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(57) ABSTRACT

A thin film transistor (TFT), a method of fabricating the same,
and an organic light emitting diode (OLED) display device
having the TFT. The TFT includes: a substrate; a polycrys-
talline silicon (poly-Si) semiconductor layer disposed on the
substrate, including source, drain, and channel regions, a
crystallization-inducing metal, first gettering sites disposed
on opposing edges of the semiconductor layer, and a second
gettering site spaced apart from the first gettering sites; a gate
insulating layer disposed on the semiconductor layer; a gate
electrode disposed on the gate insulating layer; an interlayer
insulating layer disposed on the gate electrode; and source
and drain electrodes disposed on the interlayer insulating
layer and electrically connected to the source and drain
regions of the semiconductor layer.
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THIN FILM TRANSISTOR, METHOD OF
FABRICATING THE SAME, AND ORGANIC
LIGHT EMITTING DIODE DISPLAY DEVICE
INCLUDING THE THIN FILM TRANSISTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2008-0068314, filed Jul. 14, 2008, the
disclosure of which is hereby incorporated herein, by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] Aspects of the present invention relate to a thin film
transistor (TFT), a method of fabricating the same, and an
organic light emitting diode (OLED) display device including
the TFT.

[0004] 2. Description of the Related Art

[0005] 1In general, a polycrystalline silicon (poly-Si) layer
is widely used as a semiconductor layer for a thin film tran-
sistor (TFT), because a poly-Si layer has a high field-effect
mobility and may be applied to a high-speed operating circuit,
or to a complementary-metal-oxide-semiconductor (CMOS)
circuit. A TFT using a poly-Si layer is typically used as an
active device of an active-matrix liquid crystal display (AM-
LCD), or as a switching device or a driving device of an
active-matrix organic light emitting diode display device
(AMOLED).

[0006] The crystallization of an amorphous silicon (a-Si)
semiconductor layer may be performed using a solid phase
crystallization (SPC) process, an excimer laser annealing
(ELA) process, a metal induced crystallization (MIC) pro-
cess. or a metal induced lateral crystallization (MILC) pro-
cess. Specifically, the SPC process includes annealing an a-Si
layer for several hours, to several tens of hours, at tempera-
tures below 700° C., which is the temperature at which a glass
substrate, used ina TFT for a display device, is deformed. The
ELA process includes heating an a-Si layer to a high tempera-
ture, in a short amount of time, by irradiating the a-Si layer
with an excimer laser. The MIC process includes bringing a
metal, such as nickel (Ni), palladium (Pd). gold (Au), or
aluminum (Al), into contact with an a-Si layer, or injecting
the metal into the a-Si layer, to phase change the a-Si layer
into a poly-Si layer. Also, the MILC process includes sequen-
tially inducing the crystallization of an a-Si layer, while lat-
erally diffusing a silicide, which is obtained by a reaction
between a metal and silicon.

[0007] However, since the SPC process involves annealing
asubstrate at ahigh temperature, for a long period oftime, the
substrate can be easily damaged. Also, the ELA process
requires an expensive laser apparatus and may damage the
crystallized surface, thereby degrading an interface between a
semiconductor layer and a gate insulating layer.

[0008] A vast amount of research has been conducted on
methods of crystallizing an a-Si layer using a metal, because
such methods allow an a-Si layer to be crystallized at a lower
temperature, for a shorter amount of time, than the SPC
method. Typical methods of crystallizing an a-Si layer using
a metal include an MIC method, an MILC method, and a
super grain silicon (SGS) crystallization method. In these
methods, however, the device characteristics of a TFT may be
degraded, due to contamination caused by a crystallization-
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inducing metal. Accordingly, after an a-Si layer is crystallized
using the crystallization-inducing metal, a gettering process
is performed to remove the remaining crystallization-induc-
ing metal.

[0009] A gettering site is formed in a semiconductor layer,
in order to perform the gettering process. Conventionally, the
formation of the gettering site involves implanting a gettering
material into a region of the semiconductor layer, using a
contact hole, which is used to connect source and drain
regions of the semiconductor layer with source and drain
electrodes. However, when a distance between a channel
region and the contact hole is increased, a gettering process
that uses only the contact hole gettering site is not very effec-
tive.

SUMMARY OF THE INVENTION

[0010] Aspects of the present invention provide a thin film
transistor (TFT) including a semiconductor layer formed of a
polycrystalline silicon (poly-Si) layer, which is crystallized
using a crystallization-inducing metal. The crystallization-
inducing metal can be effectively gettered from a channel
region of the semiconductor layer, so as to improve the elec-
trical characteristics thereof, such as leakage current charac-
teristics. A method of fabricating the TFT, and an organic
light emitting diode (OLED) display device having the TFT,
are also provided.

[0011] According to an aspect of the present invention, a
TFT includes: a substrate; a semiconductor layer disposed on
the substrate, including source, drain, and channel regions; a
gate insulating layer disposed on the semiconductor layer; a
gate electrode disposed on the gate insulating layer; an inter-
layer insulating layer disposed on the gate electrode; and
source and drain electrodes disposed on the interlayer insu-
lating layer and electrically connected to the source and drain
regions of the semiconductor layer. The semiconductor layer
is formed of a polycrystalline silicon (poly-Si) layer that is
crystallized using a crystallization-inducing metal. The semi-
conductor layer includes first gettering sites disposed on
opposing edges of the semiconductor layer, and a second
gettering site spaced apart from the first gettering site.
[0012] According to another aspect of the present inven-
tion, a method of fabricating a TFT includes: providing a
substrate; forming a semiconductor layer, including source,
drain, and channel regions, on the substrate, by patterning a
poly-Silayer that is crystallized using a crystallization-induc-
ing metal; forming a gate insulating layer on the semiconduc-
torlayer; forming a gate electrode on the gate insulating layer;
forming an interlayer insulating layer on the gate electrode;
forming a first hole and a second hole, by patterning the
interlayer insulating layer and the gate insulating layer; form-
ing gettering sites in regions of the semiconductor layer,
which are exposed by the first and second holes; gettering the
crystallization-inducing metal remaining in the channel
region of the semiconductor layer, using the gettering sites;
and forming source and drain electrodes that are electrically
connected to the source and drain regions of the semiconduc-
tor layer, through the first holes. The first holes expose regions
of the semiconductor layer, and the second hole is spaced
apart from the first holes.

[0013] According to yet another aspect of the present
invention, an OLED display device includes: a substrate; a
semiconductor layer disposed on the substrate and including
source, drain, and channel regions; a gate insulating layer
disposed on the semiconductor layer; a gate electrode dis-
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posed on the gate insulating layer; an interlayer insulating
layer disposed on the gate electrode; source and drain elec-
trodes disposed on the interlayer insulating layer and electri-
cally connected to the source and drain regions of the semi-
conductor layer, respectively; a first electrode electrically
connected to one of the source and drain electrodes; an
organic layer disposed on the first electrode and including an
emission layer (EML); and a second electrode disposed on
the organic layer. The semiconductor layer is formed of a
poly-Silayer thatis crystallized using a crystallization-induc-
ing metal. The semiconductor layer includes first gettering
sites disposed on opposing edges of the semiconductor layer,
and a second gettering site that is spaced apart from the first
gettering sites.

[0014] Additional aspects and/or advantages of the inven-
tion will be set forth in part in the description which follows
and, in part, will be obvious from the description, or may be
learned by practice of the invention

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] These and/or other aspects and advantages of the
invention will become apparent and more readily appreciated
from the following description of the embodiments, taken in
conjunction with the accompanying drawings of which:
[0016] FIGS. 1A through 1D are cross-sectional views
illustrating a crystallization process, according to an exem-
plary embodiment of the present invention;

[0017] FIGS.2A,2B,2D, and 2E are cross-sectional views
illustrating a process of fabricating a thin film transistor
(TFT), according to an exemplary embodiment of the present
mvention,;

[0018] FIG. 2C is a plan view corresponding to the cross-
sectional view of FIG. 2B;

[0019] FIGS. 3A through 3D are plan views illustrating a
process of fabricating a dual-gate TFT, according to another
exemplary embodiment of the present invention;

[0020] FIGS. 4A through 4D are cross-sectional views
illustrating the process of fabricating the dual-gate TFT cor-
responding to FIGS. 3A through 3D; and

[0021] FIG. 5 is a cross-sectional view of an organic light
emitting diode (OLED) display device, according to an exem-
plary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0022] Reference will now be made in detail to the exem-
plary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings, wherein
like reference numerals refer to the like elements throughout.
The exemplary embodiments are described below, in order to
explain the aspects of the present invention, by referring to the
figures.

[0023] As referred to herein, when a first element is said to
be disposed or formed “on”, or “adjacent to”, a second ele-
ment, the first element can directly contact the second ele-
ment, or can be separated from the second element by one or
more other elements located therebetween. In contrast, when
anelement is referred to as being disposed or formed “directly
on” another element, there are no intervening elements
present. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
[0024] FIGS. 1A through 1D are cross-sectional views
illustrating a crystallization process, according to an exem-
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plary embodiment of the present invention. Referring to FIG.
1A, a buffer layer 110 is formed on a substrate 100, such as a
glass substrate, or a plastic substrate. The buffer layer 110
may be formed using a chemical vapor deposition (CVD)
technique, or a physical vapor deposition (PVD) technique.
The buffer layer 110 may be formed of one or more insulating
layers, such as a silicon oxide layer or a silicon nitride layer.
The buffer layer 110 may prevent the diffusion of moisture or
impurities generated in the substrate 100, or may control the
transmission heat during a crystallization process, thereby
facilitating the crystallization of an amorphous silicon (a-Si)
layer.

[0025] Thereafter, an a-Si layer 120 is formed on the buffer
layer 110. The a-Si layer 120 may be formed using a CVD or
a PVD technique. Also, a dehydrogenation process may be
performed during or after the formation of the a-Si layer 120,
thereby lowering the concentration of hydrogen in the a-Si
layer 120.

[0026] Thea-Silayer 120 is then crystallized into a poly-Si
layer. The a-Si layer 120 may be crystallized into the poly-Si
layer, by a crystallization method using a crystallization-
inducing metal, such as a metal induced crystallization (MIC)
method, a metal induced lateral crystallization (MILC)
method, or a super grain silicon (SGS) crystallization
method.

[0027] Inthe SGS crystallization method, a crystallization-
inducing metal is diffused into an a-Si layer, at a low concen-
tration, such that the crystal grain size thereof, ranges from
several um to several hundred pm. For example, the SGS
crystallization method may include: forming a capping layer,
for controlling the diffusion of a crystallization-inducing
metal, on the a-Si layer; forming a crystallization-inducing
metal layer on the capping layer; and annealing the crystalli-
zation-inducing metal layer, to diffuse a crystallization-in-
ducing metal into the a-Si layer, and thereby crystallize the
a-Si layer into a poly-Si layer. Alternatively, the concentration
of a crystallization-inducing metal may be lowered, by form-
ing a crystallization-inducing metal layer at a low concentra-
tion, without forming a capping layer.

[0028] According to the SGS crystallization method using
a capping layer, the concentration of a crystallization-induc-
ing metal is controlled more effectively than in the MIC or
MILC methods. Thus, the SGS crystallization method will
now be described.

[0029] FIG. 1B is a cross-sectional view illustrating a pro-
cess of forming a capping layerand a crystallization-inducing
metal layer on the a-Si layer. Referring to F1G. 1B, a capping
layer 130 is formed on the a-Si layer 120. The capping layer
130 may be a silicon nitride layer, into which a crystalliza-
tion-inducing metal may diffuse during a subsequent anneal-
ing process, or may be a double layer of a silicon nitride layer
and a silicon oxide layer.

[0030] The capping layer 130 may be formed using a CVD
technique or a PVD technique. The capping layer 130 may be
formed to a thickness of about 1 to 2000 A. When the capping
layer 130 is formed to a thickness of less than about 1 A, the
capping layer 130 may not properly control the amount of
crystallization-inducing metal that diffuses into the a-Si layer
120. When the capping layer 130 is formed to a thickness of
more than about 2000 A, only a small amount of crystalliza-
tion-inducing metal diffuses into the a-Si layer 120, thereby
possibly resulting in an incomplete crystallization of the a-Si
layer 120.
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[0031] Thereafter, a crystallization-inducing metal is
deposited on the capping layer 130, thereby forming a crys-
tallization-inducing metal layer 140. The crystallization-in-
ducing metal may include one selected from the group con-
sisting of Ni, Pd, Ag, Au, Al, Sn, Sh, Cu, Tr, and Cd. If the
crystallization-inducing metal is Ni, the crystallization-in-
ducing metal layer 140 may be formed with a surface density
of about 10! to 10*° atoms/cm?, on the capping layer 130.
[0032] When the crystallization-inducing metal layer 140
is formed with a surface density lower than about 10! atoms/
cm?, only a small number of seeds may be formed, thereby
hindering the crystallization of the a-Si layer 120 into a poly-
Silayer. When the crystallization-inducing metal layer 140 is
formed with a surface density of more than about 10'® atoms/
cm?, the amount of crystallization-inducing metal diffusing
into the a-Si layer 120 may be increased, thereby reducing the
crystal grain size of the poly-Si layer. Also, the amount of the
remaining crystallization-inducing metal may be increased,
so thatthe characteristics of a semiconductor layer, formed by
patterning the poly-Si layer, may be degraded.

[0033] FIG. 1C is a cross-sectional view illustrating a pro-
cess of annealing the substrate 100, to diffuse the crystalliza-
tion-inducing metal through the capping layer 130 and into
the a-Si layer 120. Referring to FIG. 1C, the substrate 100,
including the buffer layer 110, the a-Si layer 120, the capping
layer 130, and the crystallization-inducing metal layer 140, is
annealed (refer to 150), so that part of the crystallization-
inducing metal of the crystallization-inducing metal layer
140 may diffuse into the surface of the a-Si layer 120. Spe-
cifically, during the annealing process 150, only a small
amount of crystallization-inducing metal 14056 is diffused
into the surface of the a-Si layer 120, while a large amount of
crystallization-inducing metal 140a neither reaches the a-Si
layer 120, nor passes through the capping layer 130.

[0034] Thus, the amount of crystallization-inducing metal
diffused into the surface of the a-Si layer 120 may depend on
the diffusion barrier characteristics of the capping layer 120,
which are closely related to the thickness and/or density of the
capping layer 130. In other words, as the thickness and/or
density of the capping layer 130 increases, the diffused
amount of crystallization-inducing metal decreases, and the
crystal grain size increases. Conversely, as the thickness and/
or density of the capping layer 130 decreases, the diffused
amount of crystallization-inducing metal increases, and the
crystal grain size decreases.

[0035] In this case, the annealing process 150 may be per-
formed at a temperature of about 200 to 900° C., for from
several seconds to several hours. When the annealing process
150 is performed under the above-described time and tem-
perature conditions, the deformation of the substrate 100, due
to overheating, may be prevented, and desired fabrication
costs and yields may be achieved. The annealing process 150
may be performed using any one of a furnace process, a rapid
thermal annealing (RTA) process, an ultraviolet (UV) pro-
cess, and a laser process.

[0036] FIG. 1D is a cross-sectional view illustrating a pro-
cess of crystallizing the a-Si layer 140 into a poly-Si layer
160, using the diffused crystallization-inducing metal 1405.
Referring to FIG. 1D, due to the crystallization-inducing
metal 1405 that passes through the capping layer 130 and
diffuses into the surface of the a-Si layer 120, the a-Si layer
120 is crystallized into the poly-Si layer 160. That is, the
diffused crystallization-inducing metal 1405 combines with
the Si of the a-Si layer 120, to form a metal silicide. Thus, the
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metal silicide forms crystallization nuclei (i.e., seeds),
thereby crystallizing the a-Si layer 120 into the poly-Si layer
160.

[0037] FIG. 1D illustrates that the annealing process is
performed on the structure having the capping layer 130 and
the crystallization-inducing metal layer 140. However, after
the crystallization-inducing metal is diffused into the surface
of the a-Si layer 120, the capping layer 130 and the crystalli-
zation-inducing metal layer 140 may be removed, before the
annealing process is performed.

[0038] FIGS.2A, 2B, 2D, and 2E are cross-sectional views
illustrating a process of fabricating a thin film transistor
(TFT), according to an exemplary embodiment of the present
invention, and FIG. 2C is a plan view corresponding to the
cross-sectional view of FIG. 2B. Referring to FIG. 2A, the
capping layer 130 and the crystallization-inducing metal
layer 140 are removed, and the poly-Si layer (refer to 160 in
F1G.1D) s patterned, thereby forming a semiconductor layer
210 on the buffer layer 110. The poly-Si layer 160 may
alternatively be patterned during a subsequent process.
[0039] Thereafter, a gate insulating layer 220 is formed on
the semiconductor layer 210 and the buffer layer 110. The
gate insulating layer 220 may be a silicon oxide layer, a
silicon nitride layer, or a multi-layer thereof.

[0040] A metal layer (not shown) for a gate electrode is
formed on the gate insulating layer 220. The metal layer may
beasingle layer formed of aluminum (Al), or an Al alloy, such
as an aluminum-neodymium (Al—Nd) alloy, or may include
multiple layers formed by stacking an Al alloy layer on a
chrome (Cr) layer or a molybdenum (Mo) alloy layer. The
metal layer may be etched using photolithography and etch-
ing processes, thereby forming a gate electrode 230.

[0041] Thereafter, a predetermined amount of conductive
ions 240 may be implanted into the semiconductor layer 210,
using the gate electrode 230 as a mask, thereby forming
source and drain regions 211 and 213, and a channel region
212 disposed therebetween. The conductive ions may be
p-type ions or n-type ions. The p-type ions may be ions of one
selected from the group consisting of boron (B), aluminum
(Al), gallium (Ga), and indium (In). The n-type ions may be
ions of one selected from the group consisting of phosphorus
(P), arsenic (As), and antimony (Sb). Alternatively a photo-
resist pattern may be formed before the gate electrode 230 is
formed, and the conductive ions 240 may be implanted into
the semiconductor layer 210, using the photoresist pattern as
a mask.

[0042] Referring to FIGS. 2B and 2C, an interlayer insu-
lating layer 250 is formed on the entire surface of the gate
electrode 230. The interlayer insulating layer 250 may be a
silicon nitride layer, a silicon oxide layer, or a multi-layer
thereof.

[0043] Subsequently, regions of the interlayer insulating
layer 250 and the gate insulating layer 220 may be etched,
thereby forming first holes 261 and a second hole 262. The
first holes 261 expose regions of the source and drain regions
211 and 213. The second hole 262 is spaced apart from the
first holes 261. For example, the second hole 262 can be
formed between the first holes 261. The first holes 261 are
contact holes for electrically connecting the source and drain
regions 211 and 213 with subsequently formed source and
drain electrodes. Thus, the first holes 261 are formed in edges
of the semiconductor layer 210, that is, at edges of the source
and drain regions 211 and 213. The second hole 262 can
improve gettering efficiency.
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[0044] Thereafter, gettering sites 271 and 272, used for
gettering the remaining crystallization-inducing metal from
the channel region 212, are formed using the first and second
holes 261 and 262, in the regions of the semiconductor layer
210 that are exposed by the first and second holes 261 and
262. The first gettering sites 271 are formed using the first
holes 261, while the second gettering site 272 is formed using
the second hole 262. Since the crystallization-inducing metal
remaining in the channel region 212 is gettered into the first
and second gettering sites 271 and 272, the concentration of
the crystallization-inducing metal is higher in the first and
second gettering sites 271 and 272 than in the channel region
212.

[0045] Thesecond gettering site 272 may be disposed in the
drain region 213. When the second gettering site 272 is
formed in the source region 211, even if a distance from an
interface between the source region 211 and the channel
region 212, to the second gettering site 272, is increased, a
leakage current does not significantly vary. However, when
the second gettering site 272 is formed in the drainregion 231,
as a distance from an interface between the drain region 213
and the channel region 212, to the gettering site 272, is
increased, a leakage current gradually increases. Accord-
ingly, since the leakage current is affected by a gettering site
disposed in the drain region 213, more than by a gettering site
disposed in the source region 211, the second gettering site
272 may be disposed in the drain region 213.

[0046] The second gettering site 272 may be disposed
within a distance of about 0.5 to 10 pm from the interface
between the channel region 212 and the drain region 213.
When the second gettering site 272 is disposed at more than
about 0.5 pm from the interface between the channel region
212 and the drain region 213, damage to the gate electrode
230 may be prevented during the formation ofthe second hole
262. When the second gettering site 272 is disposed less than
about 10 pm from the interface between the channel region
212 and the drain region 213, gettering efficiency can be
further enhanced. At least two of the second gettering sites
272 may be formed, in order to increase gettering efficiency.

[0047] The formation of the first and second gettering sites
271 and 272 may be performed using: a method of implanting
impurities for gettering into the semiconductor layer 210,
using the first and second holes 261 and 262; a method of
forming a lattice damage region using a plasma; or a method
of forming a metallic layer, including a metallic material
other than the crystallization-inducing metal. Since the
method of forming the metallic layer material exhibits a high
gettering efficiency, it will now be described.

[0048] Referring to FIG. 2D, a metallic layer 280 is formed
on the interlayer insulating layer 250 having the first and
second holes 261 and 262. The metallic layer 280 can be a
metal layer, a metal silicide layer, or a multi-layer thereof.
The metal layer and the metal silicide layer may be formed
using a metal having a lower diffusion coefficient than the
crystallization-inducing metal in the semiconductor layer
210, an alloy of the metal. The diffusion coefficient of the
metallic layer 280, or components thereof, may be Vi, or
less, of that of the diffusion coefficient of the crystallization-
inducing metal in the semiconductor layer 210. When the
diffusion coefficient of the metallic layer 280 is less than
about Yoo of that of the crystallization-inducing metal, the
metal or metal silicide may be prevented from departing from
the gettering sites 271 and 272, which contact the metallic
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layer 280, and may be prevented from diffusing into other
regions of the semiconductor layer 210.

[0049] Nickel (Ni) is widely used as a crystallization-in-
ducing metal in a semiconductor layer. Since Ni has a diffu-
sion coefficient of about 107> cm?/s, or less, ina semiconduc-
tor layer, the metallic layer 280 may be formed of a metal or
metal silicide having a diffusion coefficient that is less than
about Y100 of the diffusion coefficient of Ni, when Ni is used
in the semiconductor layer 210. For example, the metallic
layer 280, or components thereof, can have a diffusion coef-
ficient between 0 and 1077 cm?/s. The metallic layer 280 may
include one selected from the group consisting of Sc, Ti, Zr,
Hf, V,Nb, Ta, Cr, Mo, W, Mn, Re, Ru, Os, Co, Rh, Ir, Pt, Y, Ta,
La, Ce, Pr,Nd, Dy, Ho, TiN, TaN, an alloy thereof, and a metal
silicide thereof.

[0050] Also, the metallic layer 280 may be formed to a
thickness of about 30 to 2000 A. When the metallic layer 280
is formed to a thickness of less than about 30 A, the crystal-
lization-inducing metal may not be effectively gettered into
the gettering sites 271 and 272. When the metallic layer 280
is formed to a thickness of more than about 2000 A, the
substrate 200 may be deformed, due to the thermal expansion
of the metallic layer 280.

[0051] Thereafter, a thermal oxidation barrier layer 290
may be formed on the metallic layer 280. The thermal oxida-
tion barrier layer 290 may prevent the oxidation of the metal-
liclayer 280, and/or the reaction of the metallic layer 280 with
a gas, such nitrogen, during a subsequent annealing process,
thereby inhibiting the transformation of the surface of the
metallic layer 280. The thermal oxidation barrier layer 290
may be a silicon oxide layer or a silicon nitride layer. The
thermal oxidation barrier layer 290 may be omitted, when the
annealing process is carried out in an inert atmosphere.
[0052] The annealing process is performed, in order to
remove (getter) the crystallization-inducing metal remaining
in the semiconductor layer 210, specifically, from the channel
region 212 of the semiconductor layer 210. Thus, a metal of
the metallic layer 280 may diffuse into the semiconductor
layer 210 and/or combine with the Si of the semiconductor
layer 210, to form a metal silicide. Alternatively, a metal
silicide of the metallic layer 280 may diffuse into the semi-
conductor layer 210. As a result, the metal and/or metal sili-
cide is diffused into the surface of the semiconductor layer
210 to a predetermined depth, in the gettering sites 271 and
272. The metal and/or metal silicide may be diffused into the
surface of the semiconductor layer 210, to a depth of about 2
to 400 A, although the depth of the region may be varied,
according to an annealing temperature and an annealing time.
[0053] When the crystallization-inducing metal diffuses
from the channel region 212 of the semiconductor layer 210,
into the gettering sites 271 and 272, due to the annealing
process, the crystallization-inducing metal precipitates in the
gettering sites 271 and 272, and is trapped. This is because the
crystallization-inducing metal is thermodynamically more
stable in the gettering sites 271 and 272, which contain the
metal and/or metal silicide, than in the semiconductor layer
210. Based on the above-described principle, the crystalliza-
tion-inducing metal can be removed from the channel region
212.

[0054] The annealing process may be performed at a tem-
perature of from about 500 to 993° C., for from 10 seconds to
10 hours. When the annealing process is performed at a tem-
perature of lower than 500° C., the crystallization-inducing
metal may not diffuse in the semiconductor layer 210 and
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may not move to the gettering sites 271 and 272. Also, the
annealing process may be performed at a temperature of less
than about 993° C., because the eutectic point of Ni (the
crystallization-inducing metal in the semiconductor layer
210) is 993° C.

[0055] When the annealing process is performed for less
than 10 seconds, it may be difficult to sufficiently remove the
crystallization-inducing metal from the channel region 212.
When the annealing process is performed for longer than 10
hours, the substrate 100 may be deformed, and problems may
be caused in terms of fabrication costs and yields. When the
annealing process is performed at a relatively high tempera-
ture, it is possible to remove the crystallization-inducing
metal in a relatively short amount of time.

[0056] Referring to FIG. 2E, the thermal oxidation barrier
layer 290 and the metallic layer 280 are removed. Then source
and drain electrodes 292 and 293 are formed. The source and
drain electrodes 292 and 293 are connected to the source and
drain regions 211 and 213, through the first holes 261. The
source and drain electrodes 292 and 293 may be formed of
one selected from the group consisting of molybdenum (Mo),
chrome (Cr), tungsten (W), molybdenum-tungsten (MoW),
aluminum (Al), aluminum-neodymium (Al—Nd), titanium
(i), titanium nitride (TiN), copper (Cu), a Mo alloy, an Al
alloy, and a Cu alloy.

[0057] A conductive pattern 291 may optionally be formed
in the second hole 262. The conductive pattern 291 may be a
resistance reducer. The conductive pattern 291 may be
formed by patterning the metallic layer 280. After the source
and drain electrodes 292 and 293 and the conductive pattern
291 are formed, a TFT according to the exemplary embodi-
ment of the present invention is completed.

[0058] Table 1 shows a comparison of leakage currents of a
TFT having a second gettering site (Example 1), according to
the exemplary embodiment of the present invention, and a
conventional TFT having no second gettering site (Compara-
tive Example 1). In both of the TFTs, a channel region of a
semiconductor layer has a width of about 25 pm and a length
of about 20 pm. In addition, the distance from an interface of
the channel region to a first gettering site is about 50 pm. In
Example 1, adistance from the interface of the channel region
to the second gettering site is 4 pm.

TABLE 1
Leakage current (A/um)
Example 1 8.92* 10713
Comparative Example 1 3.15% 10712

[0059] Referring to Table 1, the leakage current of Example
1 was markedly reduced, as compared to Comparative
Example 1.

[0060] Table 2 shows a comparison of leakage currents of
Examples 1-3, according to exemplary embodiments of the
present invention, which were TFTs having different num-
bers of second gettering sites, and a conventional Compara-
tive Example 1, which was a TFT having no second gettering
site. Inall the TFTs, a channel region of a semiconductor layer
had a width of about 25 um and a length of about 20 um, and
the distance from an interface of the channel regions to a first
gettering site was about 50 pm. In Examples 1-3, the distance
from the interface of the channel region to the second getter-
ing site was 4 pm.
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TABLE 2

Leakage current (A/um)

Comparative Example 1 (TFT with no second 3.15 %1072

gettering site)

Example 1 (TFT with 1 second gettering site) 8.92% 10713
Example 2 (TFT with 2 second gettering sites) 5.44 % 10713
Example 3 (TFT with 3 second gettering sites) 5.07 * 10713

[0061] Referring to Table 2, it can be confirmed that in
Examples 2 and 3, which included at least two second getter-
ing sites, the leakage current was reduced, as compared to
Comparative Example 1, which had only one second getter-
ing site.

[0062] Table 3 shows a comparison of leakage currents of
TFTs, when a distance from an interface between a channel
region and a drain region, to a gettering site formed in the
drain region, was 4 um, 10 pm, 30 um, and 50 pm, respec-
tively. In all the TFTs, the channel regions had a width of
about 25 um and a length of about 20 pum, and the distance
from the interface between the channel region and a source
region, to a gettering site formed in the source region, was
about 4 um.

[0063] Table 4 shows a comparison of leakage currents of
TFTs, when a distance from an interface between a channel
region and a source region, to a gettering site formed in the
source region, was 4 pm, 10 pm, 30 um, and 50 pum, respec-
tively. In all the TFTs, the channel region had a width of about
25 um and a length of about 20 pum, the distance from an
interface between the channel region and a drain region, to a
gettering site formed in the drain region was about 4 pm.

TABLE 3

Distance from interface between

channel region and drain region to Leakage current

gettering site formed in drain region (A/um)
4 um 547*107°13
10 ym 7.60* 10713
30 pm 233% 10712
50 pm 3.06% 10712
TABLE 4

Distance from interface between
channel region and source region to

gettering site formed in source region Leakage current (A/um)

4 um 547% 10713
10 pm 533 %1071
30 pm 5.80* 10712
50 pm 6.20 % 10713

[0064] Referring to Tables 3 and 4, even when the distance
from the interface between the channel region and the source
region, to the gettering site formed in the source region, was
increased, the leakage current did not significantly vary. On
the other hand, when the distance from the interface between
the channel region and the drain region, to the gettering site
formed in the drain region, was increased, the leakage current
also increased. Accordingly, since the leakage current was
more affected by the gettering site formed in the drain region,
than by the gettering site formed in the source region, an
additional second gettering site may be formed in the drain
region.
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[0065] Table 5 shows a comparison of leakage currents of
TFTs, when a distance from an interface of a channel region,
to each of gettering sites formed in source and drain regions
was 4 um, 10 um, 30 um, and 50 pm, respectively. In all the
TFTs, the channel region had a width of about 25 pm and a
length of about 20 pm.

TABLE 5

Distance from interface of

channel region to each of gettering Leakage current

sites formed in source and drain regions (A/pm)
4um 5471074
10 ym 8.91 %1074
30 pm 3.19*10712
50 um 3.15%10°12

[0066] Referring to Table 5, when the distance from the
interface of the channel region, to each gettering site, was
more than 10 pym, a high leakage current of at least 1072
A/um was generated. Therefore, an additional second getter-
ing site may be formed within a distance of about 10 um from
the interface of the channel region.

[0067] FIGS. 3A through 3D are plan views illustrating a
process of fabricating a dual-gate TFT, according to another
exemplary embodiment of the present invention, and FIGS.
4A through 4D are cross-sectional views taken along lines
1A-1A', of FIGS. 3A through 3D, respectively. The process of
fabricating the dual-gate TFT will now be described, with
reference to the method shown in FIGS. 2A through 2E,
except for particulars mentioned below.

[0068] Referring to FIGS. 3A and 4A, a poly-Si layer (refer
to 160 in FIG. 1D), obtained using an SGS crystallization
method as described with reference to FIGS. 1A and 1D, is
patterned, thereby forming a semiconductor layer 320 on a
substrate 300 having a buffer layer 310. In this case, the
semiconductor layer 320 includes body units 320« and 320c,
and a connection unit 3205 connecting the body units 3204
and 320¢. The body units 320a and 320c¢ are sides where
source regions, drain regions, and/or channel regions are
formed. That is, the semiconductor layer 320 may have a
C -shaped structure. Although FIG. 3A illustrates the semi-
conductor layer 320 with the “c”-shaped structure, the
present invention is not limited thereto. For example, the

semiconductor layer 320 may have a * E”-shaped structure, a
“2’-shaped structure, or a combination thereof.

[0069] Referring to FIGS. 3B and 4B, a gate insulating
layer 330 is formed on the semiconductor layer 320. A gate
electrode 340 is formed on the gate insulating layer 330. In
this case, the gate electrode 340 may intersect the body units
320¢ and 320c of the semiconductor layer 320. A portion 321
of the first body unit 320a that overlaps the gate electrode 340
may be referred to as a first gate, and a portion 322 of the
second body unit 320c that overlaps the gate electrode 340,
may be referred to as a second gate. As a result, a dual gate
structure is obtained.

[0070] When the semiconductor layer 320 has a plurality of
body units with a zigzag structure, instead of the “c’-shaped
structure, portions of the body units, which overlap the gate
electrode 340, can be referred to as gates. Therefore, a multi-
gate TFT may be fabricated.

[0071] Thereafter, a predetermined amount of conductive
ions may be implanted into the semiconductor layer 320,
using the gate electrode 340 as a mask. The portions 321 and
322 of the semiconductor layer 320, which overlap the gate
electrode 340, can be referred to as channel regions. Outer
regions of the body units 320a and 320¢, which are not
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connected to the connection unit 3205, can be referred to as
source and drain regions 323 and 324. Subsequently, an inter-
layer insulating layer 350 is formed on the entire surface of
the gate insulating layer 330 and the gate electrode 340.

[0072] Referring to FIGS. 3C and 4C, the interlayer insu-
lating layer 350 and the gate insulating layer 330 are etched,
thereby forming first holes 361 and a second hole 362. The
first holes 361 expose portions of the source and drain regions
323 and 324 of the semiconductor layer 320. The second hole
362 is spaced apart from the first holes 361 and partially
exposes a region between the channel regions 321 and 322.
The first holes 361 are contact holes for electrically connect-
ing the source and drain regions 323 and 324 with, subse-
quently formed source and drain electrodes. The second hole
362 is formed to increase gettering efficiency.

[0073] Thereafter, first gettering sites 371 and a second
gettering site 372, for gettering the remaining crystallization-
inducing metal from the channel regions 321 and 322, are
formed in predetermined regions of the semiconductor layer
320 that are exposed by the first and second holes 361 and
362. The first gettering sites 371 are formed using the first
holes 361, and the second gettering site 372 is formed using
the second hole 362.

[0074] The second gettering site 372 may be disposed
closer to the drain region 324 than to the source region 323.
When the second gettering site 372 is disposed close to the
source region 323, even if a distance from interfaces of the
channel region 321 and 322, to the second gettering site 372,
is increased, a leakage current does not significantly vary.
However, when the second gettering site 372 is formed close
to the drain region 324, as a distance from the interfaces of the
channel regions 321 and 322, to the second gettering site 372,
is increased, a leakage current gradually increases. Accord-
ingly, since the leakage current is affected by a gettering site
disposed close to the drain region 324, the second gettering
site 372 may be disposed closer to the drain region 324 than
to the source region 323.

[0075] Thesecond gettering site 372 may be disposed from
about 0.5 to 10 pm from the interfaces of the channel regions
321 and 322. When the second gettering site 372 is more than
about 0.5 pm from the interfaces of the channel regions 321
and 322, damage to the gate electrode 340 may be prevented,
during the formation of the second hole 362. When the second
gettering site 372 is disposed at less than about 10 pm from
the interfaces of the channel regions 321 and 322, the getter-
ing efficiency can be enhanced. At least two second gettering
sites 372 may be formed, in order to further enhance the
gettering efficiency.

[0076] The first and second gettering sites 371 and 372 may
be formed using: a method of implanting impurities into the
semiconductor layer 320, using the first and second holes 361
and 362; a method of using plasma to form a lattice damage
region; or a method of forming a region containing a metal
other than the crystallization-inducing metal or a silicide of
the metal. Thereafter, an annealing process may be per-
formed, to getter the crystallization-inducing metal from the
channel regions 321 and 322, into the first and second getter-
ing sites 371 and 372.

[0077] Referring to FIGS. 3D and 4D, source and drain
electrodes 381 and 382 are connected to the source and drain
regions 323 and 324, through the first holes 361. During the
formation of the source and drain electrodes 381 and 382, a
conductive pattern 383 may be formed, which is connected to
the semiconductor layer 320, through the second hole 362.
The conductive pattern 383 may be referred to as a resistance
reducer.
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[0078] Table 6 shows a comparison of leakage currents of a
dual-gate TFT having one second gettering site (Example 4),
according to the present exemplary embodiment, and a con-
ventional dual-gate TFT having no second gettering site
(Comparative Example 4). In both the dual-gate TFTs, a
channel region of a semiconductor layer had a width of about
7 um and a length of about 14 pm. In Example 4, the distance
from an interface of the channel region, to the second getter-
ing site, was about 4 pm.

TABLE 6
Leakage current
(A/um)
Comparative Example 2 (Dual-gate TFT 400* 10713
with no second gettering site)
Example 4 (Dual-gate TFT with one second 2.89*10713

gettering gate)

[0079] Referring to Table 6, it can be confirmed that
Example 4 had a smaller leakage current than Comparative
Example 2.

[0080] FIG. 5 is a cross-sectional view of an organic light
emitting diode (OLED) display device including a TFT,
according to an exemplary embodiment of the present inven-
tion. Referring to FIG. 5, an insulating layer 510 is formed on
the entire surface of a substrate 100, having the TFT fabri-
cated according to the method described with reference to
FIGS. 2A through 2E. The insulating layer 510 may be an
inorganic layer, an organic layer, or a multi-layer layer
thereof. The inorganic layer may be formed of one selected
from the group consisting of silicon oxide, silicon nitride, or
silicon on glass (SOG). The organic layer may be formed of
one selected from the group consisting of polyimide, a ben-
zocyclobutene series resin, and acrylate.

[0081] The insulating layer 510 may be etched, thereby
forming a hole exposing the source and drain electrodes 292
and 293. A first electrode 520 is connected to one of the source
and drain electrodes 292 and 293, through the hole. The first
electrode 520 may be an anode or a cathode. When the first
electrode 520 is an anode, it may be formed of a transparent
conductive material selected from the group consisting of
indium tin oxide (ITO), indium zinc oxide (IZ0), and indium
tin zinc oxide (ITZ0). When the first electrode 520 is a
cathode, it may be formed of one selected from the group
consisting of Mg, Ca, Al, Ag, Ba, and an alloy thereof.
[0082] Subsequently, a pixel defining layer 530 is formed
on the first electrode 520. The pixel defining layer 530 has an
opening exposing the surface of the first electrode 520. An
organic layer 540 having an emission layer (EML) is formed
on the exposed surface of the first electrode 520. The organic
layer 540 may further include at least one selected from the
group consisting of a hole injection layer (HIL), a hole trans-
port layer (HTL), a hole blocking layer (HBL), an electron
blocking layer (EBL), an electron injection layer (FIL), and
an electron transport layer (ETL). After that, a second elec-
trode 550 is formed on the organic layer 540, thereby forming
an OLED display device having the TFT, according to the
exemplary embodiment ofthe present invention is completed.
[0083] According to aspects of the present invention, in
addition to forming a first gettering site, using a first hole
connecting source and drain electrodes and source and drain
regions of a semiconductor layer, a second gettering site is
formed, which is spaced apart from the first gettering site. A
crystallization-inducing metal is removed from a channel
region of the semiconductor layer, using the first and second
gettering sites. As a result, the distance from the channel
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region to a gettering site can be reduced, thereby increasing
the gettering effect. Furthermore, an annealing time for the
gettering can be shortened, thereby minimizing damage to a
substrate.

[0084] The present invention provides a TFT including a
semiconductor layer formed using a poly-Si layer, which is
crystallized using a crystallization-inducing metal, a method
of fabricating the TFT, and an OLED display device having
the TFT. In the TFT, the crystallization-inducing metal can be
effectively gettered from a channel region of the semiconduc-
tor layer, thereby improving leakage current characteristics.
[0085] Although a few exemplary embodiments of the
present invention have been shown and described, it would be
appreciated by those skilled in the art that changes may be
made in these embodiments, without departing from the prin-
ciples and spirit of the invention, the scope of which is defined
in the claims and their equivalents.

What is claimed is:

1. A thin film transistor (TFT) comprising:

a substrate;

apolycrystalline silicon (poly-Si) semiconductor layer dis-

posed on the substrate, comprising,

a source regior,

a drain region,

a channel region,

a crystallization-inducing metal,

first gettering sites disposed on opposing edges of the
semiconductor layer, and

a second gettering site spaced apart from the first getter-
ing sites;

a gate insulating layer disposed on the semiconductor

layer;

a gate electrode disposed on the gate insulating layer;

an interlayer insulating layer disposed on the gate elec-

trode; and

source and drain electrodes disposed on the interlayer insu-

lating layer and electrically connected to the source and
drain regions of the semiconductor layer.

2. The TFT according to claim 1, wherein the second
gettering site is disposed in the drain region of the semicon-
ductor layer.

3. The TFT according to claim 2, wherein the second
gettering site is disposed within about 0.5 to 10 um of an
interface between the channel region and the drain region.

4. The TFT according to claim 1, wherein the semiconduc-
tor layer includes at least two of the second gettering sites.

5. The TFT according to claim 1, wherein the gate insulat-
ing layer and the interlayer insulating layer have:

first holes exposing the first gettering sites; and

a second hole exposing the second gettering site.

6. The TFT according to claim 5, wherein the source and
drain electrodes are respectively connected to the source and
drain regions of the semiconductor layer, through the first
holes.

7. The TFT according to claim 1, wherein the first and
second gettering sites each include a lattice damage region, or
a gettering impurity.

8. The TFT according to claim 1, wherein each of the first
and second gettering sites comprises a metallic material hav-
ing a lower diffusion coefficient than the crystallization-in-
ducing metal, which is diffused into the surface of the semi-
conductor layer, to a predetermined depth.
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9. The TFT according to claim 8, wherein the diffusion
coefficient of the metallic material is less than about Y100 of
the diffusion coefficient of the crystallization-inducing metal.

10. The TFT according to claim 9, wherein the metallic
material comprises one selected from the group consisting of
Sc, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Ru, Os, Co, Rh,
Ir,Pt,Y, La, Ce, Pr, Nd, Dy, Ho, an alloy thereof, and a silicide
thereof.

11. The TFT according to claim 1, wherein the semicon-
ductor layer comprises:

a plurality of the source, drain, and channel regions; and

a plurality of the second gettering sites disposed between

the channel regions.
12. The TFT according to claim 11, wherein:
the semiconductor layer comprises body units intersecting
the gate electrode; and at least one connection portion
connecting adjacent first edges of the body units; and

the first gettering sites are disposed on second edges of the
body units, which are not connected by the connection
unit.

13. The TFT according to claim 11, wherein the second
gettering sites are disposed closer to the drain regions than to
the source regions.

14. The TFT according to claim 13, wherein the second
gettering sites are each disposed within about 0.5 to 10 pm of
aninterface between one of the channel regions and the one of
drain regions.

15. The TFT according to claim 1, wherein the second
gettering site is disposed between the first gettering sites.

16. A method of fabricating a thin film transistor (TFT),
comprising:

crystallizing a poly-Si layer on a substrate, using a crystal-

lization-inducing metal;

forming a semiconductor layer including a source region, a

drain region, and a channel region, by patterning the
poly-Si layer;

forming a gate insulating layer on the semiconductor layer;

forming a gate electrode on the gate insulating layer;

forming an interlayer insulating layer on the gate electrode;

patterning the interlayer insulating layer and the gate insu-
lating layer, to form first holes and a second hole, which
expose regions of the semiconductor layer;

forming gettering sites in the exposed regions of the semi-

conductor layer;

gettering the crystallization-inducing metal from the chan-

nel region of the semiconductor layer, using the getter-
ing sites; and

forming source and drain electrodes that are electrically

connected to the source and drain regions of the serni-
conductor layer, through the first holes.

17. The method according to claim 16, wherein the second
hole is disposed on the drain region of the semiconductor
layer.

18. The method according to claim 17, wherein the second
hole is formed within about 0.5 to 10 um of an interface
between the channel region and the drain region.

19. The method according to claim 16, wherein:

the forming of the gettering sites comprises implanting

gettering impurities into the exposed regions of the
semiconductor layer, or using a plasma to form lattice
damage regions in the exposed regions of the semicon-
ductor layer; and
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the gettering of the crystallization-inducing metal com-

prises performing an annealing process.

20. The method according to claim 16, wherein:

the forming of the gettering sites comprises forming a

metallic layer on the interlayer insulating layer, the
metallic layer having a lower diffusion coefficient than
the crystallization-inducing metal; and

the gettering of the crystallization-inducing metal com-

prises performing an annealing process.

21. The method according to claim 20, wherein the metallic
layer comprises, one or more layers formed of one selected
from the group consisting of S, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo,
W, Mn, Re, Ru, Os, Co, Rh, Ir, Pt, Y, La, Ce, Pr, Nd, Dy, Ho,
an alloy thereof, and a metal silicide thereof.

22. The method according to claim 20, further comprising
forming a thermal oxidation barrier layer on the metallic
layer.

23. The method according to claim 16, wherein the poly-Si
layer is crystallized using a super grain silicon (SGS) crys-
tallization process.

24. The method according to claim 16, wherein the second
hole is disposed between the first holes.

25. Anorganic light emitting diode (OLED) display device
comprising;

a substrate;

a poly-Si layer semiconductor layer disposed on the sub-

strate, comprising,

a source regio,

a drain region,

a channel region,

a crystallization-inducing metal,

first gettering sites disposed on both edges of the semi-
conductor layer, and

a second gettering site spaced apart from the first getter-
ing sites;

a gate insulating layer disposed on the semiconductor

layer;

a gate electrode disposed on the gate insulating layer;

an interlayer insulating layer disposed on the gate elec-

trode;

source and drain electrodes disposed on the interlayer insu-

lating layer and electrically connected to the source and
drain regions of the semiconductor layer, respectively;

a first electrode electrically connected to one of the source

and drain electrodes;

an organic layer disposed on the first electrode and includ-

ing an emission layer (EML); and

a second electrode disposed on the organic layer.

26. The OLED display device according to claim 25,
wherein the second gettering site is disposed in the drain
region of the semiconductor layer.

27. The OLED display device according to claim 26,
wherein the second gettering site is disposed within 0.5 to 10
um of an interface between the channel region and the drain
region.

28. The OLED display device according to claim 25,
wherein the second gettering site is disposed between the first
gettering sites.
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