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(57) ABSTRACT

A method of manufacturing a thin film transistor (TFT), a
TFT manufactured by the method, a method of manufactur-
ing an organic light-emitting display apparatus that includes
the TFT, a display including the TFT. By including a buffer
layer below and an insulating layer above a silicon layer for
the TFT, the silicon layer can be crystallized without being
exposed to air, so that contamination can be prevented. Also,
due to the overlying insulating layer, the silicon layer can be
patterned without directly contacting photoresist. The result
is a TFT with uniform and improved electrical characteristics,
and an improved display apparatus.
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METHOD OF MANUFACTURING THIN FILM
TRANSISTOR, THIN FILM TRANSISTOR
MANUFACTURED BY USING THE METHOD,
METHOD OF MANUFACTURING ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS,
AND ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS MANUFACTURED BY USING
THE METHOD

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on the Jun. 13, 2011 and there
duly assigned Serial No. 10-2011-0057005.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a method of manu-
facturing a thin film transistor (TFT) having a uniform char-
acteristic, a TFT manufactured by using the method, a method
of manufacturing an organic light-emitting display apparatus,
and an organic light-emitting display apparatus manufactured
by using the method of manufacturing the organic light-
emitting display apparatus.

[0004] 2. Description of the Related Art

[0005] In general, a thin film transistor (TFT) including a
polycrystalline silicon layer is characterized by its excellent
electron mobility and its ability to configure a complementary
metal-oxide-semiconductor (CMOS) circuit, and thus the
TFT is used in the switching device of a high-definition (HD)
display panel, a projection panel requiring a high amount of
light, or the like.

[0006] According to the related art, a TFT is manufactured
in such a manner that an amorphous silicon layer is formed on
a substrate, the amorphous silicon layer is crystallized as a
polycrystalline silicon layer, and then the polycrystalline sili-
con layer is patterned to have a predetermined shape, so that
a semiconductor layer is formed. Afterward, a gate insulating
layer is formed so as to completely cover the semiconductor
layer, and a gate electrode is formed on the gate insulating
layer.

[0007] However, according to the related art, the crystalli-
zation process is performed while the amorphous silicon is
exposed to the air. Also, in the process in which the polycrys-
talline silicon layer is patterned so as to have the predeter-
mined shape, the polycrystalline silicon layer contacts pho-
toresist (PR). In this regard, contamination may occur in the
amorphous silicon layer or the polycrystalline silicon layer in
the crystallization process and the patterning process so that
the TFT does not exhibit a uniform characteristic but has a
distribution of characteristics.

SUMMARY OF THE INVENTION

[0008] The present invention provides a method of manu-
facturing a thin film transistor (TFT) by simultaneously form-
ing a buffer layer and an insulating layer when an amorphous
silicon layer is formed, and then simultaneously patterning a
semiconductor layer and a gate insulating layer; a TF'T manu-
factured by using the method; a method of manufacturing an
organic light-emitting display apparatus; and an organic
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light-emitting display apparatus manufactured by using the
method of manufacturing the organic light-emitting display
apparatus.

[0009] According to an aspect of the present invention, a
method of manufacturing a thin film transistor (TFT) may
include the steps of forming a buffer layer, an amorphous
silicon layer, and an insulating layer on a substrate; crystal-
lizing the amorphous silicon layer as a polycrystalline silicon
layer; forming a semiconductor layer and a gate insulating
layer which have a predetermined shape by simultaneously
patterning the polycrystalline silicon layer and the insulating
layer; forming a gate electrode, including a first portion and a
second portion, by forming and patterning a metal layer on
the gate insulating layer, wherein the first portion is formed on
the gate insulating layer and overlaps a channel region of a
semiconductor layer, and wherein the second portion contacts
the semiconductor layer; forming a source region and a drain
region on the semiconductor layer by performing doping on a
region of the semiconductor layer, wherein the region
excludes the channel region overlapping the gate electrode
and indicates a region which does not overlap the gate elec-
trode; forming an interlayer insulating layer on the gate elec-
trode so as to cover the gate insulating layer; forming contact
holes on the interlayer insulating layer and the gate insulating
layer so as to expose the source region and the drain region,
and simultaneously forming an opening for exposing the
second portion; and forming a source electrode and a drain
electrode by forming and patterning a conductive layer on the
interlayer insulating layer, wherein the source electrode and
the drain electrode are electrically connected to the source
region and the drain region, respectively, via the contact
holes, and simultaneously removing the second portion
exposed via the opening.

[0010] The step of forming the buffer layer, the amorphous
silicon layer, and the insulating layer on the substrate may be
performed via one process.

[0011] The amorphous silicon layer may be crystallized as
the polycrystalline silicon layer by using one of a solid phase
crystallization (SPC) method, a metal induced crystallization
(MIC) method, a super grain silicon (SGS) crystallization
method, and a Joule-heating induced crystallization (JIC)
method.

[0012] The method may further include the step of forming
a metal catalyst layer on the buffer layer, and the amorphous
silicon layer may be crystallized as the polycrystalline silicon
layer by performing a thermal treatment.

[0013] The second portion may indicate a width portion of
the gate electrode which is greater than a width of the semi-
conductor layer in a direction perpendicular to a movement
direction of electrons or holes in the semiconductor layer, and
which contacts the semiconductor layer.

[0014] The second portion may also contact the gate insu-
lating layer.
[0015] The step of removing the second portion may

include the steps of removing the second portion together
with a portion of the semiconductor layer which contacts the
second portion, and removing a portion of the gate insulating
layer which contacts the second portion, and the buffer layer
may be exposed via a region where the second portion, the
portion of the semiconductor layer, and the portion of the gate
insulating layer have been removed.

[0016] The opening may be formed on the interlayer insu-
lating layer corresponding to the second portion.
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[0017] The buffer layer may include at least one material
selected from the group consisting of silicon oxide, silicon
nitride, and silicon oxynitride.

[0018] According to another aspect of the present inven-
tion, a thin film transistor (TFT) may include a substrate; a
buffer layer disposed on the substrate; a semiconductor layer
disposed on the buffer layer and including a channel region,
and source and drain regions formed by having the channel
region arranged therebetween, wherein a width of the channel
region with respect to a direction perpendicular to a move-
ment direction of electrons or holes is less than a width of the
source region or a width of the drain region; a gate insulating
layer patterned on the semiconductor layer so as to have the
same shape as the semiconductor layer; a gate electrode
formed on the gate insulating layer so as to correspond to the
channel region; an interlayer insulating layer formed on the
gate insulating layer so as to cover the gate electrode; and a
source electrode and a drain electrode disposed on the inter-
layer insulating layer and electrically connected to the source
region and the drain region, respectively.

[0019] The buffer layer may include at least one material
selected from the group consisting of silicon oxide, silicon
nitride, and silicon oxynitride.

[0020] According to another aspect of the present inven-
tion, a method of manufacturing an organic light-emitting
display apparatus may include the steps of forming a buffer
layer, an amorphous silicon layer, and an insulating layer on
a substrate; crystallizing the amorphous silicon layer as a
polycrystalline silicon layer; forming a semiconductor layer
and a gate insulating layer which have a predetermined shape
by simultaneously patterning the polycrystalline silicon layer
and the insulating layer; forming a gate electrode including a
first portion and a second portion by forming and patterning a
metal layer on the gate insulating layer, wherein the first
portion is formed on the gate insulating layer and overlaps a
channel region of a semiconductor layer, and wherein the
second portion contacts the semiconductor layer; forming a
source region and a drain region on the semiconductor layer
by performing doping on a region of the semiconductor layer,
wherein the region excludes the channel region overlapping
the gate electrode and indicates a region which does not
overlap the gate electrode; forming an interlayer insulating
layer on the gate electrode so as to cover the gate insulating
layer; forming contact holes on the interlayer insulating layer
and the gate insulating layer so as to expose the source region
and the drain region, and simultaneously forming an opening
for exposing the second portion; forming a source electrode
and a drain electrode by forming and patterning a conductive
layer on the interlayer insulating layer, wherein the source
electrode and the drain electrode are electrically connected to
the source region and the drain region, respectively, via the
contact holes, and simultaneously removing the second por-
tion exposed via the opening; forming a planarization layer on
the interlayer insulating layer so as to cover the source elec-
trode and the drain electrode; forming a via hole on the
planarization layer so as to expose the source electrode or the
drain electrode; forming a pixel electrode on the planarization
layer, wherein the pixel electrode is electrically connected to
the source electrode or the drain electrode via the via hole;
forming an intermediate layer including an emission layer
(EML) on the pixel electrode; and forming an opposite elec-
trode on the intermediate layer.
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[0021] The step of forming the buffer layer, the amorphous
silicon layer, and the insulating layer on the substrate may be
performed via one process.

[0022] The amorphous silicon layer may be crystallized as
the polycrystalline silicon layer by using one of a solid phase
crystallization (SPC) method, a metal induced crystallization
(MIC) method, a super grain silicon (SGS) crystallization
method, and a Joule-heating induced crystallization (JIC)
method.

[0023] The method may further include the step of forming
a metal catalyst layer on the buffer layer, and the amorphous
silicon layer may be crystallized as the polycrystalline silicon
layer by performing a thermal treatment.

[0024] The second portion may indicate a width portion of
the gate electrode which is greater than a width of the semi-
conductor layer in a direction perpendicular to a movement
direction of electrons or holes in the semiconductor layer, and
which contacts the semiconductor layer.

[0025] The second portion may also contact the gate insu-
lating layer.
[0026] The step of removing the second portion may

include the step of removing the second portion, together with
a portion of the semiconductor layer which contacts the sec-
ond portion and a portion of the gate insulating layer which
contacts the second portion, and the buffer layer may be
exposed via a region where the second portion, the portion of
the semiconductor layer, and the portion of the gate insulating
layer have been removed.

[0027] The planarization layer may also be formed on the
buffer layer exposed via the region.

[0028] The opening may be formed on the interlayer insu-
lating layer corresponding to the second portion.

[0029] The buffer layer may include at least one material
selected from the group consisting of silicon oxide, silicon
nitride, and silicon oxynitride.

[0030] The method may further include the step of forming
apixel defining layer (PDL) on the planarization layer so as to
cover side edges of the pixel electrode.

[0031] According to another aspect of the present inven-
tion, an organic light-emitting display apparatus may include
a substrate; a buffer layer disposed on the substrate; a semi-
conductor layer disposed on the buffer layer and including a
channel region, and source and drain regions formed by hav-
ing the channel region arranged therebetween, wherein a
width of the channel region with respect to a direction per-
pendicular to a movement direction of electrons or holes is
less than a width of the source region or a width of the drain
region; a gate insulating layer patterned on the semiconductor
layer so as to have the same shape as the semiconductor layer;
a gate electrode formed on the gate insulating layer so as to
correspond to the channel region; an interlayer insulating
layer formed on the gate insulating layer so as to cover the
gate electrode; a source electrode and a drain electrode dis-
posed on the interlayer insulating layer and electrically con-
nected to the source region and the drain region, respectively;
aplanarization layer formed on the interlayer insulating layer
so as to cover the source electrode and the drain electrode; a
pixel electrode disposed on the planarization layer and elec-
trically connected to the source electrode or the drain elec-
trode; an intermediate layer disposed on the pixel electrode
and including an emission layer (EML); and an opposite
electrode disposed on the intermediate layer.
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[0032] The buffer layer may include at least one material
selected from the group consisting of silicon oxide, silicon
nitride, and silicon oxynitride.

[0033] The organic light-emitting display apparatus may
further include a pixel defining layer (PDL) disposed on the
planarization layer so as to cover side edges of the pixel
electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which:

[0035] FIGS. 1A, 1B, 2A, 2B, 3A through 3C, 4A through
4C, 5A through 5C, 6A through 6C, and 7A through 7C are
cross-sectional views which schematically illustrate a
method of manufacturing a thin film transistor (TFT) accord-
ing to an embodiment of the present invention;

[0036] FIGS. 8A through 8C and 9 are cross-sectional
views illustrating a method of manufacturing an organic
light-emitting display apparatus according to an embodiment
of the present invention; and

[0037] FIG. 10 is a cross-sectional view illustrating a
method of manufacturing a TFT in a case where a metal
catalyst layer is further formed on a buffer layer according to
another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0038] As the invention allows for various changes and
numerous embodiments, particular embodiments will be
illustrated in the drawings and described in detail in the writ-
ten description. However, this is not intended to limit the
present invention to particular modes of practice, and it is to
be appreciated that all changes, equivalents, and substitutions
which do not depart from the spirit and technical scope of the
present invention are encompassed in the present invention.
In the description of the present invention, certain detailed
explanations of related art are omitted when it is deemed that
they may unnecessarily obscure the essence of the invention.
[0039] While such terms as “first,” “second,” etc., may be
used to describe various components, such components must
not be limited to the above terms. The above terms are used
only to distinguish one component from another.

[0040] The terms used in the present specification are
merely used to describe particular embodiments, and are not
intended to limit the present invention. An expression used in
the singular encompasses the expression of the plural unless
it has a clearly different meaning in the context. In the present
specification, it is to be understood that terms, such as
“including” or “having,” etc., are intended to indicate the
existence of the features, numbers, steps, actions, compo-
nents, parts, or combinations thereof disclosed in the speci-
fication, and are not intended to preclude the possibility that
one or more other features, numbers, steps, actions, compo-
nents, parts, or combinations thereof may exist or may be
added.

[0041] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
[0042] Hereinafter, the present invention will be described
in detail by explaining exemplary embodiments of the inven-
tion with reference to the attached drawings.

[0043] FIGS.1A,1B,2A, 2B, 3A through 3C, 4A through
4C, 5A through 5C, 6A through 6C, and 7A through 7C are
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cross-sectional views which schematically illustrate a
method of manufacturing a thin film transistor (TFT) TR
according to an embodiment of the present invention.

[0044] Referring to FIGS. 1A and 1B, a buffer layer 110, an
amorphous silicon layer 120, and an insulating layer 130 are
formed on a substrate 100 via one process. Afterward, the
amorphous silicon layer 120 is crystallized as a polycrystal-
line silicon layer 121.

[0045] The substrate 100 may be formed of a transparent
glass material containing SiO, as a main component, but it is
not limited thereto.

[0046] The buffer layer 110 functions to prevent penetra-
tion of impurities and to planarize a surface. Also, the buffer
layer 110 functions to protect one surface of the amorphous
silicon layer 120 which corresponds to the substrate 100. The
buffer layer 110 may be formed of at least one material
selected from the group consisting of silicon oxide, silicon
nitride, and silicon oxynitride.

[0047] In general, the amorphous silicon layer 120 is
formed by chemical vapor deposition (CVD), and the amor-
phous silicon layer 120 formed by CVD contains a gas such as
hydrogen. The gas may cause a problem in that electron
mobility may be decreased, and thus, a dehydrogenation pro-
cess may be performed so as to prevent hydrogen from
remaining in the amorphous silicon layer 120. However, the
dehydrogenation process is not an essential process and may
be omitted. In addition, the amorphous silicon layer 120 may
be formed of microcrystalsilicon uc-Si rather than amorphous
silicon a-Si.

[0048] Theamorphous silicon layer 120 becomes the poly-
crystalline silicon layer 121 via a crystallization process.
Since the insulating layer 130 is already formed on the amor-
phous silicon layer 120, it is advantageous to crystallize the
amorphous silicon layer 120 by performing a thermal treat-
ment. For example, a method of crystallizing amorphous
silicon as polycrystalline silicon includes a solid phase crys-
tallization (SPC) method, a metal induced crystallization
(MIC) method, a super grain silicon (SGS) crystallization
method, a Joule-heating induced -crystallization (JIC)
method, and the like.

[0049] However, the crystallization method is not limited to
the aforementioned methods and thus one of various methods
which are well known in the art may be used.

[0050] The SPC method involves annealing a glass for sev-
eral hours to several tens of hours at a temperature equal to or
less than about 700° C. at which the glass which forms the
substrate 100 is deformed. The MIC method uses a phenom-
enon in which, when metal including nickel, palladium, gold,
aluminum and the like contacts the amorphous silicon layer
120 or is implanted into the amorphous silicon layer 120, the
amorphous silicon layer 120 is phase-changed as the poly-
crystalline silicon layer 121. In order to solve a contamination
problem of a metal catalyst in a metal induced crystallization
method, the SGS crystallization method involves adjusting a
size of a crystalline grain containing a metal seed to a level of
several micrometers to several hundreds of micrometers by
adjusting a concentration of the metal catalyst, which diffuses
to the amorphous silicon layer 120, to a low level. In the SGS
crystallization, the crystalline grain radially grows with
respect to the metal seed, resulting in a crystalline growth
direction between adjacent crystalline grains being random.

[0051] The JIC method involves forming a conduction
layer for Joule heating on or below silicon, and then crystal-
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lizing silicon by using heat which is generated when an inten-
sive electric field is momentarily applied to the conduction
layer.

[0052] The insulating layer 130 functions to protect the
amorphous silicon layer 120 from external contamination in
a crystallization process of the amorphous silicon layer 120,
and functions to protect the polycrystalline silicon layer 121
by preventing the polycrystalline silicon layer 121 from being
directly exposed to photoresist (PR) or to an external envi-
ronment while a patterning process is being performed. The
insulating layer 130 may be formed as a single layer or as a
plurality of layers, including an inorganic insulating layer
such as silicon oxide, silicon nitride or the like.

[0053] According to the present embodiment, the buffer
layer 110, the amorphous silicon layer 120, and the insulating
layer 130 are formed via one process so that the amorphous
silicon layer 120 is not exposed to the air while the amorphous
silicon layer 120 is crystallized, and thus the amorphous
silicon layer 120 is not contaminated. By doing so, a distri-
bution of characteristics of the TFT TR may not occur, and an
electric characteristic may be improved.

[0054] Referring to FIGS. 2A and 2B, the polycrystalline
silicon layer 121 and insulating layer 130 of FIG. 1B are
simultaneously patterned so that a semiconductor layer 122
and a gate insulating layer 131, which have a predetermined
shape, are formed.

[0055] In more detail, photoresist is coated on the insulat-
ing layer 130 of FIG. 1B. Afterward, an exposing operation is
performed by using a photomask having predetermined pat-
tern holes, and then a developing operation is performed, so
that the exposed photoresist is removed. Afterward, the poly-
crystalline silicon layer 121 and the insulating layer 130 are
etched so as to have a predetermined shape by using the rest
of the photoresist as a mask. By doing so, the semiconductor
layer 122 and the gate insulating layer 131 of FIG. 2B are
formed. Afterward, the photoresist remaining on the gate
insulating layer 131 is removed via an ashing operation or a
photoresist stripping operation.

[0056] According to the present embodiment, the amor-
phous silicon layer 120 and the insulating layer 130 of FIG.
1B are formed together via one process so that the photoresist
does not directly contact the semiconductor layer 122 (or, the
polycrystalline silicon layer 121) of FIG. 2B while the semi-
conductor layer 122 and the gate insulating layer 131 are
formed. Thus, problems of contamination and device charac-
teristic deterioration, which are caused by direct contact
between the photoresist and the semiconductor layer 122, do
not occur.

[0057] Referring to of FIGS. 3A through 3C, after a metal
layer is formed on the gate insulating layer 131, a gate elec-
trode 140 is formed by patterning the metal layer. In this
regard, a first width dg of the gate electrode 140 is less than a
first width da of the semiconductor layer 122, but a second
width wg of the gate electrode 140 is greater than a second
width wa of the semiconductor layer 122. Thus, the gate
electrode 140 includes a first portion 141 which is formed on
the gate insulating layer 131 and which overlaps a channel
region of the semiconductor layer 122, and second portions
142 which are formed on the gate insulating layer 131 and
which directly contact the semiconductor layer 122. That is,
the second portions 142 indicate width portions of the gate
electrode 140 which are greater than a width of the semicon-
ductor layer 122 in a direction (that is, a y direction) perpen-
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dicular to a movement direction (that is, an x direction) of
electrons or holes in the semiconductor layer 122.

[0058] FIG. 3B is a cross-sectional view of FIG. 3A, taken
along aline I-I' of FIG. 3A. Referring to FIG. 3B, the width of
the gate electrode 140 is less than the widths of the gate
insulating layer 131 and the semiconductor layer 122. FIG.
3C is a cross-sectional view of FIG. 3A, taken along a line
1I-IPof FIG. 3A. Referring to FIG. 3C, itis possible to see that
the width of the gate electrode 140 is greater than widths of
the gate insulating layer 131 and the semiconductor layer 122,
and the gate electrode 140 contacts side surfaces of the gate
insulating layer 131, and side surfaces of the semiconductor
layer 122.

[0059] Referring to FIGS. 4A through 4C, a doping opera-
tion is performed on the semiconductor layer 122 so that a
source region S and a drain region D are formed.

[0060] The semiconductor layer 122 may include a channel
region C, and the source and drain regions S and D, respec-
tively, which are doped with impurities. The semiconductor
layer 122 is doped with an N-type impurity or a P-type impu-
rity by using the gate electrode 140 as a self align mask. The
channel region C indicates a region in which the gate elec-
trode 140 overlaps the semiconductor layer 122, and on
which the doping operation is not performed. The source and
drain regions S and D, respectively, indicate regions in which
the gate electrode 140 does not overlap the semiconductor
layer 122, and on which the doping operation is performed.
Electrons or holes move from the source region S to the drain
region D or move from the drain region D to the source region
S.

[0061] The present embodiment is characterized in that the
doping operation is performed only on the source region S
and the drain region D since the width portions of the gate
electrode 140 are greater than the width of the semiconductor
layer 122 in the direction (that is, the y direction) perpendicu-
lar to the movement direction (that is, the x direction) of the
electrons or the holes in the semiconductor layer 122. In the
case where the channel region C is doped with impurities, a
characteristic of the device may deteriorate. However,
according to the present embodiment, a portion of the width
of the gate electrode 140 is greater than the semiconductor
layer 122, so that the gate electrode 140 completely covers the
semiconductor layer 122, and thus there is no risk that the
channel region C is doped with impurities.

[0062] Referring to FIGS. 5A through 5C, an interlayer
insulating layer 150 is formed on the gate electrode 140 so as
to cover the gate insulating layer 131.

[0063] The interlayer insulating layer 150 may be formed
as a single layer or as a plurality of layers including an
inorganic insulating layer such as silicon oxide, silicon nitride
or the like.

[0064] Referring to FIGS. 6A through 6C, contact holes
CTs and CTd, and openings H1 and H2, are formed.

[0065] The contact holes CTs and CTd are formed in the
interlayer insulating layer 150 and the gate insulating layer
131 so as to expose the source region S and the drain region D.
[0066] The openings H1 and H2 are formed in the inter-
layer insulating layer 150 so as to expose the second portions
142 where the gate electrode 140 and the semiconductor layer
122 contact each other. As long as the openings H1 and H2
expose the second portions 142, it does not matter that a
portion of the first portion 141 is also exposed.

[0067] Inorderto form the contact holes CTs and CTd, and
the openings H1 and H2, an etching solution may be used so
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as to perform etching on an insulating layer, and the contact
holes CTs and CTd and the openings H1 and H2 are simul-
taneously formed via the same process. In operations illus-
trated in FIGS. 6A through 6C, a process of forming the
contact holes CTs and CTd by removing the insulating layer,
and a process of forming the openings H1 and H2 by remov-
ing the insulating layer, are simultaneously performed. By
doing so, it is possible to decrease the number of manufac-
turing processes, and to perform patterning of the source
electrode 160 (refer to FIGS. 7A through 7C) and the drain
electrode 170 (refer to FIGS. 7A through 7C) and removal of
the second portions 142 via one process.

[0068] Referring to FIGS. 7A through 7C, the source elec-
trode 160 and the drain electrode 170 are formed, and then the
second portions 142, which are exposed via the openings H1
and H2 formed with reference to FIGS. 6 A through 6C, are
removed.

[0069] The source electrode 160 and the drain electrode
170 are formed in such a manner that a conductive layer,
which is formed as a single layer or a plurality of layers
including a low-resistance metal material, is formed on the
interlayer insulating layer 150, and is then patterned. In this
regard, the source electrode 160 and the drain electrode 170
are electrically connected to the source region S and the drain
region D, respectively, via the contact holes CTs and Ctd,
respectively.

[0070] The conductive layer for forming the source elec-
trode 160 and the drain electrode 170 may also be stacked in
the openings H1 and H2, in addition to the contact holes CTs
and CTd, and when the source electrode 160 and the drain
electrode 170 are patterned, the conductive layer stacked in
the openings H1 and H2 may also be removed. In this regard,
since the second portions 142 of the gate electrode 140 which
contact the semiconductor layer 122 are formed of a metal
material, when the conductive layer stacked in the openings
H1 and H2 is removed, the conductive layer stacked in the
openings H1 and H2 is also removed.

[0071] According to the present embodiment, when the
second portions 142 are removed, a portion of the semicon-
ductor layer 122, and a portion of the gate insulating layer 131
which contacts the second portions 142 of the gate electrode
140, may also be removed. In this case, the buffer layer 110
which is disposed below the semiconductor layer 122, and the
gate insulating layer 131 which contacts the second portions
142, may be exposed via a region where the second portions
142 and a configuration contacting the second portions 142
have been removed. In the case where the portion of the
semiconductor layer 122 and the portion of the gate insulating
layer 131 which contact the second portions 142 of the gate
electrode 140, are also removed, an etching solution capable
of etching not only a metal material but also a semiconductor
material and an insulating material may be used.

[0072] According to the present embodiment, the second
portions 142 of the gate electrode 140, which are largely
formed so as to contact the semiconductor layer 122 and to
achieve a successful doping operation, are removed so that
the possibility of a short circuit between the semiconductor
layer 122 and the second portions 142 of the gate electrode
140 is eliminated. By doing so, it is possible to manufacture a
TFT having improved reliability.

[0073] Referring to FIGS. 7A through 7C, it is possible to
see that the semiconductor layer 122 and the gate electrode
140 have particular shapes in a planar view of the TFT TR
according to the present embodiment. In more detail, in the

Dec. 13, 2012

semiconductor layer 122, a width of the channel region C
with respect to adirection (that is, a y direction) perpendicular
to amovement direction (that is, an x direction) of electrons or
holes is less than a width of the source region S or a width of
the drain region D. That is, the semiconductor layer 122 may
have a dumbbell shape. The gate electrode 140 is formed to
correspond to the channel region C.

[0074] FIGS. 8A through 8C and 9 are cross-sectional
views illustrating a method of manufacturing an organic
light-emitting display apparatus according to an embodiment
of the present invention.

[0075] The organic light-emitting display apparatus 1000
of FIG. 9 includes a plurality of pixels, and each of the pixels
includes a circuit unit and an emission unit. The circuit unit
includes at least one TFT, and the emission unit which is
electrically connected to the circuit unit includes an organic
light emitting diode (OLED). Further referring to FIG. 9, the
OLED may include a pixel electrode 210 functioning as an
anode, an opposite electrode 220 functioning as a cathode,
and an intermediate layer 300 interposed between the pixel
electrode 210 and the opposite electrode 220. However, one
or more embodiments are not limited thereto, and thus the
pixel electrode 210 may be a cathode and the opposite elec-
trode 220 may be an anode. According to an emission type of
organic light-emitting display apparatus 1000, when the
organic light-emitting display apparatus 1000 is a top-emis-
sion type, the emission unit may be disposed so as to block the
circuit unit. When the organic light-emitting display appara-
tus 1000 is a bottom-emission type or a dual-emission type,
the emission unit may be disposed so as not to block the
circuit unit.

[0076] Since the method of manufacturing the TFT TR
included in the organic light-emitting display apparatus 1000
has been described above with reference to FIGS. 1 through 7,
hereinafter, only subsequent processes will be further
described.

[0077] Referring to FIGS. 8A through 8C, a planarization
layer 180 is formed on the interlayer insulating layer 150 so as
to cover the TFT TR. The planarization layer 180 is also
formed on the buffer layer 110 which is exposed via the
region where the second portions 142 of FIGS. 6A and 6C
have been removed in FIG. 7C. The planarization layer 180
may be a single layer or a plurality of layers, the top surface
of which is planarized. The planarization layer 180 may be
formed of an inorganic material and/or an organic material. In
this manner, an insulating material is filled in the region
where the second portions 142 have been removed in FIG. 7C,
and thus the structure and the electrical characteristic of the
TFT may be stabilized.

[0078] Referring to FIG. 9, a via hole VH is formed by
penetrating the planarization layer 180 so as to expose the
drain electrode 170 of the TFT TR. Via the via hole VH, the
TFT TR and the pixel electrode 210 which is formed as a
predetermined pattern on the planarization layer 180 are elec-
trically connected.

[0079] A pixel defining layer (PDL) 190 is formed on the
planarization layer 180 so as to cover side edges of the pixel
electrode 210. The PDL 190 functions to define a pixel while
the PDL 190 covers the side edges of the pixel electrode 210
by having a predetermined thickness. Also, the PDL 190
functions to prevent occurrence of an arc at an end of the pixel
electrode 210 by increasing the distance between the end of
the pixel electrode 210 and the opposite electrode 220 (to be
described later).
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[0080] The intermediate layer 300, including an emission
layer (EML) 310, and the opposite electrode 220 are sequen-
tially formed on the pixel electrode 210.

[0081] The intermediate layer 300 may be formed as a
small-molecule organic layer or a polymer organic layer.
When the intermediate layer 300 is formed as a small-mol-
ecule organic layer, the intermediate layer 300 may have a
structure in which a hole injection layer (HIL), a hole trans-
port layer (HTL), the EML 310, an electron transport layer
(ETL), an electron injection layer (EIL), or the like are sin-
gularly or multiply stacked, and may be formed by using one
of various organic materials, including copper phthalocya-
nine (CuPc), N,N'-Di(naphthalene-1-y1)-N,N'-diphenyl-ben-
zidine (NPB), tris-8-hydroxyquinoline aluminum) (Alqg3), or
the like.

[0082] When the intermediate layer 300 is formed as the
polymer organic layer, the intermediate layer 300 may
include only a HTL toward the pixel electrode 210 with
respect to the EML 310. The HTL may be formed by using
poly-(2,4)-ethylene-dihydroxy thiophene (PEDOT), polya-
niline (PANI), or the like. In this regard, the EML 310 may be
formed in each of red, green and blue pixels, and the HIL, the
HTL, the ETL and the EIL are common layers, and may be
commonly applied to the red, green and blue pixels.

[0083] Anencapsulation substrate 400 prevents external air
and moisture from penetrating into the intermediate layer
300, including the EML 310. Side edges of the substrate 100
and the encapsulation substrate 400 may be combined by an
encapsulating member (not shown).

[0084] FIG. 10 is a cross-sectional view illustrating a
method of manufacturing a TFT in a case where a metal
catalyst layer is further formed on a buffer layer according to
another embodiment of the present invention.

[0085] Referringto FIG. 10, unlike the embodiment of FIG.
1, the method of FIG. 10 includes a step of forming the buffer
layer 110 on the substrate 100 and further includes a step of
forming the metal catalyst layer 115 on the buffer layer 110.
The amorphous silicon layer 120 and the insulating layer 130
are formed on the metal catalyst layer 115. The metal catalyst
layer 115 may be formed of a metal catalyst selected from the
group consisting of Ni, Pd, Ti, Ag, Al, Sn, Sb, Cu, Co, Mo, Tr,
Ru, Rh, Cd, and Pt, and preferably, the metal catalyst layer
115 may be formed of Ni.

[0086] By performing a thermal treatment on the metal
catalyst layer 115, the amorphous silicon layer 120 is crys-
tallized as the polycrystalline silicon layer 121.

[0087] By performing the thermal treatment, some of the
metal catalyst diffuses into the amorphous silicon layer 120,
and due to the metal catalyst which reaches the amorphous
silicon layer 120, the amorphous silicon layer 120 is crystal-
lized as the polycrystalline silicon layer 121. That is, the
metal catalyst is combined with silicon of the amorphous
silicon layer 120 so that metal silicide is formed, and then the
metal silicide forms a seed which is a core of the crystalliza-
tion so that the amorphous silicon layer 120 is crystallized as
the polycrystalline silicon layer 121.

[0088] In the latter regard, the thermal treatment may be
performed by using one of various processes including a
furnace process, a rapid thermal annealing (RTA) process, an
ultraviolet (UV) process, and a laser process.

[0089] The thermal treatment may be performed twice, and
in this regard, a first thermal treatment process includes a
process in which the metal catalyst of the metal catalyst layer
115 moves to an interface of the amorphous silicon layer 120,
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and then forms the seed, and a second thermal treatment
process includes a process in which the amorphous silicon
layer 120 is crystallized as the polycrystalline silicon layer
121 due to the seed. In this regard, the first thermal treatment
process may be performed at a temperature between about
200° C. and about 800° C., and the second thermal treatment
process may be performed at a temperature between about
400° C. and about 1300° C.

[0090] Although the organic light-emitting display appara-
tus is described above as a display apparatus including the
TFT according to the present embodiment, one or more
embodiments of the present invention are not limited thereto.
Thus, one or more embodiments of the present invention may
be applied to all types of display apparatuses, including a
liquid crystal display (LCD) apparatus.

[0091] According to one or more embodiments of the
present invention, due to the buffer layer and the insulating
layer, the amorphous silicon layer may be crystallized with-
out being exposed to the air, so that contamination maybe
prevented. Also, due to the insulating layer, the amorphous
silicon layer may be patterned without directly contacting
photoresist. Accordingly, the TFT may maintain a uniform
characteristic so that the electrical characteristic of the TFT
may be improved, and the display quality of a display appa-
ratus may be improved.

[0092] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and detail maybe made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What is claimed is:
1. A method of manufacturing a thin film transistor (TFT),
the method comprising the steps of:

forming a buffer layer, an amorphous silicon layer, and an
insulating layer on a substrate;

crystallizing the amorphous silicon layer as a polycrystal-
line silicon layer;

forming a semiconductor layer and a gate insulating layer
which have a predetermined shape by simultaneously
patterning the polycrystalline silicon layer and the insu-
lating layer;

forming a gate electrode including a first portion and a
second portion by forming and patterning a metal layer
on the gate insulating layer, wherein the first portion is
formed on the gate insulating layer and overlapped with
a channel region of a semiconductor layer, and wherein
the second portion contacts the semiconductor layer;

forming a source region and a drain region on the semicon-
ductor layer by performing doping on a region of the
semiconductor layer, wherein the region does not
include the channel region overlapping the gate elec-
trode and constitutes a region which does not overlap the
gate electrode;

forming an interlayer insulating layer on the gate electrode
s0 as to cover the gate insulating layer;

forming contact holes on the interlayer insulating layer and
the gate insulating layer so as to expose the source region
and the drain region, and simultaneously forming an
opening for exposing the second portion; and

forming a source electrode and a drain electrode by form-
ing and patterning a conductive layer on the interlayer
insulating layer, wherein the source electrode and the
drain electrode are electrically connected to the source
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region and the drain region, respectively, via the contact
holes, and simultaneously removing the second portion
exposed via the opening.

2. The method of claim 1, wherein the step of forming the
buffer layer, the amorphous silicon layer and the insulating
layer on the substrate is performed via one process.

3. The method of claim 1, wherein the amorphous silicon
layer is crystallized as the polycrystalline silicon layer by
using one of a solid phase crystallization (SPC) method, a
metal induced crystallization (MIC) method, a super grain
silicon (SGS) crystallization method, and a Joule-heating
induced crystallization (JIC) method.

4. The method of claim 1, further comprising the step of
forming a metal catalyst layer on the buffer layer;

wherein the amorphous silicon layer is crystallized as the
polycrystalline silicon layer by performing a thermal
treatment.

5. The method of claim 1, wherein the second portion
comprises a portion of the gate electrode having a width
which is greater than a width of the semiconductor layer in a
direction perpendicular to a movement direction of one of
electrons and holes in the semiconductor layer, and the sec-
ond portion contacts the semiconductor layer.

6. The method of claim 1, wherein the second portion also
contacts the gate insulating layer.

7. The method of claim 6, wherein the step of removing the
second portion comprises removing the second portion
together with a portion of the semiconductor layer which
contacts the second portion, and removing a portion of the
gate insulating layer which contacts the second portion; and

wherein the buffer layer is exposed via a region where the
second portion, the portion of the semiconductor layer,
and the portion of the gate insulating layer have been
removed.

8. The method of claim 1, wherein the opening is formed on
the interlayer insulating layer corresponding to the second
portion.

9. The method of claim 1, wherein the buffer layer com-
prises at least one material selected from a group consisting of
silicon oxide, silicon nitride, and silicon oxynitride.

10. A thin film transistor (TFT), comprising:

a substrate;

a buffer layer disposed on the substrate;

a semiconductor layer disposed on the buffer layer and
including a channel region, and a source region and a
drain region formed by having the channel region
arranged therebetween, wherein a width of the channel
region with respect to a direction perpendicular to a
movement direction of one of electrons and holes is less
than one of a width of the source region and a width of
the drain region;

a gate insulating layer patterned on the semiconductor
layer so as to have a same shape as the semiconductor
layer;

a gate electrode formed on the gate insulating layer so as to
correspond to the channel region;

an interlayer insulating layer formed on the gate insulating
layer so as to cover the gate electrode; and

a source electrode and a drain electrode disposed on the
interlayer insulating layer and electrically connected to
the source region and the drain region, respectively.

11. The TFT of claim 10, wherein the buffer layer com-

prises at least one material selected from a group consisting of
silicon oxide, silicon nitride, and silicon oxynitride.
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12. A method of manufacturing an organic light-emitting
display apparatus, the method comprising the steps of:

forming a buffer layer, an amorphous silicon layer, and an

insulating layer on a substrate;

crystallizing the amorphous silicon layer as a polycrystal-

line silicon layer;

forming a semiconductor layer and a gate insulating layer

which have a predetermined shape by simultaneously
patterning the polycrystalline silicon layer and the insu-
lating layer;
forming a gate electrode including a first portion and a
second portion by forming and patterning a metal layer
on the gate insulating layer, wherein the first portion is
formed on the gate insulating layer and overlapped with
a channel region of the semiconductor layer, and
wherein the second portion contacts the semiconductor
layer;
forming a source region and a drain region on the semicon-
ductor layer by performing doping on a region of the
semiconductor layer, wherein the region of the semicon-
ductor layer excludes the channel region overlapped
with the gate electrode and constitutes a region which
does not overlap the gate electrode;
forming an interlayer insulating layer on the gate electrode
5o as to cover the gate insulating layer;

forming contact holes on the interlayer insulating layer and
the gate insulating layer so as to expose the source region
and the drain region, and simultaneously forming an
opening for exposing the second portion;

forming a source electrode and a drain electrode by form-

ing and patterning a conductive layer on the interlayer
insulating layer, wherein the source electrode and the
drain electrode are electrically connected to the source
region and the drain region, respectively, via the contact
holes, and simultaneously removing the second portion
exposed via the opening;

forming a planarization layer on the interlayer insulating

layer so as to cover the source electrode and the drain
electrode;
forming a via hole on the planarization layer so as to expose
one of the source electrode and the drain electrode;

forming a pixel electrode on the planarization layer,
wherein the pixel electrode is electrically connected to
said one of the source electrode and the drain electrode
via the via hole;

forming an intermediate layer comprising an emission

layer (EML) on the pixel electrode; and

forming an opposite electrode on the intermediate layer.

13. The method of claim 12, wherein the step of forming
the buffer layer, the amorphous silicon layer, and the insulat-
ing layer on the substrate is performed via one process.

14. The method of claim 12, wherein the amorphous silicon
layer is crystallized as the polycrystalline silicon layer by
using one of a solid phase crystallization (SPC) method, a
metal induced crystallization (MIC) method, a super grain
silicon (SGS) crystallization method, and a Joule-heating
induced crystallization (JIC) method.

15. The method of claim 12, further comprising the step of
forming a metal catalyst layer on the buffer layer;

wherein the amorphous silicon layer is crystallized as the

polycrystalline silicon layer by performing a thermal
treatment.

16. The method of claim 12, wherein the second portion
indicates a width portion of the gate electrode which is greater
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than a width of the semiconductor layer in a direction perpen-
dicular to a movement direction of one of electrons and holes
in the semiconductor layer, and which contacts the semicon-
ductor layer.

17. The method of claim 12, wherein the second portion
also contacts the gate insulating layer.

18. The method of claim 17, wherein the step of removing
the second portion comprises removing the second portion
together with a portion of the semiconductor layer which
contacts the second portion, and a portion of the gate insulat-
ing layer which contacts the second portion; and

wherein the buffer layer is exposed via a region where the

second portion, the portion of the semiconductor layer,
and the portion of the gate insulating layer have been
removed.

19. The method of claim 18, wherein the planarization
layer is also formed on the buffer layer exposed via the region.

20. The method of claim 12, wherein the opening is formed
on the interlayer insulating layer corresponding to the second
portion.

21. The method of claim 12, wherein the buffer layer com-
prises at least one material selected from a group consisting of
silicon oxide, silicon nitride, and silicon oxynitride.

22. The method of claim 12, further comprising the step of
forming a pixel defining layer (PDL) on the planarization
layer so as to cover side edges of the pixel electrode.

23. An organic light-emitting display apparatus, compris-
ing:

a substrate;

a buffer layer disposed on the substrate;

a semiconductor layer disposed on the buffer layer and

including a channel region, and a source region and a
drain region formed by having the channel region
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arranged therebetween, wherein a width of the channel
region with respect to a direction perpendicular to a
movement direction of one of electrons and holes is less
than one of a width of the source region and a width of
the drain region;

a gate insulating layer patterned on the semiconductor
layer so as to have a same shape as the semiconductor
layer;

a gate electrode formed on the gate insulating layer so as to
correspond to the channel region;

an interlayer insulating layer formed on the gate insulating
layer so as to cover the gate electrode;

a source electrode and a drain electrode disposed on the
interlayer insulating layer and electrically connected to
the source region and the drain region, respectively;

a planarization layer formed on the interlayer insulating
layer so as to cover the source electrode and the drain
electrode;

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

an intermediate layer disposed on the pixel electrode and
comprising an emission layer (EML); and

an opposite electrode disposed on the intermediate layer.

24. The organic light-emitting display apparatus of claim
23, wherein the buffer layer comprises at least one material
selected from a group consisting of silicon oxide, silicon
nitride, and silicon oxynitride.

25. The organic light-emitting display apparatus of claim
23, further comprising a pixel defining layer (PDL) disposed
onthe planarization layer so as to cover side edges of the pixel
electrode.
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