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(7) ABSTRACT

A thin film transistor including: a substrate; an active layer
formed over the substrate; a gate insulating layer formed over
the active layer; a gate electrode formed over the gate insu-
lating layer; an interlayer insulating layer formed over the
gate electrode; and source and drain electrodes that contact
the active layer via the interlayer insulating layer. The source
and drain electrodes may have a structure including an alu-
minum (Al) layer, an aluminum-nickel alloy (AINiX) layer,
and an indium tin oxide (ITO) layer, which are sequentially
stacked.
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THIN FILM TRANSISTOR AND ORGANIC
LIGHT-EMITTING DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional application of U.S.
patent application Ser. No. 13/103,938 filed May 9, 2011,
now pending, and further claims the benefit of Korean Patent
Application No. 10-2010-0095958, filed on Oct. 1, 2010, in
the Korean Intellectual Property Office. The disclosure of
each of U.S. patent application Ser. No. 13/103,938 filed May
9,2011 and Korean Patent Application No. 10-2010-0095958
is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The present technology relates to a thin film transis-
tor (TFT) and an organic light-emitting device display includ-
ing the same, and more particularly, to a TFT including
source/drain electrodes having a uniform etching profile and
an organic light-emitting display including the TFT.

[0004] 2. Description of the Related Technology

[0005] Thin film transistors (TFTs) are a particular kind of
field effect transistors manufactured by forming a semicon-
ductor thin film on an insulating support substrate. A TFT
typically includes a gate, a drain, and a source. TFTs are
generally used in sensors, memory devices, and optical
devices, and are mainly used as pixel switching devices or
driving devices of flat panel displays.

[0006] Organic light-emitting displays are typically formed
of materials that emit light when a voltage is applied thereto.
Organic light-emitting displays have certain advantages over
liquid crystal device (LCD) displays, such as a high lumi-
nance, wide viewing angles, and high response speeds.
Organic light-emitting devices typically do not require a
backlight, and thus can be made thin. An organic light-emit-
ting display typically includes an organic light-emitting diode
(OLED) and a TFT switching or driving the OLED.

[0007] The source and drain electrodes of TFTs used in
organic light-emitting displays may have a double or triple-
layered metal and/or metal oxide stack structure in consider-
ation of emission direction, resistance, contact with an active
layer, and contact with an electrode of an OLED. However, it
can be difficult to etch a stack structure formed of materials
having different etching properties to have a uniform profile
using a single etchant.

SUMMARY

[0008] The present invention provides a thin film transistor
(TFT) including source and drain electrodes having a stack
structure with a uniform etching profile and an organic light-
emitting display including the TFT.

[0009] According to an aspect of the present invention, a
thin film transistor includes: a substrate; an active layer
formed over the substrate; a gate insulating layer formed over
the active layer; a gate electrode formed over the gate insu-
lating layer; an interlayer insulating layer formed over the
gate electrode; and source and drain electrodes that contact
the active layer via the interlaver insulating layer.

[0010] The source and drain electrodes include an alumi-
num (Al) layer, an aluminum-nickel alloy (AINiX) layer, and
an indium tin oxide (ITO) layer, which are sequentially
stacked. The X of the AINiX layer may include lanthanum
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(La). The AINiX layer may include about 95-98 at. % of Al,
about 2-5 at. % of Ni, and about 0.2-1.0 at. % of X. The
thickness of the Allayer may be in the range of 300 A to 1000
A, the thickness of the AINiX layer may be in the range of
3000 A to 6000 A, and the thickness of the ITO layer may be
in the range of 50 A t0 200 A.

[0011]

[0012] The thin film transistor may further include a stor-
age capacitor including a lower capacitor electrode, a capaci-
tor dielectric layer, and a upper capacitor electrode on the
substrate. The lower capacitor electrode may be formed on
the same layer as the active layer, the capacitor dielectric
material may be formed on the same layer as the gate insu-
lating layer, and the upper capacitor electrode may be formed
on the same layer as the gate electrode.

[0013] The thin film transistor may further include a buffer
layer between the substrate and the active layer.

[0014] According to another aspect of the present inven-
tion, a thin film transistor includes: a substrate; an active layer
that is formed over the substrate and is a silicon layer having
a nitrated surface; a gate insulating layer formed over the
active layer; a gate electrode formed over the gate insulating
layer; an interlayer insulating layer formed over the gate
electrode; and source and drain electrodes. The source and
drain electrodes contact the active layer via the interlayer
insulating layer and include an aluminum-nickel alloy
(AINiX) layer and an indium tin oxide (ITO) layer, which are
sequentially stacked.

[0015] According to another aspect of the present inven-
tion, a thin film transistor includes: a substrate; an active layer
formed on the substrate; a gate insulating layer formed on the
active layer; a gate electrode formed on the gate insulating
layer; an interlayer insulating layer formed on the gate elec-
trode; and source and drain electrodes. The source and drain
electrodes contact the active layer via the interlayer insulating
layer and include an aluminum-cobalt alloy (AlCoX) layer
and an indium tin oxide (ITO) layer, which are sequentially
stacked.

[0016] According to another aspect of the present inven-
tion, an organic light-emitting display includes: the thin film
transistor; a pixel defining layer that is formed on the thin film
transistor and exposes a drain electrode of the thin film tran-
sistor; and an organic light-emitting diode including an emis-
sion layer formed on the drain electrode and the pixel defining
layer and a common electrode formed on the emission layer
and the pixel defining layer.

The active layer may be a silicon layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other features and advantages of the
present invention will become more apparent by describing in
detail certain embodiments thereof with reference to the
attached drawings in which:

[0018] FIG. 1 illustrates a stack structure of source and
drain electrodes of a thin film transistor (TFT) according to an
embodiment of the present invention;

[0019] FIG. 2 is a scanning electron microscopic (SEM)
image of the stack structure of the source and drain electrodes
of FIG. 1 to show an etching profile of the stack structure;

[0020] FIG. 3 illustrates a stack structure of source and
drain electrodes of a TFT according to another embodiment
of the present invention;
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[0021] FIG. 4 is a transmission electron microscopic
(TEM) image of a cross-section of a structure in which an
AlNiLa layer is formed on a silicon layer having a nitrated
surface;

[0022] FIG. 5 illustrates a stack structure of source and
drain electrodes of a thin film transistor (TFT) according to
another embodiment of the present invention;

[0023] FIG. 6is a schematic circuit diagram of a pixel of an
organic light-emitting display according to an embodiment of
the present invention; and

[0024] FIG. 7 is a schematic cross-sectional view of the
organic light-emitting display of FIG. 6.

DETAILED DESCRIPTION

[0025] Hereinafter, embodiments of the present invention
will now be described more fully with reference to the accom-
panying drawings. However, embodiments of the invention
may be embodied in may different forms and should not
construed as being limited to the descriptions set forth herein.
Rather, these embodiments are provided so that the present
disclosure is through and complete, and fully conveys the
concept of the invention to those skilled in the art. In the
accompanying drawings, thicknesses and sizes of layers and
regions are not drawn to scale for illustration purposes. Like
reference numerals in the drawings denote like elements.
[0026] FIG. 1 illustrates a stack structure 10 of source and
drain electrodes ofa thin film transistor (TFT)according to an
embodiment of the present invention.

[0027] Referring to FIG. 1, the stack structure 10 of the
source and drain electrodes may include an aluminum (Al)
layer 11, an aluminum-nickel alloy (AINiX) layer 12, and an
indium tin oxide (ITO) layer 13, which are sequentially
stacked on a silicon layer 1 that is an active layer.

[0028] The ITO layer 13, which is the uppermost layer of
the source and drain electrodes and formed of a transparent
conductive metal oxide, may function as an anode of an
organic light-emitting diode (OLED). The ITO layer 13 may
have a thickness in the range of 50 to 200 A. Optionally,
transparent conductive metal oxides, such as indium zinc
oxide (1ZO), tin oxide (TO) or zinc oxide (ZnO), may be used
instead of the ITO.

[0029] The AINiX is an alloy including Al, Ni, and a small
amount of metal X. The metal X may be lanthanum (La). Al
improves conductivity of the source and drain electrodes. Ni
may form an AINi, phase by heat-treatment to decrease inter-
face resistance between the [TO layer 13 and the AINiX layer
12, and the metal X may inhibit the formation of Al hillocks.
[0030] The AINiX layer 12 may efficiently reduce contact
resistance between the Allayer 11 and the ITO layer 13. If the
ITO layer 13 directly contacts the Al layer 11, an Al oxide
layer may be formed therebetween and the contact resistance
can increase. However, if the AINiX layer 12 is interposed
between the Al layer 11 and the ITO layer 13, the Al oxide
layer would not form, thereby reducing the contact resistance.
The AINiX layer 12 may reduce the contact resistance and
narrow the distribution of the resistance.

[0031] The AINiX layer 12 may contain about 95-98 at. %
of Al, about 2-5 at, % of Ni, and about 0.2-1.0 at. % of the
metal X. If the content of Al is less than 95% at. %, conduc-
tivity may be reduced. If the content of Ni is less than 2 at. %,
interface resistance against the ITO may increase. If the con-
tent of the metal X is less than 0.2 at. %, Al hillocks may form.
[0032] The AINiX layer 12 may have a thickness in the
range of 3000 to 6000 A. In addition, an aluminum cobalt
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alloy (AlCoGeX) may be used instead of the AINiX. The
metal X may be lanthanum (La).

[0033] The Al layer 11 may be formed of pure Al. If the
AINiX layer 12 directly contacts the silicon layer 1, as an
active layer, Al may be diffused into silicon at the contact
region by a subsequent heat-treatment at 250° C. or higher to
cause a junction spike. Since the active layer into which Al is
diffused becomes a conductor, the active layer cannot func-
tion as a TFT. However, if pure aluminum contacts silicon, a
Junction spike would not occur by the subsequent heat-treat-
ment at 250° C. or higher. Accordingly, the Al layer 11 can
inhibit the occurrence of a junction spike in the silicon layer
1.

[0034] Inaddition, if titanium (Ti) is formed on the bottom
surface of the AINiX layer 12, i.e., in an active layer/Ti/
AINiX/TTO stack structure, the ITO may protrude like a tip
while etching the stack structure and the Ti can remain on the
silicon layer like a tail. The ITO tip may form a high electric
field around the tip and reduce the lifespan of the OLED.
Alternatively, the ITO tip may be detached from the stack
structure and become particles that generate dark spots. In
addition, the Ti tail may decrease a margin of critical dimen-
sion (CD) to reduce substantial CD of an electrode, thereby
increasing resistance.

[0035] However, if the Al layer 11 is formed on the bottom
surface of the AINiX layer 12, i.e., in an active layer/Al/
AINiX/TTO stack structure, the stack structure may be etched
to have a gentle slope without an ITO tip or an Al tail. In other
words, the active layer/ AVAINiX/ITO stack structure may
form source and drain electrodes having a good profile using
a single etchant. Furthermore, the stack structure of the
source and drain electrodes according to the present embodi-
ment may facilitate the development of a phosphoric acid/
nitric acid/acetic acid-based etchant to improve the etching
profile.

[0036] FIG. 2 is a scanning electron microscopic (SEM)
image of an AVAINiX/ITO stack structure 10 showing an
etching profile, according to an embodiment of the present
invention. The AVAINiX/ITO stack structure 10 shown in
FIG. 2 was etched using phosphoric acid, nitric acid, and
acetic acid-based etchants. As shown in FIG. 2, the AI/AINiX/
ITO stack structure 10 having a gentle positive slope may be
formed on the silicon layer 1. The lower Al layer 11 may be
formed on the silicon layer 1 without a tail, and the upper ITO
layer 13 may be formed without a tip.

[0037] FIG. 3 illustrates a stack structure 20 of source and
drain electrodes of a TFT according to another embodiment
of the present invention.

[0038] Referring to FIG. 3, the stack structure 20 of the
source and drain electrodes may include an aluminum-nickel
alloy (AINiX) layer 22 and an ITO layer 23, which may be
sequentially stacked on a silicon layer 2 that is an active layer.
Also, a nitrated silicon layer 2' may be formed on the surface
of the silicon layer 2 between the silicon layer 2 and the
AINiX layer 22.

[0039] The ITO layer 23, which is the uppermost layer of
the source and drain electrodes and is formed of a transparent
conductive metal oxide, may function as an anode of an
OLED. The ITO layer 23 may have a thickness in the range of
5010 200 A. Optionally, transparent conductive metal oxides,
such as 170, TO or ZnO, may be used instead of the ITO.
[0040] The AINiX is an alloy including Al, Ni, and a small
amount of metal X. The metal X may be lanthanum (La). Al
can improve the conductivity of the source and drain elec-
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trodes. Ni can form an AINi, phase by heat-treatment to
decrease the interface resistance between the ITO layer 23
and the AINiX layer 22, and the metal X may inhibit the
formation of Al hillocks. The AINiX layer 22 may reduce the
contact resistance and narrow the distribution of resistance.
[0041] The AINiX layer 22 may contain about 95-98 at. %
of Al, about 2-5 at. % of Ni, and about 0.2-1.0 at. % of the
metal X. If the content of Al is less than 95% at. %, the
conductivity may decrease. If the content of Ni is less than 2
at. %, the interface resistance against ITO may increase. If the
content of the metal X is less than 0.2 at. %, Al hillocks may
occur. The AINiX layer 22 may have a thickness in the range
of 3000 to 6000 A.

[0042] The silicon layer 2 may have the nitrated surface
layer 2' formed thereon. The surface of the silicon layer 2 may
be nitrated by treating the silicon layer 2 with plasma. The
nitrated surface layer 2' of the silicon layer 2 may inhibit the
diffusion of the Al of the AINiX layer 22 into the silicon layer
2 and causing a junction spike. In this regard, the nitrated
surface layer 2' of the silicon layer 2 may be very thin, for
example, have a thickness of about 50 A, and thus the nitrated
surface layer 2' would not inhibit electric contact between the
source and drain electrodes 20 and the silicon layer 2. Also, an
aluminum cobalt alloy (AlCoGeX) may be used instead of the
AINiX. The metal X may be lanthanum (La).

[0043] FIG. 4 is a transmission electron microscopic
(TEM) image of a cross-section of a structure in which an
AlNiLa layer was formed on a silicon layer having a nitrated
surface. The stack structure shown in FIG. 4 was formed by
annealing at 300° C. for 30 minutes. Referring to the TEM
image of FIG. 4, the junction spike was not formed in the
silicon layer 2, because the surface 2' of the silicon layer 2 was
nitrated and prevented the Al of the AlNiLa 22 from being
diffused into the silicon layer 2.

[0044] FIG. 5 illustrates a stack structure 30 of source and
drain electrodes of a TFT according to another embodiment
of the present invention. Referring to FIG. 5, the stack struc-
ture 30 of the source and drain electrodes includes an alumi-
num-cobalt alloy (AlCoX) layer 32 and an ITO layer 33,
which are sequentially stacked on a silicon layer 3 that is an
active layer.

[0045] The ITO layer 33, which is the uppermost layer of
the source and drain electrodes and formed of a transparent
conductive metal oxide, may function as an anode of an
OLED. The ITO layer 33 may have a thickness in the range of
500 200 A. Optionally, transparent conductive metal oxides,
such as 170, TO or ZnO, may be used instead of the ITO.
[0046] The AICoX may be an alloy including Al, cobalt
(Co), and a metal such as germanium (Ge) and La. For
example, the AlCoX may be AlCoGeLa. Al can improve the
conductivity of the source and drain electrodes. Co may
decrease the contact resistance of the ITO layer 33, and the Ge
and La may inhibit the formation of Al hillocks. In other
words, the AlCoX layer 32 has excellent contact characteris-
tics with the ITO layer 33 and does not cause a junction spike
to occur in the interface with the silicon layer 3.

[0047] The AlCoX layer 32 may contain about 95-99 at. %
of Al, about 0.1-0.5 at. % of Co, and about 0.3-1.5 at. % of the
metal X. If X is Gel a, the content of Ge may be in the range
of about 0.2 to about 1.0 at. %, and the content of the La may
be in the range of about 0.1 to about 0.5 at. %. If the content
of Alis less than 95% at. %, the conductivity may be reduced.
If the content of Co is less than 0.1 at. %, the interface
resistance against ITO may increase. If the content of the
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metal X is less than 0.3 at. %, Al hillocks may occur. The
AlCoX layer 32 may have a thickness in the range 0of 3000 to
6000 A.

[0048] FIG. 6is a schematic circuit diagram of a pixel of an
organic light-emitting display according to an embodiment of
the present invention. Referring to FIG. 6, the pixel of the
organic light-emitting display includes two TFTs including a
switching transistor Ts and a driving transistor Td, a storage
capacitor Cst and an OLED.

[0049] The switching transistor Ts may be turned on/off
through a gate line by a gate signal and may transmit a data
signal received through a data line to the storage capacitor Cst
and the driving transistor Td.

[0050] The storage capacitor Cst can store the data signal
transmitted from the switching transistor Ts for one frame
period. The driving transistor Td can generate a driving cur-
rent corresponding to a voltage difference between the data
signal stored in the storage capacitor Cst and a driving voltage
(Vdd) line.

[0051] Thepixel of the OLED may include an anode that is
connected to an output terminal of the driving transistor Td
and a cathode to which a common voltage is applied, and emit
light having different intensities according to the driving cur-
rent of the driving transistor Td to display an image.

[0052] Also, the pixel of the organic light-emitting display
may further include a signal line in addition to the gate line
and the data line and devices in addition to the switching
transistor Ts and the driving transistor Td.

[0053] FIG. 7 is a schematic cross-sectional view of an
organic light-emitting display according to an embodiment of
the present invention.

[0054] Referring to FIG. 7, a buffer layer 102 is formed on
a substrate 101. The substrate 101 may be formed of glass,
quartz, or plastic, or any other material, such as silicon,
ceramic, or metal. The buffer layer 102 may inhibit impuri-
ties, such as alkali ions from the substrate 101, from penetrat-
ing into a TFT. The buffer layer 102 may insulate an active
layer from the substrate 101 if the buffer layer 102 contains
mobile ions or if a conductive substrate is used. The buffer
layer 102 may be formed of silicon oxide (SiOx), silicon
nitride (SiNXx), silicon oxynitride (Si1ONXx), or the like.
[0055] Anactive layer 111 of the switching transistor Ts, an
active layer 112 of the driving transistor Td, and a lower
capacitor electrode 113 may be formed on the buffer layer
102. The active layers 111 and 112 may be formed of poly-
crystalline silicon, amorphous silicon, an oxide semiconduc-
tor, or an organic semiconductor material. The lower capaci-
tor electrode 113 may be formed of the same material used to
form the active layers 111 and 112.

[0056] The active layers 111 and 112 may include drain
regions 111a and 112a and source regions 1115 and 1125,
which may be doped with a p-type semiconductor, and chan-
nelregions 111c and 112¢ between the drain regions 111a and
1124 and the source regions 1115 and 1125, respectively. In
this regard, the positions of the drain regions 1114 and 1124
and the source regions 1115 and 1125 may be exchanged.

[0057] Aninsulating layer 121 may be formed on the active
layers 111 and 112 and the lower capacitor electrode 113. The
insulating layer 121 may be a single layer or a plurality of
layers including a silicon oxide layer or a silicon nitride layer.
The insulating layer 121 may function as a gate insulating
layer on the active layers 111 and 112 and as a capacitor
dielectric layer on the lower capacitor electrode 113.
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[0058] Gate electrodes 131 and 132 and an upper capacitor
electrode 133 may be formed on the insulating layer 121. The
gate electrodes 131 and 132 may be formed of gold (Au),
silver (Ag), copper (Cu), nickel (Ni), platinum (Pt), palladium
(Pd), aluminum (Al), molybdenum (Mo), tungsten (W), tita-
nium (Ti), or an alloy thereof. The upper capacitor electrode
133 may be formed of the same material used to form the gate
electrodes 131 and 132.

[0059] Aninterlayer insulating layer 136 may be formed on
the gate electrodes 131 and 132 and the upper capacitor
electrode 133. The interlayer insulating layer 136 may be an
insulating layer formed of silicon oxide or silicon nitride.
[0060] Source and drain electrodes 141a and 1415 of the
switching transistor Ts may penetrate the interlayer insulat-
ing layer 136 to contact the source and drain regions 111a and
1115 of the active layer 111, and source and drain electrodes
142a and 1425 of the driving transistor Td may penetrate the
interlayer insulating layer 136 to contact the source and drain
regions 112a and 1125 of the active layer 112. The source and
drain electrodes 141a, 1415, 1424, and 1425 may include a
stack structure according to embodiments of the present
invention.

[0061] A pixel defining layer 146 that exposes the drain
electrode 142a of the driving transistor Td may be formed on
the source and drain electrodes 141a, 1415, 142a, and 1425
and the interlayer insulating layer 136. The pixel defining
layer 146 may be an organic or inorganic layer.

[0062] Thestack structure 151 of the OLED may be formed
to contact the drain electrode 142a of the driving transistor
Td. The drain electrode 1424 of the driving transistor Td may
function as a pixel electrode. The stack structure 151 of the
OLED may include an emission layer, and may further
include a hole injection layer, a hole transport layer, an elec-
tron injection layer, or an electron transport layer.

[0063] A common electrode 161 may be formed on the
stack structure 151 of the OLED. In a top-emission type
display device, the common electrode 161 may be formed of
a transparent conductive oxide, such as 1TO and IZO. The
common electrode 161 may also be a thin metal layer formed
of Ni or chromium (Cr) or a stack structure including a trans-
parent conductive oxide, such as ITO and 170, and a metal,
such as Ni or Cr. The common electrode 161 may function as
a cathode supplying electrons into the stack structure 151 of
the OLED.

[0064] Source and drain electrodes having a uniform etch-
ing profile by a single etchant may be manufactured by chang-
ing the materials of the stack structure of the source and drain
electrodes, and an etchant for the stack structure of the source
and drain electrodes may be developed.

[0065] 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 details may be
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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 thin film transistor comprising:

a substrate;

an active layer formed over the substrate and comprising a

silicon layer having a nitrated surface;

a gate insulating layer formed over the active layer;

a gate electrode formed over the gate insulating layer;

an interlayer insulating layer formed over the gate elec-

trode; and

source and drain electrodes that contact the active layer

through openings in the interlayer insulating layer and
comprise an aluminum-nickel alloy (AINiX) layer and
an indium tin oxide (ITO) layer, which are sequentially
stacked.

2. The thin film transistor of claim 1, wherein the X of the
AINiX layer comprises lanthanum (La).

3. The thin film transistor of claim 1, wherein the Al layer
has a thickness in the range of 300 A to 1000 A and the AINiX
layer has a thickness in the range of 3000 A to 6000 A.

4. The thin film transistor of claim 1, further comprising a
buffer layer between the substrate and the active layer.

5. A thin film transistor comptrising:

a substrate;

an active layer formed over the substrate;

a gate insulating layer formed over the active layer;

a gate electrode formed over the gate insulating layer;

an interlayer insulating layer formed over the gate elec-

trode; and

source and drain electrodes that contact the active layer

through openings in the interlayer insulating layer and
comprise an aluminum-cobalt alloy (AICoX) layer and
an indium tin oxide (ITO) layer, which are sequentially
stacked.

6. The thin film transistor of claim 5, wherein the X of the
AlCoX layer comprises germanium (Ge) and lanthanum
(La).

7. The thin film transistor of claim 6, wherein the Al1CoX
layer comprises about 95-99 at. % of Al, about 0.1-0.5 at. %
of Co, about 0.2-1.0 at. % of the Ge, and about 0.1-0.5 at. %
of La.

8. The thin film transistor of claim 5, wherein the AlICoX
layer has a thickness in the range 03000 A to 6000 A and the
ITO layer has a thickness in the range of 50 A to 200 A.

9. The thin film transistor of claim 5, wherein the source
and drain electrodes further comprise an Al layer between the
AlCoX layer and the active layer.

10. The thin film transistor of claim 5, wherein the active
layer is a silicon layer or a silicon layer having a nitrated
surface.
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