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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority from Ko-
rean Patent Application Numbers 10-2012-0057851 and
10-2013-0051644 filed on May 31, 2012 and May 8,
2013, respectively.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to an oxide sem-
iconductor sputtering target, a method of manufacturing
thin-film transistors (TFTs) using the same, and a TFT
manufactured using the same, and more particularly, to
an oxide semiconductor sputtering target which is used
for depositing a thin film having high electron mobility and
high operational reliability, a method of manufacturing
TFTs using the same, and a TFT manufactured using
the same.

Description of Related Art

[0003] Thin-film transistors (TFTs) are mainly used as
pixel switching devices for an active matrix flat panel dis-
play, even though they are also used as static random
access memory (SRAM) or read-only memory (ROM).
For instance, TFTs are used as switching devices or cur-
rent driving devices of a liquid crystal display (LCD) or
an organic light-emitting display (OLED). TFTs used as
switching devices enable pixels to be independently con-
trolled so that the pixels can express unique electrical
signals different from each other.
[0004] Currently, all of LCDs and OLEDs use TFTs
each of which has a silicon (Si)-based active layer. How-
ever, amorphous Si used in LCDs has a low operation
speed and is instable due to low electron mobility of about
0.5cm2/Vs. Therefore, the ability of amorphous Si to re-
alize a large, high-definition, and high-speed display is
limited. In addition, poly-silicon (poly-Si) used in OLEDs
exhibits better TFT device characteristics, such as elec-
tron mobility, than amorphous Si since it is crystallized
using an excimer laser. However, it is impossible to man-
ufacture a large device from poly-Si, which is problem-
atic.
[0005] Recently, as an approach to overcome these
problems, a TFT having an active layer based on an oxide
is gaining interest as a driving device of the next-gener-
ation display device. However, it is difficult to commer-
cialize this approach due to its lower yield and operational
reliability in an actual process. It is also difficult to apply
this approach to the next-generation, larger, high-defini-
tion and high-speed display since it has lower electron
mobility than poly-Si.
[0006] The information disclosed in the Background of
the Invention section is provided only for better under-

standing of the background of the invention, and should
not be taken as an acknowledgment or any form of sug-
gestion that this information forms a prior art that would
already be known to a person skilled in the art.
[0007] Thin film transistors according to the preamble
of claim 6 are known from US 2011/0220895 and US
2009/0278120.

BRIEF SUMMARY OF THE INVENTION

[0008] Various aspects of the present invention pro-
vide an oxide semiconductor sputtering target which is
used for depositing a thin film having high electron mo-
bility and high operational reliability, a method of manu-
facturing thin-film transistors (TFTs) using the same, and
a TFT manufactured using the same.
[0009] In an aspect of the present invention, provided
is an oxide semiconductor sputtering target which is used
in a sputtering process for depositing an active layer of
a TFT. The oxide semiconductor sputtering target ac-
cording to claim 1 is made of a material based on a com-
position including indium (In), tin (Sn), gallium (Ga) and
oxygen (O).
[0010] In the present invention, the composition in-
cludes gallium oxide, tin oxide and indium oxide, in which
the content ratios of the In, the Ga and the Sn are, by
atomic percent, 60 to 70, 10 to 25 and 5 to 30 with respect
to a total of In+Ga+Sn.
[0011] In another aspect of the present invention, pro-
vided is a method of manufacturing TFTs that includes
the step of depositing an active layer using the above-
described oxide semiconductor sputtering target. Pref-
erably, the method comprises a step of annealing the
active layer in a temperature ranging from 200 to 400 °C
after depositing the active layer. Preferably, the method
comprises a step of annealing the active layer in a tem-
perature ranging from 250 to 350 °C after depositing the
active layer.
[0012] The thin-film transistor may be used in a display
device, such as a liquid crystal display (LCD) or an or-
ganic light-emitting display (OLED).
[0013] In a further aspect of the present invention, pro-
vided is a thin-film transistor comprising an active layer
that comprises a material based on a composition includ-
ing indium (In), tin (Sn), gallium (Ga) and oxygen (O).
The content ratios of the In, the Ga and the Sn is, by
atomic percent, 60 to 70, 10 to 25 and 5 to 30 with respect
to a total of In+Ga+Sn.
[0014] According to embodiments of the present inven-
tion, the oxide semiconductor sputtering target is formed
from a quaternary semiconductor material based on the
composition including In, Sn, Ga and O, and an active
layer of a TFT is deposited using the oxide semiconductor
sputtering target. Accordingly, the resultant active layer
can exhibit higher electron mobility and operational reli-
ability than an active layer of the related art that is formed
from a quaternary semiconductor material based on a
composition including In, Ga, Zn and O. It is therefore
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possible to improve the performance of the TFT and a
display device having the same while increasing the yield
of the TFT. It is therefore possible to avoid using Zn for
the semiconductor material. Accordingly, neither the
sputtering target nor the final product comprises Zn.
[0015] The methods and apparatuses of the present
invention have other features and advantages which will
be apparent from, or are set forth in greater detail in the
accompanying drawings, which are incorporated herein,
and in the following Detailed Description of the Invention,
which together serve to explain certain principles of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is a cross-sectional view showing a thin-film
transistor (TFT) to which a sputtering target accord-
ing to an embodiment of the present invention is ap-
plied;
FIG. 2 is a graph showing drain currents depending
on gate voltages by the TFT to which a sputtering
target according to an embodiment of the present
invention is applied and by a TFT of the related art;
FIG. 3 is a graph showing the electron mobility of
thin films depending on the In content of the targets
according the present invention;
FIG. 4 is a table showing a result obtained by sorting
the characteristics of the thin films of FIG. 3;
FIG. 5 is a view showing variation in Id content de-
pending on the amount of Vg in TFTs in which a
conductive thin film, a thin film which is not suitable
as an active layer of a TFT due to its poor charac-
teristics even though it exhibits semiconductive char-
acteristics, and a semiconductor thin film having su-
perior characteristics were used as an active layer;
and
FIG. 6 is a graph showing the operational reliability
of a TFT device depending on the Ga content of a
target according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Reference will now be made in detail to an oxide
semiconductor sputtering target, a method of manufac-
turing thin-film transistors (TFTs) using the same, and a
TFT manufactured using the same according to the
present invention, embodiments of which are illustrated
in the accompanying drawings and described below, so
that a person having ordinary skill in the art to which the
present invention relates can easily put the present in-
vention into practice.
[0018] Throughout this document, reference should be
made to the drawings, in which the same reference nu-
merals and signs are used throughout the different draw-
ings to designate the same or similar components. In the
following description of the present invention, detailed

descriptions of known functions and components incor-
porated herein will be omitted when they may make the
subject matter of the present invention unclear.
[0019] FIG. 1 is a cross-sectional view showing a TFT
to which a sputtering target according to an embodiment
of the present invention is applied.
[0020] The oxide semiconductor sputtering target ac-
cording to an embodiment of the present invention is a
target that is used in a sputtering process for depositing
an active layer 130 of the TFT 100 shown in FIG. 1. The
sputtering process is a method of bombarding a target
with high-speed plasma particles so that a nearby sub-
strate is deposited with atoms released from the target.
[0021] According to an embodiment of the present in-
vention, the oxide semiconductor sputtering target is
made of a material based on a composition that includes
indium (In), tin (Sn), gallium (Ga) and oxygen (O). For
instance, the composition of the sputtering target can in-
clude gallium oxide, tin oxide and indium oxide. Here,
the content ratios of In, Ga and Sn are, by atomic percent,
60 to 70, 10 to 25 and 5 to 30 with respect to the total
(In+Ga+Sn).
[0022] Although FIG. 1 illustrates the TFT having a bot-
tom-gate structure, the present invention is not limited
thereto. For example, the sputtering target according to
the present invention can be used for depositing a thin
film of a variety of TFT structures, such as a TFT having
a top-gate structure.
[0023] FIG. 2 is a graph showing drain currents de-
pending on gate voltages by the TFT to which a sputtering
target according to an embodiment of the present inven-
tion is applied and by a TFT of the related art.
[0024] The active layer 130 of the TFT 100 was depos-
ited by a sputtering process using the oxide semiconduc-
tor sputtering target formed from the composition includ-
ing In, Sn, Ga and O as described above. As shown in
FIG. 2, the TFT 100 having the active layer 130 deposited
using the oxide semiconductor sputtering target formed
from the composition including In, Sn, Ga and O exhibits
a high on-off switching ratio. In a high-voltage range (Vg
> Vth), the drain current of the TFT 100 having the active
layer 130 is about 10 times that of a TFT that is made of
a quaternary semiconductor material of the related art
based on a composition including In, Ga, Zn and O. In
addition, the TFT 100 having the active layer 130 can
more rapidly switch since the sub-threshold swing
(V/dec), one of major characteristics of a switching de-
vice, is low.
[0025] FIG. 3 is a graph showing the electron mobility
of thin films depending on the In content of the targets
according the present invention, and FIG. 4 is a table
showing a result obtained by sorting the characteristics
of the thin films of FIG. 3. In addition, FIG. 5 is a view
showing variation in the drain current (Id) depending on
the amount of Vg in TFTs in which a conductive thin film,
a thin film which is not suitable as an active layer of a
TFT due to its poor characteristics even though it exhibits
semiconductive characteristics, and a semiconductor
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thin film having superior characteristics were used as an
active layer.
[0026] As shown in the figures, the thin film deposited
using a target having an In content less than 60 atomic
percent is not suitable to be used as an active layer of a
TFT due to low electron mobility even though it exhibits
semiconductive characteristics. In addition, the thin film
deposited using a target having an In content exceeding
70 atomic percent is unavailable for an active layer of a
TFT since it has low electron mobility or exhibits conduc-
tive characteristics. In contrast, the thin film deposited
using a target having an In content ranging from 60 to 70
atomic percent exhibits superior electron mobility. Ac-
cordingly, it can be appreciated that the desirable In con-
tent of a target available for the process of forming an
active layer according to the present invention ranges
from 60 to 70 atomic percent. It is preferred that the elec-
tron mobility of the thin film according to the present in-
vention be at least 25 cm2/V s, more preferably be at
least 30 cm2/V·s.
[0027] When the active layer exhibits the conductive
characteristics, a TFT cannot realize the characteristic
of a semiconductor device that switches on and off at a
threshold voltage, since a high drain current is measured
irrespective of a gate voltage. The TFT using the thin film
unsuitable to be used as a semiconductor does not have
a significant change in the drain current depending on
the gate voltage. In addition, since a high leakage current
occurs at a gate voltage that does not exceed the thresh-
old voltage, this TFT exhibits poor performance as a
switching device. In contrast, the TFT using the thin film
having excellent semiconductive characteristics exhibits
superior performance as a switching device, since it
shows a significant change in the drain current depending
on the gate voltage.
[0028] FIG. 6 is a graph showing the operational reli-
ability of a device depending on the Ga content of a target
according to the present invention.
[0029] As shown in FIG. 6, when Ga,content of a target
ranges from 10 to 25 atomic percent, a thin film formed
using this target has high operational reliability, and can
be preferably used as an active layer of a TFT. Here, the
operational reliability of the device is obtained by meas-
uring a change in the threshold voltage Vth after the de-
vice is subjected to a multi-factor stress that includes
heat, light and a bias. The reliability is higher when the
change is smaller.
[0030] The target having the above-mentioned com-
position and content ratios can be manufactured by mix-
ing gallium oxide powder, tin oxide powder and indium
oxide powder at the above-mentioned content ratios,
forming the mixture by a forming method, such as cold
pressing, slip casting, filter pressing, cold isostatic press-
ing, gel casting, centrifugal sedimentation or gravimetric
sedimentation, followed by sintering. In addition, the tar-
get manufactured in this fashion can be used in the sput-
tering process in the state in which it is bonded to and
supported by a backing plate made of, for example, a

metal.
[0031] In the meantime, the TFT 100 which includes
the active layer 130 deposited using the oxide semicon-
ductor sputtering target according to an embodiment of
the present invention is used as a switching device or a
current driving device of a liquid crystal display (LCD) or
an organic light-emitting display (OLED). The TFT 100
includes a gate electrode 110, a gate insulating film 120,
the active layer 130, a source electrode 140 and a drain
electrode 150.
[0032] In the meantime, a substrate 10 can be made
of glass, a semiconductor wafer, metal oxide, a ceramic
material, plastic or the like which can satisfy thermody-
namic and mechanical requirements for the TFT 100. In
particular, the substrate 10 is preferably glass or plastic,
but the present invention is not limited thereto.
[0033] The gate electrode 110 is formed on the sub-
strate 10. When applied to a display, the gate electrode
110 diverges from a gate line (not shown) which is ar-
ranged on the substrate 10 in a first direction, for exam-
ple, a transverse direction. The gate electrode 110 is ap-
plied with a voltage which is to switch on/off the TFT 100.
For this, the gate electrode 110 can be made of a con-
ductive material such as metal or metal oxide. For in-
stance, the gate electrode 110 can be made of a metal,
such as Pt, Ru, Au, Ag, Mo, Al, W or Cu, or a metal or
conductive oxide, such as indium zinc oxide (IZO) or in-
dium tin oxide (ITO). The gate electrode 110 is formed
by depositing the above-mentioned conductive material
on the substrate 10 and then patterning the resultant
structure, in particular, simultaneously with the gate line
(not shown) in the same process.
[0034] The gate electrode 110 can include a diffusion
barrier film (not shown) and a Cu film deposited on the
diffusion barrier film (not shown). The diffusion barrier
film (not shown) prevents Cu atoms from diffusing into
the substrate 10, and intended to increase the bonding
force and electrical characteristic of Cu. The diffusion
barrier film (not shown) can have a composition that in-
cludes at least one selected from among, but not limited
to, Ti, Ta, Mo, Cr, Ni and Pt.
[0035] The gate insulating film 120 can be made of an
insulating material that is used in a typical semiconductor
device, in particular, a Si oxide or Si nitride. For instance,
the gate insulating film 120 can be made of SiO2 or a
high-K material, such as HfO2, Al2O3, Si3N4 or a mixture
thereof, the dielectric constant of which is higher than
that of SiO2.
[0036] The active layer 130 is formed on the portion of
the gate insulating film 120 that corresponds to the gate
electrode 110, and has a channel area CH. According to
an embodiment of the invention, the active layer 130 is
deposited on the gate insulating film 120 by the sputtering
process using the oxide semiconductor sputtering target
according to an embodiment of the invention as de-
scribed above, i.e. the sputtering target having the com-
position that includes, by atomic percent, 60 to 70% of
In, 10 to 25% of Ga and 5 to 30% of Sn with respect to
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the total (In+Ga+Sn), followed by patterning.
[0037] Accordingly, the active layer 130 having the
above-described composition and content ratios can ex-
hibit higher electron mobility and reliability than an active
layer of the related art that is formed from a quaternary
semiconductor material based on a composition includ-
ing In, Ga, Zn and O, and thus the performance of the
TFT 100 including the active layer 130 can also be im-
proved.
[0038] The source electrode 140 and the drain elec-
trode 150 are arranged on the active layer 130 such that
they are spaced apart from each other. Each of the
source electrode 140 and the drain electrode 150 can be
made of a conductive material, such as metal, and in-
clude a diffusion barrier film (not shown) and a Cu film
deposited on the diffusion barrier film (not shown) like
the gate electrode 110.
[0039] The source electrode 140 is connected to a data
line (not shown) which is arranged on the substrate 10
in a second direction, for example, a lengthwise direction
that perpendicularly intersects the gate line (not shown).
The drain electrode 150 is connected to the pixel elec-
trode (not shown).
[0040] In the meantime, an ohmic contact layer 135,
or an impurity semiconductor layer, can be formed be-
tween the active layer 130 and the source and drain elec-
trodes 140 and 150.
[0041] Although not shown in FIG. 1, the TFT can in-
clude a protective layer (not shown) or the like which is
formed on the source and drain electrodes. The protec-
tive layer (not shown) can be made of a material, such
as SiO2 or SiNx, or any one of the other oxides.
[0042] The TFT 100 to which the sputtering target ac-
cording to an embodiment of the present invention is ap-
plied is used as a switching device or a current driving
device. For instance, although not shown, the TFT 100
can used in a liquid crystal display (LCD) which includes
upper and lower substrates which face each other, a liq-
uid crystal layer which is sandwiched between the upper
and lower substrates, and a backlight which is disposed
on the rear surface of the lower substrate such that it
emits light forward. In this case, the TFT 100 is disposed
on the lower substrate on which a plurality of gate lines
and a plurality of data lines are disposed, in particular, in
a pixel area on the lower substrate that is defined by the
intersection of the lines. The upper substrate has a color
filter that corresponds to the pixel area. In addition, an
optical film (not shown) which compensates for the opti-
cal characteristics of the LCD can be disposed on the
upper surface of the upper substrate of the LCD.
[0043] In addition to LCDs, the TFT 100 to which the
sputtering target according to an embodiment of the
present invention is applied can also be used in an or-
ganic light-emitting display (OLED). In this case, the TFT
100 is disposed on the lower substrate on which a plu-
rality of gate lines and a plurality of data lines are dis-
posed, in particular, in a pixel area on the lower substrate
that is defined by the intersection of the lines. Here, or-

ganic light-emitting devices are disposed on the lower
substrate. The lower substrate is bonded with the upper
substrate, thereby forming an organic light-emitting panel
of the OLED. Each of the organic light-emitting devices
includes an anode, a cathode, and a hole transportation
layer, an emission layer and an electron transportation
layer which are positioned between the anode and cath-
ode. Here, a hole injection layer between the anode and
the hole transportation layer and an electron injection
layer between the electron transportation layer and the
cathode can also be provided in order to more efficiently
inject holes and electrodes. In this configuration, holes
that are injected into the emission layer through the hole
injection layer and the hole transportation layer from the
anode and electrons that are injected into the emission
layer through the electron injection layer and the electron
transportation layer from the cathode form excitons that
give off light corresponding to the energy gap between
the holes and electrons. Here, the anode can be made
of a material, such as indium tin oxide (ITO) or indium
zinc oxide (IZO), which has a high work function and is
transparent, and the cathode can be made of a material,
such as aluminum (Al), calcium (Ca) or an aluminum al-
loy, which has a low work function and is chemically sta-
ble.
[0044] In addition, an optical film (not shown) which
compensates for the optical characteristics of the OLED
can also be disposed on the upper surface of the upper
substrate of the OLED.
[0045] The foregoing descriptions of specific exempla-
ry embodiments of the present invention have been pre-
sented with respect to the drawings. They are not intend-
ed to be exhaustive or to limit the present invention to
the precise forms disclosed, and obviously many modi-
fications and variations are possible for a person having
ordinary skill in the art in light of the above teachings.
[0046] It is intended therefore that the scope of the
present invention not be limited to the foregoing embod-
iments, but be defined by the Claims appended hereto
and their equivalents.

Claims

1. An oxide semiconductor sputtering target made of a
composition including gallium oxide, tin oxide and
indium oxide, characterized in that the content ra-
tios of indium, gallium and tin being, by atomic per-
cent, 60 to 70, 10 to 25 and 5 to 30, with respect to
a total of indium, gallium and tin.

2. A method of manufacturing a thin-film transistor
(100), comprising depositing an active layer (130)
using the oxide semiconductor sputtering target ac-
cording to claim 1.

3. The method of claim 2, comprising annealing the ac-
tive layer (130) in a temperature ranging from 200
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to 400 °C after depositing the active layer (130).

4. The method of claim 3, comprising annealing the ac-
tive layer (130) in a temperature ranging from 250
to 350 °C after depositing the active layer (130).

5. The method according to one of claims 2 to 4, where-
in the thin-film transistor (100) is a thin-film transistor
(100) that is provided in a liquid crystal display or an
organic light-emitting display.

6. A thin-film transistor (100) comprising an active layer
(130) that comprises a material based on a compo-
sition including indium, tin, gallium and oxygen,
characterized in that the active layer (130) having
content ratios of indium, gallium and tin, by atomic
percent, 60 to 70, 10 to 25 and 5 to 30, with respect
to a total of indium, gallium and tin.

Patentansprüche

1. Oxidhalbleiter-Sputtertarget, hergestellt aus einer
Mischung, die Galliumoxid, Zinnoxid und Indiumoxid
aufweist, dadurch gekennzeichnet, dass die Ge-
haltsverhältnisse von Indium, Gallium und Zinn in
Atomprozent 60 bis 70, 10 bis 25 und 5 bis 30 be-
züglich einer Gesamtmenge von Indium, Gallium
und Zinn betragen.

2. Verfahren zur Herstellung eines Dünnfilmtransistors
(100), aufweisend die Abscheidung einer aktiven
Schicht (130) mittels des Oxidhalbleiter-Sputtertar-
gets nach Anspruch 1.

3. Verfahren nach Anspruch 2, aufweisend Glühen der
aktiven Schicht (130) bei einer Temperatur im Be-
reich von 200 bis 400 °C nach der Abscheidung der
aktiven Schicht (130).

4. Verfahren nach Anspruch 3, aufweisend Glühen der
aktiven Schicht (130) bei einer Temperatur im Be-
reich von 250 bis 350 °C nach der Abscheidung der
aktiven Schicht (130).

5. Verfahren nach einem der Ansprüche 2 bis 4, wobei
der Dünnfilmtransistor (100) ein Dünnfilmtransistor
(100), der in einer Flüssigkristallanzeige oder einer
organischen lichtemittierenden Anzeige bereitge-
stellt wird, ist.

6. Dünnfilmtransistor (100), aufweisend eine aktive
Schicht (130), die ein Material basierend auf einer
Mischung, die Indium, Zinn, Gallium und Sauerstoff
enthält, aufweist, dadurch gekennzeichnet, dass
die aktive Schicht (130) Gehaltsverhältnisse von In-
dium, Gallium und Zinn in Atomprozent von 60 bis
70, 10 bis 25 und 5 bis 30 bezüglich einer Gesamt-

menge von Indium, Gallium und Zinn aufweist.

Revendications

1. Cible de pulvérisation à semi-conducteur d’oxyde,
constituée d’une composition comprenant de l’oxyde
de gallium, de l’oxyde d’étain et de l’oxyde d’indium,
caractérisée en ce que les rapports de teneur d’in-
dium, gallium et étain sont, en pour cent atomique,
60 à 70, 10 à 25 et 5 à 30 par rapport à un total
d’indium, de gallium et d’étain.

2. Procédé de fabrication d’un transistor en couche
mince (100), comprenant le dépôt d’une couche ac-
tive (130) moyennant la cible de pulvérisation à semi-
conducteur d’oxyde selon la revendication 1.

3. Procédé selon la revendication 2, comprenant le re-
cuit de la couche active (130) à une température
dans la plage de 200 à 400 °C après le dépôt de la
couche active (130).

4. Procédé selon la revendication 3, comprenant le re-
cuit de la couche active (130) à une température
dans la plage de 250 à 350 °C après le dépôt de la
couche active (130).

5. Procédé selon l’une des revendications 2 à 4, dans
lequel le transistor en couche mince (100) est un
transistor (100) en couche mince prévu dans un af-
fichage à cristaux liquides ou un affichage électro-
luminescent organique.

6. Transistor en couche mince (100), comprenant une
couche active (130) qui comprend un matériau à ba-
se d’une composition comprenant de l’indium, du
gallium et de l’oxygène, caractérisé en ce que la
couche active (130) a, en pour cent atomique, des
rapports de teneur d’indium, gallium et étain de 60
à 70, 10 à 25 et 5 à 30 par rapport à un total d’indium,
de gallium et d’étain.
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