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(57) Abstract: Oxide semiconductors and thin film transistors (TFTs) including the same are provided. An oxide semiconductor
includes Zn atoms and at least one of Ta and Y atoms added thereto. A thin film transistor (TFT) includes a channel including an
oxide semiconductor including Zn atoms and at least one of Ta and Y atoms added thereto.



Description
OXIDE SEMICONDUCTORS AND THIN FILM TRANSISTORS

COMPRISING THE SAME
Technical Field

[1] The present invention relates to an oxide semiconductor and a thin film transistor

(TFT) including the same, and more particularly, to an oxide semiconductor including

a Zn oxide to which a novel material is added and a thin film transistor (TFT)

including the same

Background Art
[2] Conventional thin film transistors (TFTs) are utilized in various fields of application.

For example, TFTs are used as switching and driving devices in display devices and as

selective switches of cross-point type memory devices.

[3] While liquid crystal displays (LCDs) have been widely used as display panels for

televisions (TVs), organic light emitting displays (OLEDs) may also be used. TV

display technology is being developed according to market demands. These market

demands include larger-sized TVs or digital information displays (DIDs), reduced

costs, higher-quality images (e.g., better dynamic image presentation, higher

definition, higher luminosity, better contrast ratio and color reproduction, etc.). To

satisfy these requirements, in addition to fabrication of larger-sized substrates (e.g.,

glass), relatively high-performance TFTs suitable for being used as switching and

driving devices for displays may be necessary.

[4] Conventionally, amorphous silicon TFTs (a-Si TFTs) are used as driving and

switching devices for displays. Conventional a-Si TFTs are devices that may be re

latively uniformly formed on substrates greater than about 4 m2 in area at relatively

low costs. These types of TFTs are widely used as driving and switching devices. To

satisfy recent trends towards larger- sized and higher image quality displays, TFTs with

improved performance may be necessary. But, conventional a-Si TFTs with mobility

of about 0.5 cmWs may have reached the limit of their application. In this regard,

higher-performance TFTs with higher mobility than conventional a-Si TFTs and tech

nologies for fabricating such higher-performance TFTs may be necessary.

[5] Polycrystalline silicon TFTs (poly-Si TFTs) having better performance than a-Si

TFTs have relatively high mobility, for example, several tens to several hundreds of

cmWs. These conventional poly-Si TFTs may be applied to displays to provide re

latively high image quality, which may not be realized by conventional a-Si TFTs.

Moreover, the characteristics of poly-Si TFTs degrade less than a-Si TFTs. However,

processes for manufacturing poly-Si TFTs are more complicated than processes for



manufacturing a-Si TFTs. The more complex processes result in additional costs. In

short, poly-Si TFTs are suitable for manufacturing displays with relatively high image

quality and may be applied to products such as OLEDs, but are less cost-effective than

a-Si TFTs. Consequently, poly-Si TFTs are applied restrictively. In addition, due to

technological problems such as limits on the manufacturing equipment or lack of

uniformity of conventional poly-Si TFTs, the formation of poly-Si TFTs on substrates

greater than about 1 m2 in area has not been realized. Consequently, applying con

ventional poly-Si TFTs to larger-sized TV products is relatively difficult.

[6] Oxide semiconductor devices are another conventional TFT technology. Oxide semi

conductors may include ZnO-based TFTs. Conventional ZnO-based materials include

Zn oxides, In-Zn oxides, Zn oxides doped with Ga, Mg, Al, Fe, or the like, In-Zn

oxides doped with, Ga, Mg, Al, Fe, or the like, etc. ZnO-based semiconductor devices

may be manufactured from an amorphous ZnO-based semiconductor using a relatively

low-temperature process, which enables easier manufacture of ZnO-based semi

conductor devices on larger-sized substrates. A ZnO-based semiconductor, which is a

material with relatively high mobility, has electrical properties similar to poly-

crystalline silicon.

Disclosure of Invention

Technical Problem
[7] Example embodiments relate to oxide semiconductors, thin film transistors (TFTs)

including the same and methods of manufacturing the same; for example, oxide semi

conductors including a Zinc (Zn) oxide to which an additional material (e.g., Ta and/or

Y) is added and TFTs including the same. Example embodiments also provide oxide

TFTs having a channel region including the oxide semiconductor.

Technical Solution
[8] According to at least one example embodiment, an oxide semiconductor may include

Zn atoms and at least one of Ta and Y atoms added thereto. A thin film transistor

(TFT) may include a channel including an oxide semiconductor. The oxide semi

conductor may include Zn atoms and at least one of Ta and Y atoms added thereto.

[9] At least one example embodiment provides an oxide semiconductor comprising Zn

and Tantalum (Ta).

[10] At least one other example embodiment provides an oxide TFT. The oxide TFT may

include a gate and a channel formed to correspond to the gate. The channel may

include an oxide semiconductor including Zn and Ta. A gate insulator may be formed

between the gate and the channel. A source and a drain may contact respective sides of

the channel.

[11] According to at least some example embodiments, the oxide semiconductor may



include a Zn oxide including Ta. Alternatively, the oxide semiconductor may include a

Zn-In composite oxide including Ta. The oxide semiconductor may have an at% ratio

of Ta:In:Zn in the range of about 1 : 2.1 to 18 : 1.6 to 14, inclusive. For example, the

oxide semiconductor may have an at% ratio of Ta:In:Zn in the range of about 1 : 2.1 to

9.5 : 1.6 to 6.4, inclusive. In yet another example, the oxide semiconductor may have

an at% ratio of Ta:In:Zn in the range of about 1 : 5.7 to 9.5 : 4.8 to 6.4, inclusive. The

oxide semiconductor may further include an element selected from the group

consisting of or including elements of Groups I, II, III, IV, and V and elements

belonging to the lanthanide series.

[12] At least one other example embodiment provides an oxide semiconductor comprising

Zn and Yttrium (Y).

[13] At least one other example embodiment provides an oxide TFT. The oxide TFT may

include a gate and a channel formed to correspond to the gate. The channel may

include an oxide semiconductor including Zn and Y. A gate insulator may be formed

between the gate and the channel. A source and a drain may contact respective sides of

the channel.

[14] According to at least some example embodiments, the oxide semiconductor may

include a Zn oxide including Y. Alternatively, the oxide semiconductor may include a

Zn-In composite oxide including Y. The oxide semiconductor may have an at% ratio

of Y:In:Zn in the range of about 1 : 10 to 100 : 10 to 80, inclusive. For example, the

oxide semiconductor may have an at% ratio of Y:In:Zn in the range of about 1 : 21.7 to

50 : 14 to 41, inclusive. In yet another example, the oxide semiconductor may have an

at% ratio of Y:In:Zn in the range of about 1 : 46 to 50 : 30 to 41, inclusive. The oxide

semiconductor may further include one element selected from the group consisting of

elements of Groups I, II, III, IV, and V and elements belonging to the lanthanide series.

[15] At least one other example embodiment provides an oxide semiconductor comprising

Zn and at least one of Ta and Y.

[16] At least one other example embodiment provides an oxide TFT. The oxide TFT may

include a gate and a channel formed to correspond to the gate. The channel may

include an oxide semiconductor including Zn and at least one of Ta and Y. A gate

insulator may be formed between the gate and the channel. A source and a drain may

contact respective sides of the channel. The oxide semiconductor may include a Zn

oxide or a Zn-In composite oxide.

[17] At least one other example embodiment provides a method of manufacturing an

oxide semiconductor. According to at least this example embodiment, the method may

include forming an oxide semiconductor including Zn and at least one of Ta and Y.

[18] At least one other example embodiment provides a method of manufacturing an

oxide thin film transistor. According to at least this example embodiment, a gate may



be formed on a substrate. A gate insulating layer may be formed on the gate. A channel

region may be formed on the insulating layer. The channel region may include an

oxide semiconductor including Zn and at least one of Ta and Y. Source and drain

regions may be formed on respective ends of the channel region.

Description of Drawings
[19] Example embodiments will become more apparent by describing in detail the

example embodiments shown in the attached drawings in which:

[20] FIGS. IA and IB show cross-sectional views of thin film transistors including oxide

semiconductors according to example embodiments;

[21] FIGS. 2A to 2E show a method of manufacturing an oxide thin film transistor

according to an example embodiment;

[22] FIGS. 3A to 3F show graphs of drain current Id against gate voltage Vg of an example

embodiment of an oxide thin film transistor including an IZO including Ta as a

channel material when various source-drain voltages (0.1V, 5V, and 10V) are applied

to the oxide thin film transistor;

[23] FIGS. 4A and 4B are graphs showing changes in gate voltage (∆V) over time of a

sample of an example embodiment of an oxide thin film transistor, including a channel

formed by supplying a power of 25 W to deposition of a Ta target and thermally

treating the channel at 350 0C , in response to a drain current of 3 µA at 50 0C;

[24] FIGS. 5A and 5B show graphs of drain current I
DS

versus gate voltage VGs of an

example embodiment of an oxide thin film transistor including an IZO, wherein the

IZO further includes Y, as a channel material when various source-drain voltages

(0.1V, 5V, and 10V) are applied to the oxide thin film transistor;

[25] FIG. 5C shows a graph of drain current Id versus drain voltage Vd of an example em

bodiment of an oxide thin film transistor including a channel formed by supplying a

power of 15 W to deposition of a Y target when various gate voltages (0.1, 5, 10, 15,

and 20 V) are applied to the oxide thin film transistor; and

[26] FIGS. 6A and 6B show graphs of drain current I
DS

against gate voltage VGs of an

example embodiment of an oxide thin film transistor including a channel formed by

supplying a power of 15 W to deposition of a Y target in order to measure changes of

electrical characteristics of the oxide thin film transistor when the oxide thin film

transistor is exposed to light.

Mode for Invention
[27] Various example embodiments will now be described more fully with reference to

the accompanying drawings in which some example embodiments are shown. In the

drawings, the thicknesses of layers and regions are exaggerated for clarity.

[28] Detailed illustrative example embodiments are disclosed herein. However, specific



structural and functional details disclosed herein are merely representative for purposes

of describing example embodiments. This invention may, however, may be embodied

in many alternate forms and should not be construed as limited to only the example

embodiments set forth herein.

[29] Accordingly, while example embodiments are capable of various modifications and

alternative forms, embodiments thereof are shown by way of example in the drawings

and will herein be described in detail. It should be understood, however, that there is

no intent to limit example embodiments to the particular forms disclosed, but on the

contrary, example embodiments are to cover all modifications, equivalents, and al

ternatives falling within the scope of the invention. Like numbers refer to like elements

throughout the description of the figures.

[30] It will be understood that, although the terms first, second, etc. may be used herein to

describe various elements, these elements should not be limited by these terms. These

terms are only used to distinguish one element from another. For example, a first

element could be termed a second element, and, similarly, a second element could be

termed a first element, without departing from the scope of example embodiments. As

used herein, the term 'and/or,' includes any and all combinations of one or more of the

associated listed items.

[31] It will be understood that when an element or layer is referred to as being 'formed

on,' another element or layer, it can be directly or indirectly formed on the other

element or layer. That is, for example, intervening elements or layers may be present.

In contrast, when an element or layer is referred to as being 'directly formed on,' to

another element, there are no intervening elements or layers present. Other words used

to describe the relationship between elements or layers should be interpreted in a like

fashion (e.g., 'between,' versus 'directly between,' 'adjacent,' versus 'directly adjacent,'

etc.).

[32] The terminology used herein is for the purpose of describing particular embodiments

only and is not intended to be limiting of example embodiments. As used herein, the

singular forms 'a,' 'an,' and 'the,' are intended to include the plural forms as well, unless

the context clearly indicates otherwise. It will be further understood that the terms

'comprises,' 'comprising,' 'includes,' and/or 'including,' when used herein, specify the

presence of stated features, integers, steps, operations, elements, and/or components,

but do not preclude the presence or addition of one or more other features, integers,

steps, operations, elements, components, and/or groups thereof.

[33] An oxide semiconductor and an oxide thin film transistor (TFT) including the same

according to example embodiments will now be described more fully with reference to

the accompanying drawings. For reference, the thicknesses and widths of layers shown

in the drawings are exaggerated for the purpose of understanding .



[34] An oxide semiconductor according to an example embodiment may include a Zn

oxide or a Zn-In composite oxide to which Tantalum (Ta) or Yttrium (Y) is added.

[35] Ta having electronegativity of about 1.5 and Y having electronegativity of about 1.2

may form a relatively strong ionic bond with oxygen (O) having electronegativity of

about 3.5 since an electronegativity difference between Ta and O and between Y and O

is about 2.0 and 2.3, respectively. Ta has an ionic radius of about 0.070 nm and Y has

an ionic radius of about 0.093 nm, which are similar to that of Zn, which has an ionic

radius of about 0.074 nm. Thus, if Ta and/or Y is added to a Zn oxide or a Zn-In

composite oxide, Ta and/or Y may be more easily substituted for Zn with little or no

deformation of crystal lattice of the oxides.

[36] With respect to a-Si:H, for example, a covalent bond may be formed between a-Si

and H. When a-Si:H is coordinated with sp3 oxygen having directionality to form an

amorphous phase, an electron cloud around oxygen bonds may be distorted, which

may result in formation of relatively weak bonds. When TFTs having such a weak

bonding structure are operated for relatively long periods of time, electrons or holes

may accumulate at bonding sites. This may cause bonding states to break. Breaking of

bonding sites may adversely affect reliability due to a threshold voltage shift.

[37] On the other hand, with respect to an ionic bond, electron orbitals may overlap re

gardless of binding of oxygen an-ions due to a relatively large electron cloud of cat

ions. Thus, the resultant bonding structure may have little or no relatively weak bonds

irrespective of whether it is a crystal phase or a non-crystal (e.g., amorphous) phase.

This may enable manufacturing of a more reliable TFT. The Zn oxide or the Zn-In

composite oxide including Ta and/or Y may be mainly formed of ionic groups, but all

of the bindings need not be ionic bonds.

[38] In an example embodiment of an oxide semiconductor including an In-Zn composite

oxide including Ta, an at% ratio of Ta:In:Zn may be in the range of about 1 : 2.1 to 18

: 1.6 to 14, inclusive. In an example embodiment of an oxide semiconductor including

an In-Zn composite oxide including Y, an at% ratio of Y:In:Zn may be in the range of

about 1 : 10 to 100 : 10 to 80, inclusive.

[39] Oxide semiconductors according to example embodiments may further include

elements of Group I such as Li and K, elements of Group II such as Mg, Ca, and Sr,

elements of Group III such as Ga, Al, In, and Y, elements of Group IV such as Ti, Zr,

Si, Sn, and Ge, elements of Group V such as Ta, Vb, Nb, and Sb, elements belonging

to the lanthanide series such as La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,

Yb, and Lu, or the like.

[40] Oxide semiconductors according to example embodiments may be used, for example,

as a channel material for driving transistors used in liquid crystal displays (LCDs),

organic light emitting diodes (OLEDs), and the like. Oxide semiconductors according



to example embodiments may also be used as a channel material for transistors

included in peripheral circuits of memory devices or as a channel material for selection

transistors.

[41] FIGS. IA and IB show cross-sectional views of thin film transistors including oxide

semiconductors according to example embodiments. An example bottom gate type thin

film transistor is shown in FIG. IA, whereas an example top gate type thin film

transistor is shown in FIG. IB.

[42] Referring to FIG. IA, an oxide TFT according to an example embodiment may

include a gate electrode 13 disposed on a portion of a substrate 11. A gate insulating

layer 14 may be disposed on the substrate 11 and the gate electrode 13. When the

substrate 11 is a silicon (Si) substrate, an oxide layer 12 may be formed on a surface of

the substrate 11 using a thermal oxidation or similar process. A channel 15 may be

formed on a portion of the gate insulating layer 14 corresponding to the gate electrode

13. A source 16a and a drain 16b may be disposed on respective sides of the channel

15 and on the gate insulating layer 14. In the oxide TFT according to at least this

example embodiment, the channel 15 may include a Zn oxide or an In-Zn composite

oxide to which Ta and/or Y may be added.

[43] In one example, the gate electrode 13 may be formed to have a top surface and two

sloping side surfaces (e.g., a trapezoid shaped cross-section, wherein the width of the

upper surface is less than the width of the lower surface). The gate insulating layer 14

may be formed to cover upper and side surfaces of the gate electrode 13 and the

exposed portion of the upper surface of the oxide layer 12. Although not shown, the

oxide layer 12 may be omitted. The width of the channel 15 may correspond (e.g., be

the same or substantially the same as) the width of the lower surface of the gate

electrode 13.

[44] Referring to FIG. IB, in another example embodiment, the oxide TFT may include a

source 102a and a drain 102b formed on a substrate 101. The source 102a and the drain

102b may be spaced apart from one another. A channel 103 may be formed between

the source 102a and the drain 102b. The channel 103 may contact each of the source

102a and the drain 102b. A gate insulating layer 104 may be formed on the channel

103 and the substrate 101. A gate electrode 105 may be formed on the gate insulating

layer 104. The gate electrode 105 may be formed on a portion of the gate insulating

layer 104 corresponding to the channel 103. The gate electrode 105 may have a cross-

sectional width less than that of the channel 103. When the substrate 101 is a silicon

(Si) substrate, an oxide layer may be formed on a surface of the substrate 101 using a

thermal oxidation or similar process.

[45] Materials used to form the above-described layers of the oxide TFT according to at

least this example embodiment shown in FIGS. IA and/or IB will now be described.



The substrates 11 and 101 may be substrates used in semiconductor devices. For

example, the substrates 11 and 101 may be formed of Si, glass, an organic or similar

material. The oxide layers (e.g., 12 in FIG. IA, but not shown in FIG. IB) may be, for

example, a SiO2 layer formed by thermally oxidizing the substrates 11 and 101 if the

substrates 11 and 101 are formed of Si. The gate electrodes 13 and 105 may be formed

of a conductive material, for example, a metal such as Ti, Pt, Ru, Au, Ag, Mo, Al, W,

Cu or the like, or a conductive metal oxide such as IZO (InZnO), AZO (AlZnO), or the

like. The gate insulating layers 14 and 104 may be formed of an insulating material

used in semiconductor devices. For example, the gate insulating layers 14 and 104 may

be formed of, for example, SiO2, a high-k material having a dielectric constant higher

than SiO2 (e.g., HfO 2, Al2O3, Si3N4, a mixture thereof or the like). Each of the sources

16a and 102a and the drains 16b and 102b may be formed of a conductive material, for

example, a metal such as Ti, Pt, Ru, Au, Ag, Mo, Al, W, Cu or the like, or a

conductive metal oxide such as IZO (InZnO), AZO (AlZnO) or the like.

[46] Hereinafter, a method of manufacturing an oxide TFT according to an example em

bodiment will be described with reference to FIGS. 2A through 2E. The example em

bodiment of a method of manufacturing will be described with regard to the bottom

gate type TFT shown in FIG. IA. However, it will be understood that a similar process

may be used to manufacture a top gate type TFT.

[47] Referring to FIG. 2A, a substrate 11 may be prepared. The substrate 11 may be

formed of Si, glass, an organic or similar material. If the substrate 11 is formed of Si,

an oxide layer 12 (e.g., SiO2) may be formed on a surface of the substrate 11 using a

thermal oxidation or similar process. A conductive material 13a, such as a metal or

conductive metal oxide, may be coated on the substrate 11.

[48] Referring to FIG. 2B, the conductive material 13a may be patterned to form a gate

13.

[49] Referring to FIG. 2C, an insulating material may be coated on the gate 13 and

patterned to form a gate insulating layer 14. The gate insulating layer 14 may be

formed of, for example, a silicon oxide, a silicon nitride, a Hf oxide, an aluminum

oxide, a mixture of a Hf oxide and an aluminum oxide or similar material.

[50] Referring to FIG. 2D, a channel material may be coated on the gate insulating layer

14 using a process such as physical vapor deposition (PVD), chemical vapor de

position (CVD), atomic layer deposition (ALD), or the like. The channel material may

be patterned to form a channel 15 on a portion of the gate insulating layer 14 cor

responding to the gate 13. The channel 15 may be formed by adding at least one of Ta

and Y to a Zn material such as Zn oxide or a Zn-In composite oxide. For example,

when the channel 15 is formed using sputtering, a ZnO or an IZO (InZnO) target and a

Ta and/or Y target may be loaded in a process chamber and co-sputtered. Al-



ternatively, a single ZnO target or InZnO target including at least one of Ta and Y may

be used.

[51] Referring to FIG. 2E, a conductive material such as a metal or conductive metal

oxide, may be coated on the channel 15 and the gate insulating layer 14. The

conductive material may be patterned so that the material connects to each end of the

channel 15 to form a source 16a and a drain 16b. The resultant structure may be

annealed at about 400 0C or less (e.g., at about 300 0C ) using a general furnace, rapid

thermal annealing (RTA), laser, a hot plate or the like.

[52] Preparation Example

[53] A preparation example according to an example embodiment will now be described.

The preparation example will be described with regard to FIG. IA.

[54] According to at least one example embodiment, Mo may be deposited on a silicon

substrate 11 on which an oxide layer 12 is formed. The deposited Mo may form a gate

electrode 13 having a thickness of about 200 nm. Silicon nitride may be coated on the

substrate 11 and the gate electrode 13 to form a gate insulating layer 14 having a

thickness of about 200 nm. An oxide semiconductor may be coated on the gate in

sulating layer 14 to form a channel 15. The oxide semiconductor may be coated on a

portion of the gate insulating layer 14 corresponding to the gate electrode 13. A

process of forming the channel 15 will be described in more detail below.

[55] In one example process of forming the channel 15, an IZO target (e.g., In2O3:ZnO =

1:2 mol%) and a Ta or Y target may be used. These targets may be loaded in a

chamber of a sputter. During deposition, the total pressure of a chamber may be

maintained by supplying gaseous Ar and O2 in a ratio of about 95:5, while RF power of

about 150 W is applied to the IZO target, DC power of about 25 - 40 W, inclusive, is

applied to the Ta target, and DC power of about 15 - 35 W, inclusive, is applied to the

Y target. Using this process, the channel 15 may be formed to a thickness of about 70

nm. A ZnO target may be used instead of the InZnO target.

[56] A Ti/Pt (e.g., about 10/100 nm) double layer may be formed on either side of the

channel 15 as a source and a drain. The resultant structure may be thermally treated at

a temperature between about 300 0C to about 350 0C, inclusive, for about 1 hour. Im

purities formed on the surface of the channel may be removed using, for example, an

etching solution (e.g., water : acetic acid : hydrochloric acid = about 80:20:0.1 vol%).

[57] Drain currents Id against gate voltages Vg of the oxide thin film transistor (e.g., with

channel size : W/L = 50µm /4 µm) prepared according to the above-described pre

paration example were measured when source-drain voltages of 0.IV and 10V were

applied thereto.

[58] FIGS. 3A to 3F show graphs of drain current Id versus gate voltage Vg of an oxide

thin film transistor according to an example embodiment. In this example, the oxide



thin film transistor includes an IZO including Ta as a channel material. The data shown

in FIGS. 3A to 3F are obtained when various source-drain voltages (e.g., 0.1V, 5V,

and 10V) are applied to the oxide thin film transistor.

[59] FIGS. 3A to 3F show graphs of a sample including a channel formed by respectively

supplying various powers (e.g., 15 W, 20 W, 25 W, 30 W, 35 W, and 40 W) to the de

position of the Ta target during the sputtering process.

[60] Referring to FIGS. 3A to 3F, the channel material has transfer curve properties

available for a transistor in the entire range of the power supplied to the deposition.

Table 1 below shows composition, mobility, and swing voltage according to the

intensity of power supplied to the deposition of the Ta target. To evaluate composition

of the oxide semiconductor materials, Inductively Coupled Plasma (ICP)-Auger

Electron Spectroscopy (AES) analysis (having an error range of about 1%) was

performed using a sequential spectrometer. Referring to Table 1, as the power for the

deposition of the Ta target increases, the amount of Ta increases. The at% ratio of

Ta:In:Zn shown in Table 1 was in the range of about 1 : 2.1 to 9.5 : 1.6 to 6.4,

inclusive. In this experimental example, an On current was about 10 4 A, an Off current

was less than or equal to about 10 11 - 10 12A, inclusive. An On/Off current ratio was

greater than or equal to about 107 when at% ratio of Ta:In:Zn was in the range of about

1 : 5.7 to 9.5 : 4.8 to 6.4 which corresponds to Ta of about 15 - 25 W, inclusive.

[61] Table 1

[Table 1]

[Table ]

[62] FIGS. 4A and 4B show graphs of changes of gate voltage when a drain current is 3

µA of a sample of an oxide thin film transistor according to an example embodiment.

In this example, the oxide thin film transistor includes a channel formed by supplying a



power of 25 W to deposition of a Ta target and thermally treating the channel at about

350 0C . The changes of gate voltage were measured at about 50 0C .

[63] Referring to FIG. 4A, the changes in gate voltage increase (e.g., slightly increase)

over time. Referring to FIG. 4B, the changes of the gate voltage are estimated to be

about 2.5 V after about 50,000 hours. Thus, the variation on initial electrical charac

teristics is relatively (e.g., very) low in semiconductor thin film transistors according to

example embodiments. As a result, oxide TFTs according to example embodiments

exhibit a relatively high On/Off current ratio and a relatively low Off current, with

little or no hysteresis. Accordingly, oxide TFTs according to example embodiments

show improved oxide TFT characteristics, relative to conventional oxide TFTs.

[64] FIGS. 5A and 5B show graphs of drain current I
DS

versus gate voltage VGs of an

example embodiment of an oxide thin film transistor when various source-drain

voltages (0.1V, 5V, and 10V) are applied to the oxide thin film transistor. In this

example, the oxide thin film transistor includes an IZO including Y as a channel

material.

[65] FIGS. 5A and 5B show graphs of a sample including a channel formed by supplying

a power of about 15 W to deposition of the Y target and powers of about 150 W and

about 200 W to the deposition of the IZO target during the sputtering process.

[66] Referring to FIGS. 5A and 5B, as shown the channel material has transfer curve

properties suitable for a transistor. Table 2 shows atomic ratios of Y:In:Zn according to

the power supplied to the deposition of the Y target. To evaluate composition of the

oxide semiconductor materials, ICP-AES analysis (having an error range of about 1%)

was performed using a sequential spectrometer. Referring to Table 2, as the power for

the deposition of the Y target increases, the amount of Y increases. The at% ratio of

Y:In:Zn shown in Table 2 was in the range of about 1 : 21.7 to 50 : 14 to 41, inclusive.

In this example, an On current was about 10 4 A, an Off current was less than or equal

to about I O 11 - 10 12A, and an On/Off current ratio was greater than or equal to about

107 when at% ratio of Y:In:Zn was in the range of about 1 : 46 to 50 : 30 to 41,

inclusive.

[67] Table 2

[Table 2]

[Table ]

[68] FIG. 5C shows a graph of drain current Id versus drain voltage Vd of an example em-



bodiment of an oxide thin film transistor. In this example, the oxide thin film transistor

includes a channel formed by supplying a power of 15 W to deposition of a Y target

when various gate voltages (e.g., 0.1, 5, 10, 15, and 20 V) are applied to the oxide thin

film transistor. An IZO (e.g., In2O3:ZnO = 1:2 mol%) target was co-sputtered by

applying RF 150 W to the IZO target. Referring to FIG. 5C, when a drain voltage is

about 0.1 V, the drain current remains constant or substantially constant despite an

increase in drain voltage. However, when the drain voltage is about 5 V or greater, the

drain current increases as the drain voltage increases.

[69] FIGS. 6A and 6B show graphs of drain current I
DS

versus gate voltage VGs of an

oxide thin film transistor according to an example embodiment. In this example, the

oxide thin film transistor includes a channel formed by supplying a power of 15 W to

deposition of a Y target to measure changes in electrical characteristics of the oxide

thin film transistor when the oxide thin film transistor is exposed to light. An IZO (e.g.,

In2O3:ZnO = 1:2 mol%) target was co-sputtered by applying RF power of 150 W to the

IZO target. FIG. 6A shows a graph of drain current I
DS

versus gate voltage VGs when a

source-drain voltage is about 0.1 V, and FIG. 6B shows a graph of drain current I
DS

versus gate voltage VGs when a source-drain voltage is about 10 V.

[70] In FIGS. 6A and 6B, 'First' indicates drain current I
DS

against gate voltage VGs after

(e.g., immediately after) a sample is formed, 'Open' indicates drain current I
DS

against

gate voltage V
GS

when the sample is exposed to natural light (e.g., door open), and

'Light' indicates drain current I
DS

against gate voltage V
GS

when the thin film transistor

is exposed (e.g., directly exposed) to light from a lamp.

[71] Referring to FIGS. 6A and 6B, there is little variation between the transfer curves in

the three example cases. Accordingly, thin film transistors according example em

bodiments are not largely affected by external environment, for example, light, and

may have improved (e.g., excellent) reliability.

[72] Meanwhile, the composition of the deposited thin film, I
DS

-V
GS

graph, and mobility

properties may vary according to the type of target, voltage applied to the target, de

position equipment, deposition pressure, oxygen partial pressure, temperature of

substrate, or the like. For example, when a single target of InZnO including Ta and/or

Y is used instead of using both an InZnO target and a Ta, or an InZnO target and a Y

target, the composition of the deposited thin film may change. Furthermore, when the

composition of the deposited thin film is the same or substantially the same, properties

of the thin film may change. For example, when the oxide semiconductor is deposited

using sputtering, the resistance range may change according to oxygen partial pressure.

If the oxygen partial pressure is controlled to be less than a certain level, the deposited

thin film may have a relatively low resistance. If the oxygen partial pressure is

controlled to be greater than a certain level, the deposited thin film may have a re-



latively high resistance.

[73] It will be understood by those of ordinary skill in the art that an oxide semiconductor

according to example embodiments may be applied to various electronic devices such

as driving transistors of flat panel displays such as LCDs, OLEDs or the like, and

transistors included in peripheral circuits of memory devices or the like. Oxide thin

film transistors according to example embodiments may be a bottom gate-type or top

gate-type transistors.

[74] According to example embodiments, the ranges of values set forth herein are meant

to be inclusive, whether or not explicitly indicated as such. Consequently, ranges of

values designated as, for example, about 2.1 to 18 may include values equal or sub

stantially equal to 2.1 and values equal or substantially equal to 18 in addition to the

values between 2.1 and 18.

[75] While the present invention has been particularly shown and described with reference

to example embodiments thereof, it will be understood by those of ordinary skill in the

art that various changes in form and details may be made therein without departing

from the spirit and scope of the present invention as defined by the following claims.



Claims
[I] An oxide semiconductor comprising Zn and Ta.

[2] The oxide semiconductor of claim 1, wherein the Zn is a Zn oxide including Ta.

[3] The oxide semiconductor of claim 1, wherein the Zn is a Zn-In composite oxide

including Ta.

[4] The oxide semiconductor of claim 3, wherein an at% ratio of Ta:In:Zn is in the

range of about 1 : 2.1 to 18 : 1.6 to 14, inclusive.

[5] The oxide semiconductor of claim 3, wherein an at% ratio of Ta:In:Zn is in the

range of about 1 : 2.1 to 9.5 : 1.6 to 6.4, inclusive.

[6] The oxide semiconductor of claim 3, wherein an at% ratio of Ta:In:Zn is in the

range of about 1 : 5.7 to 9.5 : 4.8 to 6.4, inclusive.

[7] The oxide semiconductor of claim 1, further comprising:

at least one element selected from the group consisting of Groups I, II, III, IV,

and V elements and elements belonging to the lanthanide series.

[8] An oxide thin film transistor comprising:

a gate;

a channel formed to correspond to the gate, the channel comprising an oxide

semiconductor comprising Zn and Ta;

a gate insulating layer formed between the gate and the channel; and

a source and a drain contacting respective sides of the channel.

[9] The oxide thin film transistor of claim 8, wherein the oxide semiconductor

includes a Zn oxide including Ta.

[10] The oxide thin film transistor of claim 8, wherein the oxide semiconductor

includes a Zn-In composite oxide including Ta.

[II] The oxide thin film transistor of claim 10, wherein the oxide semiconductor has

an at% ratio of Ta:In:Zn in the range of about 1 : 2.1 to 18 : 1.6 to 14, inclusive.

[12] The oxide thin film transistor of claim 10, wherein the oxide semiconductor has

an at% ratio of Ta:In:Zn in the range of about 1 : 2.1 to 9.5 : 1.6 to 6.4, inclusive.

[13] The oxide thin film transistor of claim 10, wherein the oxide semiconductor has

an at% ratio of Ta:In:Zn in the range of about 1 : 5.7 to 9.5 : 4.8 to 6.4, inclusive.

[14] The oxide thin film transistor of claim 8, wherein the oxide semiconductor

further includes,

at least one element selected from the group consisting of Groups I, II, III, IV,

and V elements and elements belonging to the lanthanide series.

[15] An oxide semiconductor comprising Zn and Y.

[16] The oxide semiconductor of claim 15, wherein the Zn is a Zn oxide including Y.

[17] The oxide semiconductor of claim 15, wherein the Zn is a Zn-In composite oxide



including Y.

[18] The oxide semiconductor of claim 17, wherein an at% ratio of Y:In:Zn is in the

range of about 1 : 10 to 100 : 10 to 80, inclusive.

[19] The oxide semiconductor of claim 18, wherein an at% ratio of Y:In:Zn is in the

range of about 1 : 21.7 to 50 : 14 to 41, inclusive.

[20] The oxide semiconductor of claim 19, wherein an at% ratio of Y:In:Zn is in the

range of about 1 : 46 to 50 : 30 to 41, inclusive.

[21] The oxide semiconductor of claim 15, further comprising:

at least one element selected from the group consisting of Groups I, II, III, IV,

and V elements and elements belonging to the lanthanide series.

[22] An oxide thin film transistor comprising:

a gate;

a channel formed to correspond to the gate, the channel comprising an oxide

semiconductor comprising Zn and Y;

a gate insulating layer formed between the gate and the channel; and

a source and a drain contacting respective sides of the channel.

[23] The oxide thin film transistor of claim 22, wherein the oxide semiconductor

includes a Zn oxide including Y.

[24] The oxide thin film transistor of claim 22, wherein the oxide semiconductor

includes a Zn-In composite oxide including Y.

[25] The oxide thin film transistor of claim 24, wherein the oxide semiconductor has

an at% ratio of Y:In:Zn in the range of about 1 : 10 to 100 : 10 to 80, inclusive.

[26] The oxide thin film transistor of claim 24, wherein the oxide semiconductor has

an at% ratio of Y:In:Zn in the range of about 1 : 21.7 to 50 : 14 to 41, inclusive.

[27] The oxide thin film transistor of claim 24, wherein the oxide semiconductor has

an at% ratio of Y:In:Zn in the range of about 1 : 46 to 50 : 30 to 41, inclusive.

[28] The oxide thin film transistor of claim 22, wherein the oxide semiconductor

further includes,

at least one element selected from the group consisting of Groups I, II, III, IV,

and V elements and elements belonging to the lanthanide series.

[29] An oxide semiconductor comprising Zn and at least one of Ta and Y.

[30] An oxide thin film transistor comprising:

a gate;

a channel formed to correspond to the gate, the channel comprising an oxide

semiconductor comprising Zn and at least one of Ta and Y;

a gate insulating layer formed between the gate and the channel; and

a source and a drain contacting respective sides of the channel.
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