 will now be
described in detail. According to the application of the thin
film transistor, the semiconductor layer 136 may be doped
with an N-type or P-type impurity by, for example, ion
implantation. N-type doping may be performed using ionized
PH; gas, and P-type doping may be performed using ionized
B,H, gas. In the current exemplary embodiment, the non-
etched part of the planarization layer 113 may act as an
alignment mask, so that doping ions may be injected only
through an opening 114 in the planarization layer 113, the
opening 114 having been formed by etching the planarization
layer 113. Some of the doping ions injected through the
opening 114 may reach the source and drain electrodes 141
and 142, and some others of the doping ions may reach the
semiconductor layer 136 formed of the polycrystalline sili-
con. Parts of the semiconductor layer 136 exposed in the
openings 114 by the configurations of the source and drain
electrodes 141 and 142 may be doped with an impurity,
resulting in first source and drain areas 132 and 133 of the
semiconductor layer 136.

[0034] As described above, the semiconductor layer 136
and the source and drain electrodes 141 and 142 may be
simultaneously patterned, the semiconductor layer 136 may
be doped with ions without requiring the use of an additional
mask, and a need to form a contact hole to electrically connect
first source and drain areas 132 and 133 to the source and
drain electrodes 141 and 142 may be avoided, so that mask
patterning processes may be significantly simplified.

[0035] It is possible that the contact area between the first
source and drain areas 132 and 133 and the source and drain
electrodes 141 and 142 may be small such that the contact
resistance between the first source and drain areas 132 and
133 and the source and drain electrodes 141 and 142 may be
high, which could deteriorate the operating characteristics of
the thin film transistor. In order to reduce such contact resis-
tance, the thin film transistor according to the current exem-
plary embodiment of the present invention may be subjected
to a heating process. The heating process may be, e.g., a
furnace method, a rapid thermal annealing (RTA) method in
which a substrate may be rapidly heated using radiation of a
tungsten halogen lamp, a laser method, etc.
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[0036] When a thin film transistor is heated using one or
more of the methods described above and metals forming the
source and drain electrodes 141 and 142 reach a melting
critical point, these metals may be diffused into second source
and drain areas 134 and 135 outside the first source and drain
areas 132 and 133 of the semiconductor layer 136, ie., in
areas corresponding to the source and drain electrodes 141
and 142. For example, when source and drain electrodes 141
and 142 formed of Al are heated in a furnace to about 300° C.,
which is equal to or higher than the melting point of Al, for
about 2 hours, the Al may become diffused into the second
source and drain areas 134 and 135, so that the second source
and drain areas 134 and 135 have a metallic property similar
to the source and drain electrodes 141 and 142.

[0037] As described above, the source and drain electrodes
141 and 142 may include a single metal, e.g., Al, or two or
more kinds of metals. The heating temperature used to heat
the substrate should be higher than the lowest melting point of
the source and drain electrode metals.

[0038] In a thin film transistor according to the current
exemplary embodiment of the present invention, the contact
area between the source and drain electrodes 141 and 142 and
the impurity-doped first source and drain areas 132 and 133
may be relatively narrow, but this may be offset by a
decreased contact resistance between the source and drain
electrodes 141 and 142 and the impurity-doped first source
and drain areas 132 and 133. The decreased contact resistance
may be achieved by the second source and drain areas 134 and
135 acting as passages through which current may flow
between the source and drain electrodes 141 and 142 and the
impurity-doped first source and drain areas 132 and 133.
[0039] During the heating process, heat may be directly
provided to portions of the source and drain electrodes 141
and 142 exposed by the opening 114. Accordingly, there is no
need to perform a separate patterning process to expose the
source and drain electrodes 141 and 142 to heat. Thus, the
opening 114 of the planarization layer 113 may act as an
alignment mask for ion doping, may expose the source and
drain electrodes 141 and 142 to heat and may act as a via hole
for connecting a pixel electrode 151 (described below). In
other words, according to the current exemplary embodiment
of the present invention, the via hole forming process and
heating process may be performed using a pattern which is
formed using a single mask M3, so that the heating process
may be performed without use of additional mask processes.
[0040] Referring to FIG. 11, a conductive material 150 may
be formed, e.g., deposited, on the entire surface of the struc-
ture illustrated in FIG. 9. A mask M4 may then be used to
pattern the conductive material 150 so that the conductive
material 150 may remain on a part of the first drain area 133,
a part of the drain electrode 142, and a part of the planariza-
tion layer 113. Alternatively, the pixel electrode 151 formed
by patterning the conductive material 150 may also be pat-
terned to contact the first source area 132 and the source
electrode 141.

[0041] As a result of the patterning with the mask M4, the
thin film transistor illustrated in FIG. 1 may be formed. It will
be appreciated that the structure is not limited to the structure
illustrated in FIG. 1, and may vary according to manufactur-
ing conditions, such as a mask work tolerance or the thickness
of the conductive material 150. Further, the pixel electrode
151 may contact only the drain electrode 142 and not the first
drain area 133, or may be further formed on a part of the
planarization layer 113 corresponding to the gate electrode
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121. The pixel electrode 151 should not act as a short-circuit
between (1) the source electrode 141 and/or the first source
area 132 and (2) the drain electrode 142 and/or the first drain
area 133.

[0042] As described above, in the method of manufacturing
the thin film transistor substrate according to the current
exemplary embodiment of the present invention, the mask
patterning processes may be significantly simplified. In addi-
tion, a metal may be diffused in the second source and drain
areas 134 and 135 without use of additional mask processes,
so that contact resistance between the source and drain elec-
trodes 141 and 142 and the first source and drain areas 132
and 133 may be reduced.

[0043] Referring to FIGS. 1 and 11, an organic light emit-
ting display device according to an exemplary embodiment of
the present invention will now be described in detail. Since
the organic light emitting display device according to the
current exemplary embodiment may include a bottom gate-
type thin film transistor, a detailed description of the bottom
gate-type thin film transistor will not be repeated. The same
reference numbers refer to the same elements.

[0044] Referring to FIG. 1, the organic light emitting dis-
play device according to the current exemplary embodiment
of the present invention may include a substrate 110, and a
buffer layer 111, a gate electrode 121, a gate insulating layer
112, a semiconductor layer 136, source and drain electrodes
141 and 142, a planarization layer 113, a pixel electrode 151,
a pixel defining layer 160, an organic emission layer 180, and
an opposite electrode 190 formed on the substrate 110.
[0045] The process of forming the gate electrode 121, the
semiconductor layer 136, the source and drain electrodes 141
and 142, and the planarization layer 113 on the substrate 110
may be as described above regarding the previous exemplary
embodiment. When the organic light emitting display device
is a top emission type display device in which an image is
viewed from the top of the device, a material which forms the
substrate 110 would not be limited to a transparent material.
[0046] In the organic light emitting display device accord-
ing to the current exemplary embodiment, the pixel electrode
151 may act as an anode of the organic light emitting display
device, and the opposite electrode 190 may act as the cathode.
Alternatively, the pixel electrode 151 may act as a cathode
and the opposite electrode 190 may act as the anode.

[0047] When the organic light emitting display device is a
bottom emission type organic light emitting display device in
which an image is viewed from below the substrate 110, the
pixel electrode 151 may be a transparent electrode and the
opposite electrode 190 may be a reflective electrode. In such
circumstances, the pixel electrode 151 may be formed of a
material having a high work function, such as I'TO, 17O, ZnO,
or In,0;, and the opposite electrode 190 may be formed of a
material having a low work function, such as Ag, Mg, Al Pt,
Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca.

[0048] When the organic light emitting display device
according to the current exemplary embodiment is a top emis-
sion type organic light emitting display device in which an
image is projected toward the opposite electrode 190, the
pixel electrode 151 may be a reflective electrode, and the
opposite electrode 190 may be a transparent electrode. In
such circumstances, the reflective pixel electrode 151 may be
areflective layer formed using Ag, Mg, Al, Pt, Pd, Au, Ni, Nd,
Ir, Cr, Li, Ca, or a mixture thereof, and then forming, e.g.,
depositing, a material having a high work function, such as
ITO, 170, ZnO, or In,0; thereon. The transparent electrode
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opposite electrode 190 may be formed by depositing a metal
having a low work function, such as Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, Ca, or a mixture thereof, and then forming
an assistant electrode layer or bus electrode line thereon using
a transparent conductive material, such as ITO, 170, ZnO, or
In,0;.

[0049] In addition, a surface contact force between the
pixel electrode 151 and the planarization layer 113 may be
improved by forming the pixel electrode 151 using, e.g., ITO,
170, ZnO, or In,O;, forming, e.g., depositing, a metal having
alow work function, such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd,
Ir, Cr, Li, Ca, or a mixture thereof on the pixel electrode 151,
and then forming, e.g., depositing, a material having a high
work function, such as ITO, 170, ZnO, or In,O, thereon.
[0050] Referring to FIG. 12, a material for forming a pixel
defining layer 160 may be formed, e.g., deposited, on the
structure illustrated in FIG. 1 described above. In the current
exemplary embodiment, the pixel defining layer 160 may be
formed of polyimide. The pixel defining layer 160 may define
an emission area. The pixel defining layer 160 also may serve
as a spacer to widen an interval between an end part of the
pixel electrode 151 and the opposite electrode 190 thereby to
reduce or prevent formation of a field enhancement phenom-
enon in the end part of the pixel electrode 151 so that instances
of a short circuit between the pixel electrode 151, and the
opposite electrode 190 may be reduced or prevented.

[0051]  After the pixel defining layer 160 is patterned using
amask M5, the organic emission layer 180 may be formed on
the resultant structure. The organic emission layer 180 may
emit light according to an electrical operation of the pixel
electrode 151 and the opposite electrode 190. The opposite
electrode 190 may be used as acommon electrode and may be
formed, e.g., deposited, on the organic emission layer 180. A
sealing member (not shown), that may protect the organic
emission layer 180 from external moisture or oxygen, may be
further formed on the opposite electrode 190.

[0052] The organic emission layer 180 may be formed of a
low molecular weight organic material or a polymer organic
material. When the organic emission layer 180 is formed of a
low molecular weight organic material, a hole transport layer,
aholeinjection layer, and the like may be sequentially formed
on the organic emission layer 180 in a direction toward the
pixel electrode 151. Also, an electron transport layer, an elec-
tron injection layer, and the like may be sequentially formed,
e.g., deposited, on the organic emission layer 180 in a direc-
tion toward the opposite electrode 190. If required, other
layers may be further formed. A usable organic material may
be copper phthalocyanine (CuPc), N,N'-dinaphthalene-1-yl-
N,N'-diphenyl-benzidine (NPB), or tris-8-hydroxyquinoline
aluminum (Alg3).

[0053] When the organic emission layer 180 is a polymer
organic layer formed of a polymer organic material, a hole
transport layer (HTL) alone may be formed on the organic
emission layer 180 in a direction toward the pixel electrode
151. The hole transport layer may be formed on a pixel
electrode 151 and may be formed of poly-2,4-ethylene-dihy-
droxy thiophene (PEDOT), polyaniline (PANT), or the like
through ink-jet printing or spin coating. The organic emission
layer 180 may be formed of PPV, soluble PPV’s, cyano-PPV,
polyfluorene, or the like, and may be formed by ink-jet print-
ing, spincoating, or thermal transference using a laser, to have
a color pattern.

[0054] In an organic light emitting display device accord-
ing to the current exemplary embodiment, at least two
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increases in efficiency may be achieved. First, the semicon-
ductor layer 136 and the source and drain electrodes 141 and
142 may be simultaneously patterned. Second, the semicon-
ductor layer 136 may be doped with ions using as a mask the
planarization layer 113 having the opening 114 formed
therein as a via hole for connecting the drain electrode 142 to
the pixel electrode 151. As aresult of efficiency increases, the
number of mask processes may be significantly reduced. In
addition, by the heating process, a metal may be diffused in
the second source and drain areas 134 and 135 so that
increased contact resistance, between the source and drain
electrodes 141 and 142 and the first source and drain areas
132 and 133, that otherwise could arise a small contact area
between the source and drain electrodes 141 and 142 and the
first source and drain areas 132 and 133, may be avoided.
[0055] Referring to FIG. 3, the organic light emitting dis-
play device according to the current exemplary embodiment
may further include a spacer 170 on the pixel defining layer
160 of the organic light emitting display device according to
the previous exemplary embodiment. An organic emission
layer 180 may be formed on the pixel electrode 152 and an
opposite electrode 190 may be formed on the spacer 170.
[0056] Referring to FIG. 13, a layer of material for forming
the pixel defining layer 160 and a layer of material for form-
ing the spacer 170 may be sequentially formed, e.g., depos-
ited, on the structure illustrated in FIG. 1. In the current
exemplary embodiment, both the pixel defining layer 160 and
the spacer 170 may be formed of polyimide. The spacer 170
may protect the organic emission layer 180 from external
impacts.

[0057] Before the pixel defining layer 160 is patterned, the
layer of material for forming the spacer 170 may be deposited
on the pixel defining layer 160, and then the pixel defining
layer 160 and the spacer 170 may be simultaneously pat-
terned using a mask M5'. When the pixel defining layer 160
and the spacer 170 have the same pattern, the mask M5' may
be a general mask including only a light transmission part and
alight blockage part. However, when the pixel defining layer
160 and the spacer 170 have a different pattern from each
other, the mask M5' may be a half-tone mask that may further
include a semi-transmission part as illustrated in FIG. 13.
[0058] After thepixel defining layer 160 and the spacer 170
are patterned using the mask M5', the organic emission layer
180 and the opposite electrode 190 may be formed on the
resultant structure. In some cases, a sealing member (not
shown) may be further formed on the opposite electrode 190
to protect the emission layer 180 from external moisture or
oxygen.

[0059] In the organic light emitting display device accord-
ing to the current exemplary embodiment, the semiconductor
layer 136 and the source and drain electrodes 141 and 142
may be simultaneously patterned, and the pixel defining layer
160 and the spacer 170 may be simultaneously patterned. As
a result, the number of mask patterning processes may be
significantly reduced. In addition, increased contact resis-
tance between the source and drain electrodes 141 and 142
and the first source and drain areas 132 and 133, that other-
wise could arise from a small contact area between the source
and drain electrodes 141 and 142 and the first source and drain
areas 132 and 133, may be avoided by dispersing a metal into
the second source and drain areas 134 and 135, as described
above.

[0060] Although an organic light emitting display device is
described according to an exemplary embodiment of the
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present invention, the thin film transistor according to an
embodiment of the present invention may also be used in
various other display devices, such as a liquid crystal display
device. Such variation can be sufficiently understood by those
of ordinary skill in the art.

[0061] As described above, embodiments of the present
invention may have one or more of the following advantages.
First, a semiconductor layer and source and drain electrodes
may be simultaneously patterned so that the number of mask
processes may be reduced. Second, a pixel defining layer and
a spacer may be simultaneously patterned, also thereby
reducing the number of mask processes. Third, the semicon-
ductor layer may be doped with ions without having to use an
additional masking process by making expanded use of a
mask process which may be performed to connect a pixel
electrode to a source/drain electrode. Fourth, an increase in
contact resistance, that otherwise could be due to a small
contact area between a source/drain electrode and a doped
area of the semiconductor layer, may be reduced or prevented
by dispersing a metal of the source/drain electrode in the
semiconductor layer.

[0062] Exemplary embodiments of the present invention
have been disclosed herein, and although specific terms are
employed, they are used and are to be interpreted in a generic
and descriptive sense only and not for purpose of limitation.
Accordingly, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made without departing from the spirit and scope of the
present invention as set forth in the following claims.

What is claimed is:

1. A thin film transistor, comprising:

a substrate;

a gate electrode disposed on the substrate;

a gate insulating layer disposed on the gate electrode and
the substrate;

a semiconductor layer, disposed on the gate insulating
layer, including at least the following,

a channel area corresponding to the gate electrode,

first source and drain areas doped with an impurity out-
side the channel area,

second source and drain areas, including a metal, outside
the first source and drain areas, and

source and drain electrodes disposed on the second
source and drain areas and exposing the first source
and drain areas;

a planarization layer disposed on the gate insulating layer,
the source and drain electrodes, and the channel area,
and having openings exposing parts of the first source
and drain areas and the source and drain electrodes,
respectively; and

a pixel electrode disposed on the planarization layer and
electrically connected to one of the source and drain
electrodes through one of the openings.

2. The thin film transistor as claimed in claim 1, wherein
the metal included in the second source and drain areas
includes a metal forming the source and drain electrodes.

3. The thin film transistor as claimed in claim 2, wherein
the metal forming the source and drain electrodes includes at
least one of Al, Cu, Mo, W, Cr, and Pt.

4. The thin film transistor as c¢laimed in ¢laim 1, wherein
end parts of the semiconductor layer have the same pattern as
end parts of the source and drain electrodes, respectively.

5. The thin film transistor as claimed in claim 1, wherein
the semiconductor layer includes polycrystalline silicon.
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6. The thin film transistor as claimed in claim 1, further
comprising a buffer layer disposed on the substrate.

7. An organic light emitting display device, comprising:

a substrate;

a gate electrode disposed on the substrate;

a gate insulating layer disposed on the gate electrode and

the substrate;

a semiconductor layer, disposed on the gate insulating
layer, including at least the following,

a channel area corresponding to the gate electrode,

first source and drain areas doped with an impurity out-
side the channel area,

second source and drain areas, including a metal, outside
the first source and drain areas, and

source and drain electrodes disposed on the second
source and drain areas and exposing the first source
and drain areas;

a planarization layer disposed on the gate insulating layer,
the source and drain electrodes, and the channel area,
and having openings exposing parts of the first source
and drain areas and the source and drain electrodes,
respectively;

a pixel electrode disposed on the planarization layer and
electrically connected to one of the source and drain
electrodes through one of the openings;

a pixel defining layer disposed on the planarization layer
and the pixel electrode and exposing a part of the pixel
electrode;

an organic emission layer disposed on the exposed pixel
electrode; and

an opposite electrode disposed on the organic emission
layer.

8. The organic light emitting display device as claimed in
claim 7, further comprising a spacer disposed on the pixel
defining layer.

9. The organic light emitting display device as claimed in
claim 8, wherein the pixel defining layer and the spacer are
formed of the same material.

10. The organic light emitting display device as claimed in
claim 7, wherein end parts of the semiconductor layer have
the same pattern as end parts of the source and drain elec-
trodes, respectively.

11. A method of manufacturing a thin film transistor, the
method comprising:

providing a starting structure including a substrate and a
gate electrode disposed thereon, a gate insulating layer
disposed on the gate electrode and the substrate, a semi-
conductor layer disposed on the gate insulating layer,
and a conductive layer including a metal disposed on the
semiconductor layer;

simultaneously patterning the semiconductor layer and the
conductive layer to expose a first part of the semicon-
ductor layer including a portion thereof corresponding
to the gate electrode and to form the source and drain
electrodes;

forming a planarization layer on the gate insulating layer,
the source and drain electrodes, and the first part of the
semiconductor layer;

forming openings in the planarization layer to expose sec-
ond parts of the semiconductor layer outside the first part
thereof;

doping the exposed second parts of semiconductor layer
with an impurity; and
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dispersing the metal of the source and drain electrodes into
the semiconductor layer by heat treating the source and
drain electrodes.

12. The method as claimed in claim 11, wherein, when
forming openings in the planarization layer to expose the
second parts of the semiconductor layer, end parts of the
semiconductor layer and an end part of each of the source and
drain electrodes, respectively, are patterned to have the same
pattern.

13. The method as claimed in claim 11, wherein, in the
dispersing of the metal into the semiconductor layer, a tem-
perature of the heat treating is equal to or higher than a
melting point of the conductive layer.

14. The method as claimed in claim 11, further comprising:

forming a pixel electrode on the planarization layer and on
one of the source and drain electrodes in one of the
openings;

forming a pixel defining layer on the pixel electrode;

patterning the pixel defining layer to expose a part of the
pixel electrode; and
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forming an organic emission layer and an opposite elec-

trode on the pixel defining layer.

15. The method as claimed in claim 14, further comprising
forming a spacer on the pixel defining layer.

16. The method as claimed in claim 15, wherein the pixel
defining layer and the spacer are simultaneously patterned
using a half-tone mask.

17. The method as claimed in claim 15, wherein the pixel
defining layer and the spacer are formed of the same material.

18. The method as claimed in claim 11, further comprising
forming a buffer layer on the substrate.

19. The method as claimed in claim 11, wherein forming
the semiconductor layer includes:

depositing an amorphous silicon layer on the gate electrode

and on the gate insulating layer; and

crystallizing the amorphous silicon layer to form a poly-

crystalline silicon layer as the semiconductor layer.

20. The method as ¢laimed in claim 11, wherein simulta-
neously patterning the semiconductor layer and the conduc-
tive layer includes using a half-tone mask.
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