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(57) ABSTRACT

A thin film transistor may include a substrate, a buffer layer
on the substrate, a semiconductor layer formed on the buffer
layer, a gate insulating pattern on the semiconductor layer, a
gate electrode on the gate insulating pattern, an interlayer
insulating layer covering the gate electrode and the gate insu-
lating pattern, the interlayer insulating layer having a contact
hole and an opening extending therethrough, the contact hole
exposing a source area and a drain area of the semiconductor
layer, and the opening exposing a channel area of the semi-
conductor layer, and a source electrode and a drain electrode
formed on the interlayer insulating layer, the source electrode
being connected with the source area and the drain electrode
being connected with the drain area of the semiconductor
layer.
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THIN FILM TRANSISTOR,
MANUFACTURING METHOD OF THIN FILM
TRANSISTOR, AND ORGANIC LIGHT
EMITTING DIODE DISPLAY INCLUDING
THE SAME

RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2011-0053957 filed in the
Korean Intellectual Property Office on Jun. 3,2011, the entire
contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology relates generally to a thin
film transistor, a manufacturing method of the thin film tran-
sistor, and an organic light emitting diode (OLED) display
including the same.

[0004] 2. Description of the Related Art

[0005] Generally, a polysilicon layer can be applied to a
high electric field mobility and high-speed operation circuit
and can be configured of a CMOS circuit. As such, a poly-
silicon layer has been mainly used as a semiconductor layer
for a thin film transistor. The thin film transistor using the
polysilicon layer may mainly be used for an active device for
an active matrix liquid crystal display (AMLCD) and a
switching device and a driving device of an organic light
emitting diode (OLED).

[0006] A solid phase crystallization method and an excimer
laser crystallization method are used as a method of crystal-
lizing amorphous silicon into polysilicon. Solid phase crys-
tallization is a method in which the amorphous silicon layer is
annealed at the temperature of about 700° C. or less, which is
the deformation temperature of the glass that forms the sub-
strate of a display element. The display element uses the thin
film transistor for several hours to several tens of hours. The
excimer laser crystallization is a method in which the silicon
layer is locally heated and crystallized at the high temperature
for a very short time by injecting the excimer laser to the
silicon layer. However, the solid phase crystallization method
has a problem of long process time and is performed at a high
temperature for a long period of time so that a substrate may
be deformed, and the excimer laser crystallization method has
a problem of using an expensive laser device and protrusions
are formed at a crystallized surface so that an interface char-
acteristic between the semiconductor layer and the gate insu-
lating layer is deteriorated. Thus, a method for crystallizing
an amorphous silicon layer using a metal catalyst has been
actively studied because the method is more advantageous in
crystallization at a lower temperature within a short period of
time to the solid phase crystallization method. The crystalli-
zation method using a metal catalyst includes a metal induced
crystallization (MIC) method, a metal induced lateral crys-
tallization (MILC) method, and a super grain crystallization
(SGS) method.

[0007] However, in a semiconductor layer crystallized
using a metal catalyst, the catalyst remains in a channel area
so that a leakage current may be increased. Thus, an addi-
tional gettering metal layer is formed on the semiconductor
layer to prevent the leakage current, and a gettering process is
performed to remove the metal catalyst in the semiconductor
layer by moving the metal catalyst to the gettering metal layer
through a getting heat treatment.
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[0008] The additional process for removing the gettering
metal layer increases manufacturing costs complicates the
manufacturing process, thereby causing a process failure.
[0009] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology and therefore it
may contain information that does not form the prior art that
is already known to a person of ordinary skill in the art.

SUMMARY

[0010] A thin film transistor may include a substrate, a
buffer layer on the substrate, a semiconductor layer on the
buffer layer, a gate insulating pattern on the semiconductor
layer, a gate electrode on the gate insulating pattern, an inter-
layer insulating layer covering the gate electrode and the gate
insulating pattern, the interlayer insulating layer having a
contact hole and an opening extending therethrough, the con-
tact hole exposing a source area and a drain area of the
semiconductor layer and the opening exposing a channel area
of'the semiconductor layer; and a source electrode and a drain
electrode formed on the interlayer insulating layer, the source
electrode being connected with the source area and the drain
electrode being connected with the drain area of the semicon-
ductor layer.

[0011] An edge portion of the channel area of the semicon-
ductor layer may include boundary edge portions adjacent to
the source and drain areas and a connection edge portion
connecting the boundary edge portions, and the opening may
expose the gate insulating pattern on the connection edge
portion of the channel area of the semiconductor layer.
[0012] The opening may further expose the buffer layer
adjacent to the connection edge portion of the channel area of
the semiconductor layer.

[0013] The opening may extend along the connection edge
portion of the channel area.

[0014] A pattern of the gate insulating pattern may be the
same as a pattern of the semiconductor layer.

[0015] The gate electrode may include a gate metal made of
any one selected from 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, Al,
ITO, an alloy thereof, and a metal silicide.

[0016] The gate electrode may further include a gate metal
electrode contacting the gate insulating pattern and a low-
resistive metal electrode formed on the gate metal electrode.
[0017] A manufacturing method of a thin film transistor
according to another exemplary embodiment may include:
sequentially forming a buffer layer, a semiconductor layer,
and a gate insulating pattern on a substrate; forming a gate
metal layer covering the gate insulating pattern and the sub-
strate; moving residual metal catalysts in the semiconductor
layer to the gate metal layer that contacts the semiconductor
layer by performing gettering heat treatment on the semicon-
ductor layer; forming a gate electrode by patterning the gate
metal layer; forming an interlayer insulating layer covering
the gate electrode, the gate insulating pattern, and the sub-
strate; forming a contact hole exposing a source area and a
drain area of the semiconductor layer and an opening expos-
ing a gate electrode on a channel area of the semiconductor
layer by patterning the interlayer insulating layer and the gate
insulating pattern; and forming a source electrode connected
with the source area and a drain electrode connected with the
drain area of the semiconductor layer on the interlayer insu-
lating layer.
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[0018] Forming of the source electrode and the drain elec-
trode may include exposing a gate insulating pattern on a
connection edge portion of the channel area of the semicon-
ductor by etching an edge portion of the gate electrode
exposed through the opening. The opening may expose the
buffer layer adjacent to the connection edge portion of the
channel area of the semiconductor layer.

[0019] The source area and the drain area in the semicon-
ductor layer may be formed by doping the semiconductor
layer using the gate electrode as a doping mask.

[0020] A pattern of the gate insulating pattern may be the
same as a pattern of the semiconductor layer.

[0021] The gate metal layer may contact a side of the semi-
conductor layer

[0022] The gate electrode may be formed on a channel area
of'the semiconductor layer and may cover an edge portion of
the gate insulating pattern.

[0023] Forming the semiconductor layer and the gate insu-
lating pattern may include: sequentially forming an amor-
phous silicon layer and a metal catalyst layer on the buffer
layer, forming a polysilicon layer by crystallizing the amor-
phous silicon layer, forming a gate insulating layer on the
polysilicon layer, and simultaneously patterning the polysili-
con layer and the gate insulating layer.

[0024] The forming the semiconductor layer and the gate
insulating pattern may include forming a metal catalyst layer
and an amorphous silicon layer on the buffer layer; forming a
polysilicon layer by crystallizing the amorphous silicon layer,
forming a gate insulating layer on the polysilicon layer; and
simultaneously patterning the polyslilicon layer and the gate
insulating layer.

[0025] The forming ofthe semiconductor layer and the gate
insulating pattern may include sequentially forming a metal
catalyst layer, an amorphous silicon layer, and a gate insulat-
ing layer on the buffer layer, forming a polysilicon layer by
crystallizing the amorphous silicon layer, and simultaneously
patterning the polysilicon layer and the gate insulating layer.
[0026] The gettering heat treatment may be performed at a
temperature between 450° C. and 1043° C.

[0027] The manufacturing method of the thin film transis-
tor may further include forming a low-resistive metal layer on
the gate metal layer.

[0028] The gate electrode may be formed by patterning the
gate metal layer and the low-resistive metal layer.

[0029] An organic light emitting diode (OLED) display
according to another exemplary embodiment may includes a
thin film transistor, the thin film transistor may include a
substrate, a buffer layer on the substrate, a semiconductor
layer on the buffer layer; a gate insulating pattern on the
semiconductor layer; a gate electrode on the gate insulating
pattern; an interlayer insulating layer covering the gate elec-
trode and the gate insulating pattern, the interlayer insulating
layer having a contact hole and an opening extending there-
through, the contact hole exposing a source area and a drain
area of the semiconductor layer and the opening exposing a
channel area of the semiconductor layer; and a source elec-
trode and a drain electrode formed on the interlayer insulating
layer, the source electrode being connected with the source
area and the drain electrode being connected with the drain
area of the semiconductor layer, a pixel electrode on the thin
film transistor and connected with the thin film transistor, an
organic light emitting member on the pixel electrode, and a
common electrode on the organic light emitting member.
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[0030] An edge of a channel area of the semiconductor
layer may include boundary edge portions adjacent to the
source area and the drain area and a connection edge portion
connecting the boundary edge portions, and the opening may
expose the gate insulating pattern on the connection edge
portion of the channel area of the semiconductor layer.
[0031] The opening may further expose the buffer layer
adjacent to the connection edge portion of the channel area of
the semiconductor layer.

[0032] The opening may extend along the connection edge
portion of the channel area.

[0033] A pattern of the gate insulating pattern may be the
same as a pattern of the semiconductor layer.

[0034] The gate electrode may include a gate metal formed
of'any one selected from 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,
Al ITO, an alloy thereof, and a metal silicide.

[0035] The gate electrode may further include a gate metal
electrode contacting the gate insulating pattern and a low-
resistive metal electrode on the gate metal electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 illustrates a layout view of a thin film tran-
sistor according to a first exemplary embodiment.

[0037] FIG. 2 illustrates a cross-sectional view of FIG. 1,
taken along the line II-II.

[0038] FIG. 3 illustrates a cross-sectional view of FIG. 1,
taken along the line III-III.

[0039] FIG. 4 and FIG. 5 sequentially illustrate stages in a
manufacturing method of a thin film transistor according to
the first exemplary embodiment, and stages in a process for
forming a polysilicon layer and a gate insulating layer.
[0040] FIG. 6 illustrates a layout view of a thin film tran-
sistor of the next process of FIG. 5.

[0041] FIG. 7 illustrates a cross-sectional view of FIG. 6,
taken along the line VII-VII.

[0042] FIG. 8 illustrates a cross-sectional view of FIG. 7,
taken along the line VIII-VIIIL.

[0043] FIG. 9 illustrates a layout view of the thin film
transistor of the next process of FIG. 6.

[0044] FIG. 10 illustrates a cross-sectional view of FIG. 9,
taken along the line X-X.

[0045] FIG. 11 illustrates a cross-sectional view of FIG. 9,
taken along the line XI-XI.

[0046] FIG. 12 illustrates a layout view of the thin film
transistor of the next process of FIG. 9.

[0047] FIG. 13 illustrates a cross-sectional view of FIG. 12,
taken along the line XIII-XIII.

[0048] FIG. 14 illustrates a cross-sectional view of FIG. 12,
taken along the line XIV-XIV.

[0049] FIG. 15 illustrates a layout view of the thin film
transistor of the next process of FIG. 12.

[0050] FIG. 16 illustrates a cross-sectional view of FIG. 15,
taken along the line XVI-XVI.

[0051] FIG. 17 illustrates a cross-sectional view of FIG. 15,
taken along the line XVII-XVIL.

[0052] FIG. 18 and FIG. 19 illustrate stages in another
manufacturing method of the thin film transistor according to
the first exemplary embodiment, and a process for forming a
polysilicon layer and a gate insulating layer.

[0053] FIG. 20 illustrate stages in another manufacturing
method of the thin film transistor according to the first exem-
plary embodiment, and stages in a process for forming a
polysilicon layer and a gate insulating layer.
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[0054] FIG. 21 illustrates a cross-sectional view of an
OLED display including the thin film transistor according to
the first exemplary embodiment.

[0055] FIG. 22 illustrates a cross-sectional view of a thin
film transistor according to a second exemplary embodiment.

DETAILED DESCRIPTION

[0056] In the following detailed description, only certain
exemplary embodiments have been shown and described,
simply by way of’illustration. As those skilled in the art would
realize, the described embodiments may be modified in vari-
ous different ways, all without departing from the spirit or
scope of the present invention.

[0057] Accordingly, the drawings and description are to be
regarded as illustrative in nature and not restrictive. Like
reference numerals designate like elements throughout the
specification

[0058] In addition, the size and thickness of each compo-
nent shown in the drawings are arbitrarily shown for under-
standing and ease of description, but embodiments are not
limited thereto.

[0059] A thin film transistor according to a first exemplary
embodiment will now be described in further detail with
reference to FIG. 1 to FIG. 3.

[0060] FIG. 1 illustrates a layout view of a thin film tran-
sistor according to the first exemplary embodiment, FIG. 2
illustrates a cross-sectional view of FIG. 1, taken along the
line II-1I, and FIG. 3 illustrates a cross-sectional view of FIG.
1, taken along the line III-I1I.

[0061] As shown in FIG. 1 to FIG. 3, a thin film transistor
100 according to the first exemplary embodiment may
include a substrate 110 made of transparent glass or plastic
and a buffer layer 111 formed on the substrate 110. The buffer
layer 111 may include silicon nitride (SiNx) or silicon oxide
(SiOx), and may have a single-layered or multi-layered struc-
ture. The buffer layer 111 may prevent diffusion of moisture
of impurities generated from the substrate 110 to a semicon-
ductor layer 152, and/or may control heat transmission speed
during crystallization of the semiconductor layer 152 for
efficient crystallization of the semiconductor layer 152.
[0062] The semiconductor layer 152 may be formed on the
buffer layer 111, and the semiconductor layer 152 may
include polysilicon. The semiconductor layer 152 may
include a source area 153, a drain area 155, and a channel area
154 disposed between the source area 153 and the drain area
155.

[0063] Edge portions 154a and 1545 of the channel area
154 of the semiconductor layer 152 may include boundary
edge portions 154a and 15454 that are adjacent to the source
area 153 and the drain area 155, respectively, and a connec-
tion edge portion 154¢ connecting the boundary edge por-
tions 154a and 1545.

[0064] A gate insulating pattern 141 may be formed on the
semiconductor layer 152. The gate insulating pattern 141 may
include silicon nitride (SiNx) or silicon oxide (SiOx), and
may be formed in a pattern that is the same as that of the
semiconductor layer 152.

[0065] A gate electrode 124 may be formed on the gate
insulating pattern 141. The gate electrode 124 may be con-
nected to a gate line (not shown) that transmits a gate signal.
The gate electrode 124 may include a gettering metal (gate
metal) including 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, Al, ITO,
an alloy thereof, or a metal silicide. The gate electrode 124
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formed of the gettering metal, may contact the semiconductor
layer 152 followed by a gettering heat treatment to move
residual metal catalysts in the semiconductor layer 152 to the
gate electrode, to thereby prevent a leakage current.

[0066] Aninterlayerinsulating layer 160 may be formed on
the gate electrode 124, the gate insulating pattern 141, and the
substrate 110. The interlayer insulating layer 160 may include
contact holes 161 and 162, that partially expose the source
area 153 and the drain area 155 of the semiconductor layer
152, and openings 163 and 164 that partially expose the
channel area 154 of the semiconductor layer 152.

[0067] In further detail, the openings 163 and 164 may
extend along the connection edge portion 154¢ of the channel
area 154, and expose the connection edge portion 154¢ of the
channel area 154 and the gate insulating pattern 141 on the
connection edge portion 1545 of the channel area 154. In
addition, the openings 163 and 164 may expose the buffer
layer 111 that is adjacent to the connection edge portion 154¢
of the channel area 154 of the semiconductor layer 152.

[0068] The source electrode 173 and the drain electrode
175 connected with the source area 153 and the drain area
155, respectively, of the semiconductor layer 152 are formed
on the interlayer insulating layer 160. The source electrode
173 and the drain electrode 175 may be respectively con-
nected with the source area 153 and the drain area 153 of the
semiconductor layer 152 through the contact holes 161 and
162 of the interlayer insulating layer 160.

[0069] When the source electrode 173 and the drain elec-
trode 175 are formed, an edge portion 124a (refer to FIG. 17)
of the gate electrode 124 formed on the connection edge
portion 154¢ of the channel area 154 of the semiconductor
layer 152 may be simultaneously etched using the openings
163 and 164 of the interlayer insulating layer 160 such that
residual metal catalysts in the edge portion 124a of the gate
electrode 124 may be removed through a gettering heat treat-
ment process. Thus, no additional process may be required for
forming and eliminating the gettering metal layer. Accord-
ingly, the manufacturing process may be minimized, thereby
reducing production costs.

[0070] Hereinafter, a manufacturing method of the thin film
transistor according to the first exemplary embodiment will
be described with reference to FIG. 4 to FIG. 17.

[0071] FIG. 4 and FIG. 5 sequentially illustrate stages in a
manufacturing method of a thin film transistor according to
the first exemplary embodiment, and a process for forming a
polysilicon layer and a gate insulating layer, FIG. 6 illustrates
a layout view of a thin film transistor of the next process of
FIG. 5, FIG. 7 illustrates a cross-sectional view of FIG. 6,
taken along the line VII-VII, FIG. 8 illustrates a cross-sec-
tional view of FIG. 7, taken along the line VIII-VIII, FIG. 9
illustrates a layout view of the thin film transistor of the next
process of FIG. 6, FIG. 10 illustrates a cross-sectional view of
FIG. 9, taken along the line X-X, FIG. 11 illustrates a cross-
sectional view of FIG. 9, taken along the line XI-XI, FIG. 12
illustrates a layout view of the thin film transistor of the next
process of FIG. 9, FIG. 13 illustrates a cross-sectional view of
FIG. 12, taken along the line XIII-XIII, FIG. 14 illustrates a
cross-sectional view of FIG. 12, taken along the line XIV-
X1V, FIG. 15 illustrates a layout view of the thin film transis-
tor of the next process of FIG. 12, FIG. 16 illustrates a cross-
sectional view of FIG. 15, taken along the line XVI-X VI, and
FIG. 17 illustrates a cross-sectional view of FIG. 15, taken
along the line XVII-XVII.
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[0072] First, as shownin FIG. 4, the buffer layer 111 may be
formed on the substrate 110. The buffer layer 111 may be
made of silicon nitride (SiNx) or silicon nitride (SiOx) using
achemical vapor deposition method or a physical vapor depo-
sition method. In addition, an amorphous silicon layer 150
may be formed on the buffer layer 111. In this case, the
amorphous silicon layer 150 may be formed using the chemi-
cal vapor deposition method or the physical vapor deposition
method. Further, a metal catalyst layer 50 may be formed on
the amorphous silicon layer 150. The metal catalyst layer 50
may include a metal catalyst selected from Ni, Pd, Ag, Au, Al,
Sn, Sb, Cu, Tr, and Cd. According to an embodiment, the
metal catalyst may include nickel (Ni).

[0073] Next, as shown in FIG. 5, the amorphous silicon
layer 150 may be crystallized using the metal catalyst layer 50
to form a polysilicon layer 151. That is, the metal catalysts
diffused to the amorphous silicon layer 150 may be controlled
to be low (e.g., lowered) to crystallize the amorphous silicon
layer 150 to the polysilicon layer 151, using an SGS method.
According to the SGS method, the size of a crystal particle
may be controlled to be several pum to several hundreds um. In
the present exemplary embodiment, the SGS method may be
used, but a metal induced crystallization (MIC) method or a
metal induced lateral crystallization (MILC) method may be
used to crystallize the amorphous silicon layer 150 to the
polysilicon layer 151. The MIC method may include crystal-
lizing the amorphous silicon layer 150 into the polysilicon
layer 151 through a phase change by a metal catalyst, which
comes in contact with or is injected into the amorphous sili-
con layer 150. The MILC method may be a method of crys-
tallizing the amorphous silicon layer 150 in which silicide
created by the reaction of metal and the amorphous silicon
layer 150 may be propagated continuously and laterally to
induce the sequential crystallization of the amorphous silicon
layer 150.

[0074] Then, the gate insulating layer 140 may be formed
on the polysilicon layer 151.

[0075] Next, as shown in FIG. 6 to FIG. 8, the polysilicon
layer 151 and the gate insulating layer 140 may be formed
into the semiconductor layer 152 and the gate insulating
pattern 141, respectively, by simultaneously patterning the
polysilicon layer 151 and the gate insulating layer 140. Thus,
the gate insulating pattern 141 and the semiconductor layer
152 may have the same pattern.

[0076] In addition, a gate metal layer 120 that covers the
gate insulating pattern 141 and the substrate 110 may be
formed. The gate metal layer 120 may include one 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, Al, ITO, an alloy thereof, or a
metal silicide. In this case, the gate metal layer 120 may
contact a side of the semiconductor layer 152.

[0077] In addition, the residual metal catalysts 5 in the
semiconductor layer 152 may be moved to the gate metal
layer 120 that contacts the semiconductor layer 152 through
gettering heat treatment. In this case, the gettering heat treat-
ment may be performed at a temperature between 450° C. and
1043° C. When the gettering heat treatment is performed at a
temperature lower than 450° C., the residual metal catalysts 5
in the semiconductor layer 152 may not easily move to the
gate metal layer 120. When the gettering heat treatment is
performed at a temperature higher than 1043° C., the sub-
strate 110 may be deformed. In this case, a surface density of
the residual metal catalysts 5 in the channel area 154 of the
semiconductor layer 152 is 10'* to 10'° atoms/cm? before
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performing the gettering heat treatment, but the surface den-
sity can be maintained lower than 10** atoms/cm? after per-
forming the gettering heat treatment.

[0078] Thus, the amount of residual metal catalysts 5 may
be minimized in the semiconductor layer 152 so that a leakage
current may be reduced.

[0079] In the above description, the gettering heat treat-
ment may be performed after the gate metal layer 120 is
formed, but the gettering heat treatment may be performed
until the source electrode 173 and the drain electrode 175 are
formed. For example, the gettering heat treatment may be
formed after the gate electrode 124 is formed, after the source
area 153 and the drain area 155 are formed in the semicon-
ductor layer 152, after the interlayer insulating layer 160 is
formed, and after the openings 163 and 164 are formed in the
interlayer insulating layer 160.

[0080] As described, the gettering heat treatment process
may be performed using the gate metal layer 120 that forms
the gate electrode 124 rather than using an additional getter-
ing metal layer so that the manufacturing process may be
minimized, and accordingly production cost may be reduced.
[0081] Meanwhile, an operation speed of the thin film tran-
sistor may be improved by forming a low-resistive metal layer
including Al, Cu, Ag, and the like on the gate metal layer 120.
[0082] Next, as shown in FIG. 9 to FIG. 11, the gate elec-
trode 124 may be formed by patterning the gate metal layer
120. The gate electrode 124 is formed at a location corre-
sponding to the channel area 154 of the semiconductor layer
152, and may cover an edge portion 1414 of the gate insulat-
ing pattern 141 and an edge portion 1524 of the semiconduc-
tor layer 152.

[0083] Next, as shown in FIG. 12 to FIG. 14, the semicon-
ductor layer 152 may be doped using the gate electrode 124 as
a doping mask to form the source area 153 and the drain area
155 of the semiconductor layer 152. In this case, a not-doped
or undoped channel area 154 may be formed between the
source area 153 and the drain area 155. In addition, the inter-
layer insulating layer 160 covering the gate electrode 124, the
gate insulating pattern 141, and the substrate 110 may be
formed. The interlayer insulating layer 160 may be made of
silicon nitride (SiNx) or silicon oxide (SiOx) using a chemi-
cal vapor deposition method or a physical vapor deposition
method.

[0084] Next, as shown in FIG. 15 to FIG. 17, the interlayer
insulating layer 160 and the gate insulating pattern 141 may
be patterned to form the contact holes 161 and 162 exposing
the source area 153 and the drain area 155 of the semicon-
ductor layer 152 and the openings 163 and 164 exposing the
edge portion 124a of the gate electrode 124 on the channel
area 154 of the semiconductor layer 152. The openings 163
and 164 may expose the connection edge portion 154¢ of the
channel area 154 of the semiconductor layer 152 and a buffer
layer 111 that is adjacent to the connection edge portion 154c¢.
[0085] Next, as shown in FIG. 1 to FIG. 3, the source
electrode 173 and the drain electrode 175 that are respectively
connected with the source area 153 and the drain area 155 of
the semiconductor layer 153 on the interlayer insulating layer
160 may be formed. In this case, the edge portion 124a of the
gate electrode 124, exposed through the openings 163 and
164 may be wet-etched to expose the edge portion 141a of the
gate insulating pattern 141 on the connection edge portion
154¢ of the channel area 154 of the semiconductor layer 152.
[0086] As described, the edge portion 124a of the gate
electrode 124, which contains the residual metal catalysts 5,
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through contact with the semiconductor layer 152, may be
etched simultaneously when the source electrode 173 and the
drain electrode 175 are formed so as to eliminate the residual
metal catalysts 5. Accordingly, the leakage current may be
effectively reduced.

[0087] In the manufacturing method of the thin film tran-
sistor according to the first exemplary embodiment, the metal
catalyst layer 50 may be formed on the amorphous silicon
layer 150 and the polysilicon layer 151 may be formed by
crystallizing the amorphous silicon layer 150. According to
some embodiments, the metal catalyst layer 50 and the amor-
phous silicon layer 150 may be formed on the buffer layer 111
and the polysilicon layer 151 may be formed by crystallizing
the amorphous silicon layer 150.

[0088] FIG. 18 and FIG. 19 sequentially illustrate stages in
another manufacturing method of the thin film transistor
according to the first exemplary embodiment, and a process
for forming the polysilicon layer 151 and the gate insulating
layer 140 are illustrated in the drawings.

[0089] As shown in FIG. 18, the buffer layer 111 may be
formed on the substrate 110 and the metal catalyst layer 50
may be formed on the buffer layer 111. In addition, a diffusion
heat treatment process may be performed for interaction and
diffusion of the metal catalyst layer 50 and the buffer layer
111, so that elimination of the metal catalyst layer 50 due to a
cleansing process may be prevented.

[0090] Next, as shown in FIG. 19, the amorphous silicon
layer 15 may be formed on the metal catalyst layer 50.
[0091] Then, as shown in FIG. 5, the polysilicon layer 151
may be formed by crystallizing the amorphous silicon layer
150 using the metal catalyst layer 50, and the gate insulating
layer may be formed on the polysilicon layer 151.

[0092] In this case, an impurity may be prevented from
being formed between the amorphous silicon layer and the
gate insulating layer.

[0093] Meanwhile, inthe manufacturing method of the thin
film transistor according to the first exemplary embodiment,
the metal catalyst layer 50 may be formed on the amorphous
silicon layer 150 and the polysilicon layer 151 may be formed
by crystallizing the amorphous silicon layer 150. According
to some embodiments, the metal catalyst layer 50, the amor-
phous silicon layer 150, and the gate insulating layer 14 may
be sequentially formed on the buffer layer 111 and then the
polysilicon layer 151 may be formed by crystallizing the
amorphous silicon layer 150.

[0094] FIG. 20 illustrate stages in another manufacturing
method of the thin film transistor according to the first exem-
plary embodiment, and illustrates a process for forming the
polysilicon layer and the gate insulating layer.

[0095] As shown in FIG. 20, the buffer layer 111 may be
formed on the substrate 110 and the metal catalyst layer 50
may be formed on the buffer layer 111. In addition, the
amorphous silicon layer 150 may be formed on the metal
catalyst layer 50, and the gate insulating layer 140 may be
formed on the amorphous silicon layer 150.

[0096] Next, as shown in FIG. 5, the polysilicon layer 151
may be formed by crystallizing the amorphous silicon layer
150 using the metal catalyst layer 50.

[0097] Inthis case, the amorphous silicon layer 150 and the
gate insulating layer 140 may be continuously formed. There-
fore, an impurity may be prevented from being formed
between the amorphous silicon layer 150 and the gate insu-
lating layer 140.
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[0098] The thin film transistor, according to the first exem-
plary embodiment, may be applied to a switching thin film
transistor Qs and a driving thin film transistor Qd of an OLED
display.

[0099] FIG. 21 illustrates a cross-sectional view of an
OLED display including the thin film transistor according to
the first exemplary embodiment.

[0100] As shown in FIG. 21, a protective layer 180 may be
formed on the thin film transistor 100. The protective layer
180 may include any inorganic layer selected from silicon
nitride (SiNx), silicon oxide (SiOx), or SOG or any organic
layer selected from polyimide, benzocyclobutene-series
resin, or acrylate. In addition, the protective layer 190 may
have a layered structure including an inorganic layer and an
organic layer.

[0101] A pixel electrode 710 may be formed on the protec-
tive layer 180. The pixel electrode 710 may be connected with
a drain electrode 175 through a via hole 181 formed in the
protective layer 180. The pixel electrode 710 may include a
reflective electrode having high reflectivity, or the pixel elec-
trode 710 may include a transparent material such as indium
tin oxide (ITO) or indium zinc oxide (IZO). The reflective
electrode may include a reflective material, such as lithium
(Li), calcium (Ca), fluoride lithium/calcium (LiF/Ca), fluo-
ride lithium/aluminum (LiF/Al), aluminum (Al), silver (Ag),
magnesium (Mg), and gold (Au).

[0102] A barrier rib 350 may be formed on the pixel elec-
trode 710. The barrier rib 350 may define a barrier rib opening
350a exposing most of the pixel electrode 710 by surrounding
the periphery of the edge of the pixel electrode 710.

[0103] An organic light emitting member 720 may be
formed on the barrier rib opening 350a and the pixel electrode
710. The organic light emitting member 720 may include an
auxiliary layer (not shown) for enhancing light emission effi-
ciency of the light emission layer, in addition to the organic
emission layer that emits light. The auxiliary layer may
include one or more selected from an electron transport layer
(ETL), a hole transport layer (HTL), an electron injection
layer (EIL), and a hole injection layer (HIL).

[0104] A common electrode 730 may be formed on the
organic light emitting member 720. The common electrode
730 may include a transparent material such as ITO or IZO.
The common electrode 270 may be formed over the entire
surface of the substrate 110 and allow a current to flow to the
organic light emitting member 720 as a pair with the pixel
electrode 710.

[0105] An encapsulation member (not shown) that encap-
sulates the common electrode 730 by covering the same may
be formed on the common electrode 730.

[0106] Generation of heat due to resistance may be pre-
vented and operation speed of the thin film transistor may be
improved by forming a gate electrode 124 in a double-layered
structure of a gate metal electrode and a low-resistive metal
electrode.

[0107] Hereinafter, a thin film transistor, according to a
second exemplary embodiment will be described with refer-
ence to FIG. 22.

[0108] FIG. 22 illustrates a cross-sectional view of a thin
film transistor according to the second exemplary embodi-
ment.

[0109] The second exemplary embodiment may be sub-
stantially the same as the first exemplary embodiment shown
in FIG. 1to FIG. 3, except that a gate electrode may be formed
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by double-layering a gate metal electrode and a low-resistive
metal electrode. Therefore, a description of similar portions
or features will be omitted.

[0110] As shown in FIG. 22, a gate electrode 124 may be
formed on a gate insulating pattern 141, and the gate electrode
124 may be connected to a gate line (not shown) that transmits
a gate signal. The gate electrode 124 may include a gate metal
electrode 124a contacting a gate insulating pattern 141 and a
low-resistive metal electrode 1245 formed on the gate metal
electrode 124a. The gate metal electrode 124a may include a
gate metal (gettering metal) selected from 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, Al, ITO, an alloy thereof, or a metal
silicide. The gate metal electrode 124a of the gate electrode
124 may facilitate the gate metal electrode 124a to contact a
semiconductor layer 152 and perform a gettering heat treat-
ment to make a residual metal catalyst remaining in the semi-
conductor layer 152 move to the gate metal electrode 124a of
the gate electrode 124, thereby preventing a leakage current.
[0111] The low-resistive metal electrode 1245 may include
Al, Cu, Ag, and the like, and may prevent heat generation due
to resistance and improve operation speed of the thin film
transistor.

[0112] One or more embodiments may provide a thin film
transistor that may reduce a leakage current and reduce manu-
facturing costs by simplifying a manufacturing process, a
manufacturing method thereof, and an organic light emitting
diode (OLED) display including the same. According to the
exemplary embodiments, a gettering heat treatment may be
performed using a gate electrode including a gettering metal
so that an additional process for forming and removing a
gettering metal layer may be eliminated, thereby minimizing
manufacturing process and reducing manufacturing cost. In
addition, an edge portion of the gate electrode that includes
residual metal catalysts, may be simultaneously etched when
formed. Source and drain electrodes may be formed by con-
tacting a semiconductor layer to remove the residual metal
catalyst, thereby effectively reducing a leakage current.
[0113] Further, a leakage current of the semiconductor
layer is effectively reduced to solve problems of increase of
black luminance, an image stain, and an image failure.
[0114] While this disclosure has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A thin film transistor, comprising:

a substrate;

a buffer layer on the substrate;

a semiconductor layer on the buffer layer;

a gate insulating pattern on the semiconductor layer;

a gate electrode on the gate insulating pattern;

an interlayer insulating layer covering the gate electrode
and the gate insulating pattern, the interlayer insulating
layer having a contact hole and an opening extending
therethrough, the contact hole exposing a source area
and a drain area of the semiconductor layer, and the
opening exposing a channel area of the semiconductor
layer; and

a source electrode and a drain electrode on the interlayer
insulating layer, the source electrode being connected
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with the source area and the drain electrode being con-
nected with the drain area of the semiconductor layer.

2. The thin film transistor of claim 1, wherein an edge
portion of the channel area of the semiconductor layer
includes boundary edge portions adjacent to the source and
drain areas and a connection edge portion connecting the
boundary edge portions, and the opening exposes the gate
insulating pattern on the connection edge portion of the chan-
nel area of the semiconductor layer.

3. The thin film transistor of claim 2, wherein the opening
further exposes the buffer layer adjacent to the connection
edge portion of the channel area of the semiconductor layer.

4. The thin film transistor of claim 2, wherein the opening
extends along the connection edge portion of the channel
area.

5. The thin film transistor of claim 1, wherein a pattern of
the gate insulating pattern is the same as a pattern of the
semiconductor layer.

6. The thin film transistor of claim 1, wherein the gate
electrode includes a gate metal made of any one selected from
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, Al, ITO, an alloy thereof,
and a metal silicide.

7. The thin film transistor of claim 6, wherein the gate
electrode further includes a gate metal electrode contacting
the gate insulating pattern and a low-resistive metal electrode
formed on the gate metal electrode.

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

sequentially forming a buffer layer, a semiconductor layer,

and a gate insulating pattern on a substrate;

forming a gate metal layer covering the gate insulating

pattern and the substrate;

moving residual metal catalysts in the semiconductor layer

to the gate metal layer that contacts the semiconductor
layer by performing gettering heat treatment on the
semiconductor layer;
forming a gate electrode by patterning the gate metal layer;
forming an interlayer insulating layer covering the gate
electrode, the gate insulating pattern, and the substrate;

forming a contact hole exposing a source area and a drain
area of the semiconductor layer and an opening expos-
ing the gate electrode on a channel area of the semicon-
ductor layer by patterning the interlayer insulating layer
and the gate insulating pattern; and

forming a source electrode connected with the source area

and a drain electrode connected with the drain area of the
semiconductor layer on the interlayer insulating layer.

9. The manufacturing method of the thin film transistor of
claim 8, wherein, forming of the source electrode and the
drain electrode includes:

exposing the gate insulating pattern on a connection edge

portion of the channel area of the semiconductor by
etching an edge portion of the gate electrode exposed
through the opening.

10. The manufacturing method of the thin film transistor of
claim 9, wherein the opening exposes the buffer layer adja-
cent to the connection edge portion of the channel area of the
semiconductor layer.

11. The manufacturing method of the thin film transistor of
claim 8, wherein forming the source area and the drain area in
the semiconductor layer includes doping the semiconductor
layer using the gate electrode as a doping mask.
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12. The manufacturing method of the thin film transistor of
claim 8, wherein a pattern of the gate insulating pattern is the
same as a pattern of the semiconductor layer.

13. The manufacturing method of the thin film transistor of
claim 8, wherein the gate metal layer contacts a side of the
semiconductor layer.

14. The manufacturing method of the thin film transistor of
claim 8, wherein, the gate electrode is formed on a channel
area of the semiconductor layer and covers an edge portion of
the gate insulating pattern.

15. The manufacturing method of the thin film transistor of
claim 8, wherein forming of the semiconductor layer and the
gate insulating pattern includes:

sequentially forming an amorphous silicon layer and a

metal catalyst layer on the buffer layer;

forming a polysilicon layer by crystallizing the amorphous

silicon layer;

forming a gate insulating layer on the polysilicon layer;

and

simultaneously patterning the polysilicon layer and the

gate insulating layer.

16. The manufacturing method of the thin film transistor of
claim 8, wherein the forming of the semiconductor layer and
the gate insulating pattern includes:

forming a metal catalyst layer and an amorphous silicon

layer on the buffer layer;

forming a polysilicon layer by crystallizing the amorphous

silicon layer;

forming a gate insulating layer on the polysilicon layer;

and

simultaneously patterning the polyslilicon layer and the

gate insulating layer.

17. The manufacturing method of the thin film transistor of
claim 8, wherein forming of the semiconductor layer and the
gate insulating pattern includes:

sequentially forming a metal catalyst layer, an amorphous

silicon layer, and a gate insulating layer on the buffer
layer;

forming a polysilicon layer by crystallizing the amorphous

silicon layer; and

simultaneously patterning the polysilicon layer and the

gate insulating layer.

18. The manufacturing method of the thin film transistor of
claim 8, wherein the gettering heat treatment is performed at
a temperature between 450° C. and 1043° C.

19. The manufacturing method of the thin film transistor of
claim 8, further comprising forming a low-resistive metal
layer on the gate metal layer.

20. The manufacturing method of the thin film transistor of
claim 19, wherein forming the gate electrode includes pat-
terning the gate metal layer and the low-resistive metal layer.
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21. An organic light emitting diode (OLED) display com-
prising:

a thin film transistor including:

a substrate,

a buffer layer on the substrate,

a semiconductor layer on the buffer layer,

a gate insulating pattern on the semiconductor layer,

a gate electrode on the gate insulating pattern,

an interlayer insulating layer covering the gate electrode
and the gate insulating pattern, the interlayer insulat-
ing layer having a contact hole and an opening extend-
ing therethrough, the contact hole exposing a source
area and a drain area of the semiconductor layer, and
the opening exposing a channel area of the semicon-
ductor layer, and

a source electrode and a drain electrode on the interlayer
insulating layer, the source electrode being connected
with the source area and the drain electrode being
connected with the drain area of the semiconductor
layer;

a pixel electrode on the thin film transistor and con-
nected with the thin film transistor;

an organic light emitting member on the pixel electrode;
and

a common electrode on the organic light emitting mem-
ber.

22. The OLED display of claim 21, wherein an edge of a
channel area of the semiconductor layer include boundary
edge portions adjacent to the source area and the drain area
and a connection edge portion connecting the boundary edge
portions, and the opening exposes the gate insulating pattern
on the connection edge portion of the channel area of the
semiconductor layer.

23. The OLED display of claim 22, wherein the opening
further exposes the buffer layer adjacent to the connection
edge portion of the channel area of the semiconductor layer.

24. The OLED display of claim 22, wherein the opening
extends along the connection edge portion of the channel
area.

25. The OLED display of claim 21, wherein a pattern of the
gate insulating pattern is the same as a pattern of the semi-
conductor layer.

26. The OLED display of claim 21, wherein the gate elec-
trode includes a gate metal including any one selected from
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, Al, ITO, an alloy thereof,
and a metal silicide.

27. The OLED display of claim 26, wherein the gate elec-
trode further includes a gate metal electrode contacting the
gate insulating pattern and a low-resistive metal electrode on
the gate metal electrode.
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