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DESCRIPTION

SEMICONDUCTOR ELEMENT AND METHOD FOR MANUFACTURING

THE SAME

TECHNICAL FIELD

[0001]

The present invention relates to semiconductor elements and methods for

manufacturing the semiconductor elements. Specifically, the present invention relates

to semiconductor elements each including an oxide semiconductor and manufacturing

methods thereof.

BACKGROUND ART

[0002]

A thin film transistor (TFT) formed over a flat plate such as a glass substrate,

which is typically used in a liquid crystal display device, is generally formed using a

semiconductor material such as amorphous silicon or polycrystalline silicon. TFTs

using amorphous silicon have low electric field mobility, but can respond to increase in

size of glass substrates. On the other hand, TFTs using polycrystalline silicon have

high electric field mobility, but need a crystallization step such as laser annealing and

are not always adaptable to increase in size of glass substrates.

[0003]

In contrast, a technique in which a TFT is formed using an oxide

semiconductor as a semiconductor material and applied to an electronic device or an

optical device has attracted attention. For example, Patent Documents 1 and 2 each

disclose a technique in which a TFT is formed using zinc oxide or an In-Ga-Zn-O-based

oxide semiconductor as a semiconductor material and used for a switching element or

the like in an image display device.

[0004]

A TFT in which a channel formation region (also referred to as a channel

region) is provided in an oxide semiconductor can have higher electric field mobility

than a TFT using amorphous silicon. An oxide semiconductor layer can be formed at a



temperature of 300 °C or lower by a sputtering method or the like, and a manufacturing

process of the TFT using an oxide semiconductor layer is simpler than that of the TFT

using polycrystalline silicon.

[0005]

TFTs which are formed using such an oxide semiconductor over a glass

substrate, a plastic substrate, or the like are expected to be applied to display devices

such as a liquid crystal display, an electroluminescent display (also referred to as an EL

display), and electronic paper.

[Reference]

[Patent Document]

[0006]

[Patent Document 1] Japanese Published Patent Application No. 2007-123861

[Patent Document 2] Japanese Published Patent Application No. 2007-096055

DISCLOSURE OF INVENTION

[0007]

However, a semiconductor element including an oxide semiconductor has not

had excellent properties. For example, a controlled threshold voltage, high operation

speed, a relatively easy manufacturing process, and sufficient reliability are required for

a thin film transistor including an oxide semiconductor layer. The present invention is

made in view of the foregoing technical background.

[0008]

Therefore, an object of one embodiment of the present invention is to increase

reliability of a semiconductor element including an oxide semiconductor layer.

Specifically, an object is to provide a thin film transistor including an oxide

semiconductor with a controlled threshold voltage. Another object is to provide a thin

film transistor including an oxide semiconductor with high operation speed, a relatively

easy manufacturing process, and sufficient reliability.

[0009]

Another object is to provide a method for manufacturing a thin film transistor

including an oxide semiconductor with a controlled threshold voltage, high operation

speed, a relatively easy manufacturing process, and sufficient reliability.



[0010]

The concentration of carriers in an oxide semiconductor layer has influence on

the threshold voltage of a thin film transistor including the oxide semiconductor. The

carriers in the oxide semiconductor layer are generated due to an impurity contained in

the oxide semiconductor layer. For example, a hydrogen atom, a compound containing

a hydrogen atom such as H20 , or a compound containing a carbon atom which is

contained in the oxide semiconductor layer formed causes an increase in the carrier

concentration in the oxide semiconductor layer.

[0011]

As a result, it is difficult to control the threshold voltage of a thin film transistor

including an oxide semiconductor layer containing a hydrogen atom, a compound

containing a hydrogen atom such as H20 , or a compound containing a carbon atom.

[0012]

In order to achieve the above objects, an impurity having influence on the

concentration of carriers contained in the oxide semiconductor layer, e.g., a hydrogen

atom, a compound containing a hydrogen atom such as H 0 , or a compound containing

a carbon atom, may be eliminated. Specifically, hydrogen concentration in the oxide

semiconductor layer included in a semiconductor element may be 1 x 1018 cm—3 to 2 x

1020 cm- 3 inclusive.

[0013]

In addition, an oxide insulating layer containing a large number of defects such

as dangling bonds may be formed in contact with the oxide semiconductor layer so that

a hydrogen atom or a compound containing a hydrogen atom such as H20 contained in

the oxide semiconductor layer can diffuse into the oxide insulating layer and the

impurity concentration in the oxide semiconductor layer can be reduced.

[0014]

Further, the oxide semiconductor layer or the oxide insulating layer in contact

with the oxide semiconductor layer may be formed in a deposition chamber in which

the impurity concentration is reduced by evacuation with use of a cryopump.

[0015]

That is, one embodiment of the present invention is a method for



manufacturing an oxide semiconductor element including the steps of forming a gate

electrode over a substrate, forming a gate insulating film over the gate electrode,

forming an oxide semiconductor layer over the gate electrode with the gate insulating

film therebetween, forming a source electrode and a drain electrode in a manner that the

source electrode and the drain electrode are in contact with the oxide semiconductor

layer and end portions of the source electrode and the drain electrode overlap with the

gate electrode, and forming an oxide insulating layer covering the oxide semiconductor

layer between the source electrode and the drain electrode. Note that the substrate is

held in a reaction chamber kept in a reduced pressure state, the substrate is heated to a

temperature lower than 600 °C, and in the state where moisture remaining in the

reaction chamber is removed, the gate insulating film is formed over the substrate by

introducing a sputtering gas from which hydrogen and moisture are removed and using

a target provided in the reaction chamber. In the above method for manufacturing the

oxide semiconductor element, the oxide semiconductor layer is formed over the gate

insulating film by using a metal oxide provided in the reaction chamber as a target.

[0016]

In the method for manufacturing the oxide semiconductor element, another

embodiment of the present invention is a method for manufacturing an oxide

semiconductor element in which the purity of a sputtering gas used in deposition of an

oxide semiconductor layer is 99.9999 % or higher.

[0017]

In the method for manufacturing the oxide semiconductor element, another

embodiment of the present invention is a method for manufacturing an oxide

semiconductor element in which remaining moisture is removed by evacuation with use

of a cryopump.

[0018]

In the method for manufacturing the oxide semiconductor element, another

embodiment of the present invention is a method for manufacturing an oxide

semiconductor element in which the metal oxide target is a metal oxide containing zinc

oxide as a main component.

[0019]

In the method for manufacturing the oxide semiconductor element, another



embodiment of the present invention is a method for manufacturing an oxide

semiconductor element in which the metal oxide target is a metal oxide containing

indium, gallium, and zinc.

[0020]

Another embodiment of the present invention is a method for manufacturing an

oxide semiconductor element including the steps of forming a gate electrode over a

substrate, forming a gate insulating film over the gate electrode, forming an oxide

semiconductor layer over the gate electrode with the gate insulating film therebetween,

forming a source electrode and a drain electrode in a manner that the source electrode

and the drain electrode are in contact with the oxide semiconductor layer and end

portions of the source electrode and the drain electrode overlap with the gate electrode,

and forming an oxide insulating layer covering the oxide semiconductor layer between

the source electrode and the drain electrode. Note that the substrate over which the

gate insulating film is formed is held in a heat chamber kept in a reduced pressure state,

the substrate is preheated to a temperature lower than 400 °C in the state where moisture

remaining in the heat chamber is removed, the substrate is held in a reaction chamber

kept in a reduced pressure state, the substrate is heated to a temperature lower than 600

°C, and the oxide semiconductor layer is formed over the gate insulating film by using a

metal oxide provided in the reaction chamber as a target.

[0021]

In the method for manufacturing the oxide semiconductor element, another

embodiment of the present invention is a method for manufacturing an oxide

semiconductor element in which remaining moisture is removed by evacuation with use

of a cryopump.

[0022]

In the method for manufacturing the oxide semiconductor element, another

embodiment of the present invention is a method for manufacturing an oxide

semiconductor element in which the metal oxide target is a metal oxide containing zinc

oxide as a main component.

[0023]

In the method for manufacturing the oxide semiconductor element, another



embodiment of the present invention is a method for manufacturing an oxide

semiconductor element in which the metal oxide target is a metal oxide containing

indium, gallium, and zinc.

[0024]

Another embodiment of the present invention is a thin film transistor including

a gate electrode over a substrate, a gate insulating film over the gate electrode, an oxide

semiconductor layer over the gate electrode with the gate insulating film therebetween,

a source electrode and a drain electrode formed in a manner that the source electrode

and the drain electrode are in contact with the oxide semiconductor layer and end

portions of the source electrode and the drain electrode overlap with the gate electrode,

and an oxide insulating layer covering the oxide semiconductor layer formed between

the source electrode and the drain electrode. Note that in the above thin film transistor,

hydrogen concentration at the interface between the oxide semiconductor layer and the

oxide insulating layer is more than or equal to 5 x 10 19 cm
_ 3 and less than or equal to 1

x 1022 cm 3.

[0025]

Another embodiment of the present invention is a thin film transistor including

a gate electrode over a substrate, a gate insulating film over the gate electrode, an oxide

semiconductor layer over the gate electrode with the gate insulating film therebetween,

a source electrode and a drain electrode which are formed in a manner that the source

electrode and the drain electrode are in contact with the oxide semiconductor layer and

end portions of the source electrode and the drain electrode overlap with the gate

electrode, and an oxide insulating layer covering the oxide semiconductor layer formed

between the source electrode and the drain electrode. Note that in the above thin film

transistor, hydrogen concentration at the interface between the oxide semiconductor

layer and the oxide insulating layer is more than or equal to 5 times and less than or

equal to 100 times as high as hydrogen concentration in a portion of the oxide insulating

layer apart from the interface by 30 nm.

[0026]

Another embodiment of the present invention is a thin film transistor including

a gate electrode over a substrate, a gate insulating film over the gate electrode, an oxide



semiconductor layer over the gate electrode with the gate insulating film therebetween,

a source electrode and a drain electrode formed in a manner that the source electrode

and the drain electrode are in contact with the oxide semiconductor layer and end

portions of the source electrode and the drain electrode overlap with the gate electrode,

and an oxide insulating layer covering the oxide semiconductor layer formed between

the source electrode and the drain electrode. Note that in the above thin film transistor,

hydrogen concentration in the oxide semiconductor layer is more than or equal to 1 x

1018 cm- 3 and less than or equal to 2 x 1020 cm- 3.

[0027]

Note that the expression "B is formed on A" or "B is formed over A" in this

specification does not necessarily mean that B is formed in direct contact with A. The

expression includes the case where A and B are not in direct contact with each other, i.e.,

the case where another object is interposed between A and B. Here, both A and B

correspond to an object (e.g., a device, an element, a circuit, a wiring, an electrode, a

terminal, a film, or a layer).

[0028]

Therefore, for example, when "Layer B is formed on Layer A" or "Layer B is

formed over Layer A" is expressed, the expression includes both the case where Layer B

is formed in direct contact with Layer A, and the case where another layer (e.g., Layer C

or Layer D) is formed in direct contact with Layer A, and Layer B is formed in direct

contact with Layer C or Layer D. Note that another layer (e.g., Layer C or Layer D)

may be a single layer or a plurality of layers.

[0029]

In this specification, the term "successive deposition" means a process which is

carried out as follows: a substrate to be processed is placed in an atmosphere which is

controlled to be vacuum or an inert gas atmosphere (a nitrogen atmosphere or a rare gas

atmosphere) at all times without being exposed to a contaminant atmosphere such as air

during a process from a first deposition step to a second deposition step. By the

successive deposition, a film can be formed while moisture or the like is prevented from

attaching again to the substrate to be processed which is cleaned.

[0030]



Note that in this specification, a light-emitting device refers to an image display

unit, a light-emitting unit, or a light source (including a lighting device). In addition,

the light-emitting device includes the following modules in its category: a module in

which a connector such as an flexible printed circuit (FPC), a tape automated bonding

(TAB) tape, or a tape carrier package(TCP) is attached to a light-emitting device; a

module having a TAB tape or a TCP provided with a printed wiring board at the end

thereof; and a module having an integrated circuit (IC) directly mounted over a

substrate over which a light-emitting element is formed by a chip on glass (COG)

method.

[0031]

With the present invention, a highly reliable semiconductor element including

an oxide semiconductor layer can be provided. Specifically, a thin film transistor

including an oxide semiconductor with a controlled threshold voltage can be provided.

In addition, a thin film transistor including an oxide semiconductor with high operation

speed, a relatively easy manufacturing process, and sufficient reliability can be

provided.

[0032]

In addition, a method for manufacturing a thin film transistor including an

oxide semiconductor with a controlled threshold voltage, high operation speed, a

relatively easy manufacturing process, and sufficient reliability can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0033]

FIG 1 illustrates a semiconductor element according to an embodiment.

FIGS. 2A to 2D illustrate a manufacturing process of a semiconductor element

according to an embodiment.

FIG 3 illustrates a deposition apparatus according to an embodiment.

FIG 4 illustrates a deposition apparatus according to an embodiment.

FIG 5 illustrates a deposition apparatus according to an embodiment.

FIGS. 6A and 6B show results of SIMS analysis according to Example 1.

BEST MODE FOR CARRYING OUT THE INVENTION



[0034]

Embodiments are described in detail with reference to the accompanying

drawings. Note that the invention is not limited to the following description, and it

will be easily understood by those skilled in the art that various changes and

modifications can be made without departing from the spirit and scope of the invention.

Therefore, the invention should not be construed as being limited to the description in

the following embodiments. Note that in the structures of the invention described

below, the same portions or portions having similar functions are denoted by the same

reference numerals in different drawings, and description of such portions is not

repeated.

[0035]

(Embodiment 1)

In this embodiment, a method for manufacturing a semiconductor element is

described. Note that in this embodiment, a structure of a thin film transistor illustrated

in FIG 1 and a manufacturing method thereof are described as an example.

[0036]

FIG. 1 is a cross-sectional view illustrating a thin film transistor 151 of this

embodiment. In the thin film transistor 151, a first wiring layer including a gate

electrode 111a and a gate wiring layer 111b is formed over a substrate 100, and a gate

insulating layer 102 is formed over the gate electrode 111a and the gate wiring layer

111b. The gate insulating layer 102 is a stack of a first gate insulating layer 102a and a

second gate insulating layer 102b. An oxide semiconductor layer 123 is formed over

the gate electrode 111a with the gate insulating layer 102 interposed therebetween. A

source electrode layer and a drain electrode layer (denoted by 115a and 115b) are

formed in a manner that end portions of the source layer and the drain electrode layer

overlap with the gate electrode 111a. An oxide insulating layer 107 is formed to be in

contact with an oxide semiconductor layer 123 which is interposed between the source

electrode layer and the drain electrode layer (denoted by 115a and 115b) over the gate

electrode 111a. A protective insulating layer 108 is formed over the oxide insulating

layer 107.

[0037]

A contact hole 128 is formed in the gate insulating layer 102 to reach the gate



wiring layer 111b. The gate wiring layer 111b and a second wiring layer 115c are

connected to each other through the contact hole 1 8.

[0038]

A method for manufacturing the thin film transistor 151 of this embodiment is

described with reference to FIGS. 2A, 2B, 2C, and 2D. FIGS. 2A to 2D are

cross-sectional views illustrating a method for manufacturing the thin film transistor of

this embodiment.

[0039]

First, a glass substrate whose strain point is higher than or equal to 730 °C is

preferably used as the substrate 100 in the case where temperature in the following heat

treatment is high. As a glass substrate, a glass material such as aluminosilicate glass,

aluminoborosilicate glass, or barium borosilicate glass is used, for example. In general,

a glass substrate containing more barium oxide (BaO) than boron oxide (B20 3) is more

practical as a heat-resistant glass substrate. Therefore, a glass substrate containing a

larger amount of BaO than B 0 is preferably used.

[0040]

Note that a substrate formed of an insulator such as a ceramic substrate, a

quartz substrate, or a sapphire substrate may be used instead of the above glass substrate.

Crystallized glass or the like may also be used.

[0041]

An insulating film serving as a base film may be formed between the substrate

100, and the gate electrode 111a and the gate wiring layer 111b, which are described

below. The base film has a function of preventing diffusion of an impurity element

from the substrate 100, and can be formed to have a single-layer structure or a

stacked-layer structure one or more of a silicon nitride film, a silicon oxide film, a

silicon nitride oxide film, and a silicon oxynitride film.

[0042]

After formation of a conductive film over the substrate 100 having an

insulating surface, the first wiring layer including the gate electrode 111a and the gate

wiring layer 111b is formed through a first photolithography step. End portions of the

gate electrode formed are preferably tapered.

[0043]



Note that a resist mask may be formed by an inkjet method. Formation of the

resist mask by an inkjet method needs no photomask; thus, manufacturing cost can be

reduced.

[0044]

As the conductive film for forming the gate electrode 111a and the gate wiring

layer 111b, an element selected from Al, Cr, Ta, Ti, Mo, or W, an alloy containing any of

these elements as a main component, an alloy containing any of these elements in

combination, or the like can be used. The conductive film can be a single layer or a

stack formed using a metal material such as copper, neodymium, or scandium, or an

alloy material containing any of these materials as a main component, in addition to the

above metal. A light-transmitting conductive film may also be used for forming the

gate electrode. An example of the light-transmitting conductive film is a transparent

conductive oxide film or the like.

[0045]

Subsequently, the gate insulating layer 102 and an oxide semiconductor layer

103 are formed through successive deposition. In this embodiment, the gate insulating

layer 102 and the oxide semiconductor layer 103 are successively formed by sputtering.

Here, used is a multi-chamber sputtering apparatus which includes a preheat chamber

for the substrate to be processed, and which is provided with a target of silicon or

silicon oxide (artificial quarts), and a target for formation of an oxide semiconductor

layer.

[0046]

First, the substrate 100 over which the gate electrode 111a and the gate wiring

layer 111b are formed is preheated in the preheat chamber at a temperature of 200 °C or

higher, so that impurities attached to the substrate 100 is removed. An example of the

impurity is moisture.

[0047]

In this embodiment, the preheating of the substrate is performed in a

reduced-pressure atmosphere and a maximum temperature of the substrate is 200 °C.

[0048]

Next, an insulating film to be the gate insulating layer 102 is formed to cover



the gate electrode 111a and the gate wiring layer 111b.

[0049]

The gate insulating layer 102 includes at least an oxide insulating layer which

is in contact with the oxide semiconductor layer. For example, the gate insulating

layer 102 can be a single layer of a silicon oxide layer. The gate insulating layer 102

can also be a stack of a silicon nitride layer, a silicon oxynitride layer, or a silicon

nitride oxide layer and a silicon oxide layer which is in contact with the oxide

semiconductor layer. Note that these layers may be doped with phosphorus (P) or

boron (B).

[0050]

In this embodiment, the gate insulating layer 102 is formed by using a 100

nm-thick stack of a silicon nitride layer (SiNy (y > 0)) which is formed as the first gate

insulating layer 102a by sputtering and a silicon oxide layer (Si (x > 0)) which is

formed over the first gate insulating layer 102a as the second gate insulating layer 102b

by sputtering.

[0051]

Then, an oxide semiconductor layer is formed over the gate insulating layer

102.

[0052]

First, the oxide semiconductor layer 103 is formed. The oxide semiconductor

layer 103 is formed using an In-Ga-Zn-O-based oxide semiconductor layer, an

In-Sn-Zn-O-based oxide semiconductor layer, an In-Al-Zn-O-based oxide

semiconductor layer, a Sn-Ga-Zn-O-based oxide semiconductor layer, an

Al-Ga-Zn-O-based oxide semiconductor layer, a Sn-Al-Zn-O-based oxide

semiconductor layer, an In-Zn-O-based oxide semiconductor layer, an In-Ga-O-based

oxide semiconductor layer, a Sn-Zn-O-based oxide semiconductor layer, an

Al-Zn-O-based oxide semiconductor layer, an In-O-based oxide semiconductor layer, a

Sn-O-based oxide semiconductor layer, or a Zn-O-based oxide semiconductor layer.

Further, the oxide semiconductor layer can be formed by a sputtering method under a

rare gas (typically argon) atmosphere, an oxygen atmosphere, or an atmosphere

containing a rare gas (typically argon) and oxygen. When a sputtering method is



employed, it is preferable that deposition be performed using a target containing Si0 2 of

2 wt to 10 wt and that SiOx (X > 0) which prevents crystallization be contained in

the oxide semiconductor layer so that crystallization of the oxide semiconductor layer

during heat treatment for dehydration or dehydrogenation in a subsequent step can be

prevented.

[0053]

In this embodiment, deposition is performed using a metal oxide target

including In, Ga, and Zn (composition ratio is ln 0 3 : Ga20 3 : ZnO = 1:1:1 [mol%] or

In : Ga : Zn = 1:1:0.5 [at.%]) under the following condition: the distance between a

substrate and a target is 100 mm, the pressure is 0.6 Pa, the direct-current (DC) power

supply is 0.5 kW, and the atmosphere is oxygen (the flow rate of oxygen is 100 ).

Note that a pulse direct-current (DC) power supply is preferably used because dust can

be reduced and the film thickness can be uniform. As the oxide semiconductor layer

103 in this embodiment, an In-Ga-Zn-O-based film is formed by a sputtering method

using the In-Ga-Zn-O-based metal oxide target.

[0054]

The relative density of the metal oxide target is 90 % to 100 % inclusive,

preferably, 95 % to 99.9 % inclusive. By using the metal oxide target with high

relative density, a dense oxide semiconductor layer is formed.

[0055]

Note that it is preferable that water, hydrogen, and the like be not contained in

an oxygen gas, a nitrogen gas and a rare gas such as helium, neon, or argon which is

introduced when the oxide semiconductor layer is formed. It is preferable that the

purity of the oxygen gas, the nitrogen gas and the rare gas such as helium, neon, or

argon be 6N (99.9999 %) or higher, preferably, 7N (99.99999 ) or higher (that is, the

impurity concentrations is 1 ppm or lower, preferably, 0.1 ppm or lower).

[0056]

The thickness of the oxide semiconductor layer 103 is preferably 5 nm to 30

nm inclusive. Since appropriate thickness depends on an oxide semiconductor

material used, the thickness can be determined as appropriate depending on the material.

[0057]



In this embodiment, the oxide semiconductor layer 103 is successively formed

over the gate insulating layer 102. The multi-chamber sputtering apparatus used here

is provided with the target of silicon or silicon oxide (artificial quarts), and the target for

formation of an oxide semiconductor layer. A deposition chamber provided with the

target for formation of an oxide semiconductor layer is also provided with at least a

cryopump as an evacuation unit. The evacuation unit may be a turbo pump provided

with a cold trap.

[0058]

In the deposition chamber which is evacuated with use of the cryopump, a

hydrogen atom, a compound containing a hydrogen atom such as H20 , a compound

containing a carbon atom, and the like are removed, whereby the impurity concentration

in the oxide semiconductor layer formed in the deposition chamber can be reduced.

[0059]

In particular, a preferable oxide semiconductor layer for the semiconductor

element of one embodiment of the present invention is an oxide semiconductor layer in

which the hydrogen concentration is reduced to 1 x 10 18 cm- 3 to 2 x 1020 cm- 3 inclusive,

more preferably, 2 x 1018 cm- 3 to 5 x 1019 cm- 3 inclusive, according to quantified results

of secondary ion mass spectrometry (SIMS).

[0060]

The oxide semiconductor layer 103 is formed in the state where the substrate is

heated. In this embodiment, the substrate is heated to 100 °C to 600 °C inclusive,

preferably, 200 °C to 400 °C inclusive. By heating the substrate during deposition, the

impurity concentration in the oxide semiconductor layer formed can be reduced. In

addition, damage by sputtering can be reduced.

[0061]

Examples of a sputtering method include an RF sputtering method in which a

high-frequency power source is used as a sputtering power source, a DC sputtering

method, and a pulsed DC sputtering method in which a bias is applied in a pulsed

manner. An RF sputtering method is mainly used in the case of forming an insulating

film, and a DC sputtering method is mainly used in the case of forming a metal

conductive film.



[0062]

In addition, there is also a multi-source sputtering apparatus in which a

plurality of targets of different materials can be set. With the multi-source sputtering

apparatus, films of different materials can be formed to be stacked in the same chamber,

or a film of plural kinds of materials can be formed by electric discharge at the same

time in the same chamber.

[0063]

In addition, there are a sputtering apparatus provided with a magnet system

inside the chamber and used for a magnetron sputtering, and a sputtering apparatus used

for an ECR sputtering in which plasma generated with the use of microwaves is used

without using glow discharge.

[0064]

Furthermore, as a deposition method by sputtering, there are also a reactive

sputtering method in which a target substance and a sputtering gas component are

chemically reacted with each other during deposition to form a thin compound film

thereof, and a bias sputtering in which a voltage is also applied to a substrate during

deposition.

[0065]

Note that before the oxide semiconductor layer 103 is formed by a sputtering

method, dust attached to a surface of the gate insulating layer 102 is preferably removed

by reverse sputtering in which an argon gas is introduced and plasma is generated.

The reverse sputtering refers to a method in which an RF power supply is used for

application of a voltage to a substrate side in an argon atmosphere and plasma is

generated to modify a surface. Note that instead of an argon atmosphere, a nitrogen

atmosphere, a helium atmosphere, an oxygen atmosphere, or the like may be used.

FIG 2A is a cross-sectional view at this stage.

[0066]

Next, the oxide semiconductor layer 103 is processed into an island shape

through a second photolithography step, whereby the oxide semiconductor layer 113 is

formed.

[0067]

Note that a resist mask for formation of the island-shaped oxide semiconductor



layer 113 may be formed by an inkjet method. Formation of the resist mask by an

inkjet method needs no photomask; thus, manufacturing cost can be reduced.

[0068]

Then, the contact hole 128 is formed in the gate insulating layer 102 through a

third photolithography step. Note that reverse sputtering is preferably performed

before formation of a conductive film in a subsequent step, so that a resist residue

attached to surfaces of the oxide semiconductor layer 113 and the gate insulating layer

102 is removed. FIG 2B is a cross-sectional view at this stage.

[0069]

Although the gate insulating layer is selectively etched for formation of the

contact hole 128 which reaches the gate wiring layer 111b through the third

photolithography step in this embodiment, there is no limitation to this method. The

following method may be employed: after formation of the oxide semiconductor layer

103, a resist mask is formed over the oxide semiconductor layer 103 and a contact hole

which reaches the gate electrode 111a is formed; and after formation of the contact hole,

the resist mask is removed and a resist mask is formed over the oxide semiconductor

layer 103 with use of another photomask, so that the oxide semiconductor layer 103 is

selectively etched to be processed into the island-shaped oxide semiconductor layer 113.

[0070]

Next, a conductive film to be the source electrode layer and the drain electrode

layer of the thin film transistor and the like is formed over the gate insulating layer 102,

the oxide semiconductor layer 113, and the gate wiring layer 111b through the contact

hole 128.

[0071]

As the conductive film, an element selected from Ti, Mo, W, Al, Cr, Cu, or Ta,

an alloy containing any of these elements as a main component, an alloy containing any

of these elements in combination, or the like can be used. The conductive film is not

limited to a single layer containing the above-described element and may be a stack of

two or more layers. In this embodiment, a three-layer conductive film in which a

titanium film (with a thickness of 100 nm), an aluminum film (with a thickness of 200

nm), and a titanium film (with a thickness of 100 nm) are stacked is formed. Instead

of a Ti film, a titanium nitride film may be used.



[0072]

When heat treatment at 200 °C to 600 °C is performed, the conductive film

preferably has heat resistance high enough to withstand the heat treatment. For

example, an aluminum alloy to which an element to prevent a hillock is added or a

conductive film which is stacked with a heat-resistant conductive film is preferably used.

The conductive film is formed with a sputtering method, a vacuum evaporation method

(e.g., an electron beam evaporation method), an arc discharge ion plating method, or a

spray method. The conductive film can also be formed by discharging a conductive

nanopaste of silver, gold, copper, or the like by a screen printing method, an inkjet

method, or the like and baking the nanopaste.

[0073]

Next, through a fourth photolithography step, a resist mask is formed and the

conductive film is selectively etched, so that the second wiring layer (denoted by 115a,

115b and 115c) including the source electrode layer and the drain electrode layer is

formed (see FIG 2C). As shown in FIG 2C, the second wiring layer 115c is directly

connected to the gate wiring layer 111b through the contact hole 128.

[0074]

In the fourth photolithography step, only portions of the conductive film which

are in contact with the oxide semiconductor layer are selectively removed. In the case

of using an ammonia peroxide mixture (at a composition weight ratio of hydrogen

peroxide : ammonia : water = 5:2:2) or the like as an alkaline etchant in order to

selectively remove only portions of the conductive film which are in contact with the

oxide semiconductor layer, the metal conductive film can be selectively removed, so

that the oxide semiconductor layer containing an In-Ga-Zn-O-based oxide

semiconductor can remain.

[0075]

Depending on etching conditions, an exposed region of the oxide

semiconductor layer 113 might be etched in some cases through the fourth

photolithography step. In that case, the thickness of the oxide semiconductor layer 113

in a region interposed between the source electrode layer and the drain electrode layer (a

region interposed between reference numerals 115a and 115b) is smaller than the



thickness of the oxide semiconductor layer 113 in a region overlapping with the source

electrode layer over the gate electrode 111a or the thickness of the oxide semiconductor

layer 113 in a region overlapping with the drain electrode layer over the gate electrode

111a (see FIG 2C).

[0076]

Note that a resist mask for forming the second wiring layer (denoted by 115a,

115b, and 115c) including the source electrode layer and the drain electrode layer may

be formed by an inkjet method. Formation of the resist mask by an inkjet method

needs no photomask; thus, manufacturing cost can be reduced.

[0077]

Next, the oxide insulating layer 107 is formed over the gate insulating layer

102, the oxide semiconductor layer 113, and the second wiring layer. At this stage, a

region where the oxide semiconductor layer 113 and the oxide insulating layer 107 are

in contact with each other is formed. The region of the oxide semiconductor layer 113

sandwiched between and in contact with the oxide insulating layer 107 and the gate

insulating layer 102, which is an oxide insulating layer, and over the gate electrode 111a

is a channel formation region.

[0078]

The oxide insulating layer in contact with the oxide semiconductor layer is

formed using an inorganic insulating film which does not contain an impurity such as

moisture, a hydrogen ion, or OH~ and prevents their entry from the outside. Typically,

a silicon oxide film, a silicon nitride oxide film, an aluminum oxide film, an aluminum

oxynitride film, or the like is used. The oxide insulating layer 107 can be formed to a

thickness of 1 n or more by an appropriate method with which impurities such as

water and hydrogen are not mixed into the oxide insulating layer, for example, by a

sputtering method.

[0079]

In this embodiment, a silicon oxide film is formed as the oxide insulating layer

by a sputtering method. The substrate temperature in deposition may be lower than or

equal to 300 °C, and is 100 °C in this embodiment. The formation of the silicon oxide

film by a sputtering method can be performed in a rare gas (typically, argon) atmosphere,



an oxygen atmosphere, or an atmosphere including a rare gas (typically, argon) and

oxygen. Since the oxide insulating layer formed by sputtering is especially dense, it

can also serve as a protective film which suppresses diffusion of an impurity into a

contacting layer, even when it is a single layer. Note that the oxide insulating layer can

contain phosphorus (P) or boron (B) by using a target doped with phosphorus (P) or

boron (B).

[0080]

As a target, a silicon oxide target or a silicon target may be used, and the

silicon target is particularly preferable. A silicon oxide film formed by sputtering

under an oxygen and rare gas atmosphere by using the silicon target contains a large

number of dangling bonds of silicon atoms or oxygen atoms.

[0081]

Since the oxide insulating layer 107 contains many dangling bonds, an

impurity contained in the oxide semiconductor layer 113 are more likely to diffuse into

the oxide insulating layer 107 through the interface between the oxide semiconductor

layer 113 and the oxide insulating layer 107. Specifically, a hydrogen atom, a

compound containing a hydrogen atom such as H20 , or the like in the oxide

semiconductor layer 113 is more likely to diffuse into the oxide insulating layer 107.

[0082]

When hydrogen moves to the interface between the oxide semiconductor layer

113 and the oxide insulating layer 107 and the hydrogen concentration at the interface is

1 x 1019 cm 3 to 5 x 1022 cm 3 inclusive, preferably, 5 x 10 19 cm 3 to 1 x 1022 cm 3

inclusive, the hydrogen concentration in the oxide semiconductor layer is reduced. A

semiconductor element including the oxide semiconductor layer with the reduced

hydrogen concentration has excellent reliability.

[0083]

When the hydrogen concentration at the interface between the oxide

semiconductor layer 113 and the oxide insulating layer 107 is 5 times to 100 times

(preferably 5 times to 10 times) as high as hydrogen concentration in a portion of the

oxide insulating layer apart from the interface by 30 nm, hydrogen is more likely to

move from the oxide semiconductor layer 113 to the oxide insulating layer 107 through

the interface.



[0084]

In this embodiment, the deposition is performed by a pulsed DC sputtering

method using a columnar polycrystalline, boron-doped silicon target which has a purity

of 6N (the resistance is 0.01 Ω η), in which the distance between substrate and target

(T-S distance) is 89 mm, the pressure is 0.4 Pa, the direct-current (DC) power source is

6 kW, and the atmosphere is oxygen (the oxygen flow rate is 100 %). The thickness is

300 nm.

[0085]

The oxide insulating layer 107 is provided over and in contact with the channel

formation region in the oxide semiconductor layer 113, and functions as a channel

protective layer.

[0086]

Then, the protective insulating layer 108 is formed over the oxide insulating

layer 107 (see FIG 2D). As the protective insulating layer 108, a silicon nitride film, a

silicon nitride oxide film, an aluminum nitride film, or the like is used. In this

embodiment, a silicon nitride film is formed as the protective insulating layer 108 by RF

sputtering.

[0087]

Through the above steps, the thin film transistor 151 can be manufactured.

[0088]

Although the gate insulating layer 102 and the oxide semiconductor layer 103

are successively formed in this embodiment, the gate insulating layer 102 may be

exposed to air, and then the oxide semiconductor layer 103 may be formed. In that

case, the gate insulating layer 102 is preferably subjected to heat treatment (at a

temperature higher than or equal to 400 °C and lower than the strain point of the

substrate) in an inert gas atmosphere (in nitrogen, helium, neon, argon, or the like).

Through this heat treatment, an impurity such as hydrogen or water contained in the

gate insulating layer 102 can be removed before formation of the oxide semiconductor

layer 103.

[0089]

The silicon oxide layer, silicon nitride layer, silicon oxynitride layer, or silicon



nitride oxide layer may be formed by a plasma CVD method instead of a sputtering

method. For example, a silicon oxynitride layer may be formed by a plasma CVD

method using S1H4 , oxygen, and nitrogen as a deposition gas. The thickness of the

gate insulating layer 102 is 100 nm to 500 nm inclusive. In the case of using a stack,

for example, the stack is the first gate insulating layer 102a with a thickness of 50 nm to

200 nm inclusive and the second gate insulating layer 102b with a thickness of 5 nm to

300 nm inclusive over the first gate insulating layer 102a. When the film formed by a

plasma CVD method or the like contains an impurity such as hydrogen or water, the

above-described heat treatment is preferably performed so that the impurity is removed,

and then the oxide semiconductor layer is formed.

[0090]

Although the gate insulating layer 102 is selectively etched through the third

photolithography step and the contact hole 128 which reaches the gate wiring layer 111b

is formed in this embodiment, there is no limitation to this method. For example, after

formation of the gate insulating layer 102, a resist mask may be formed over the gate

insulating layer and the contact hole which reaches the gate wiring layer 111b may be

formed.

[0091]

After formation of the oxide semiconductor layer, the oxide semiconductor

layer may be subjected to dehydration or dehydrogenation.

[0092]

The temperature of first heat treatment in which dehydration or

dehydrogenation is performed is higher than or equal to 400 °C and lower than 750 °C,

preferably, 425 °C or higher. Note that in the case of the temperature that is 425 °C or

higher, the heat treatment time may be one hour or shorter, whereas in the case of the

temperature lower than 425 °C, the heat treatment time is longer than one hour. In the

first heat treatment, the substrate is introduced into an electric furnace, which is one of

heat treatment apparatuses, and heat treatment is performed on the oxide semiconductor

layer in a nitrogen atmosphere. After that, the oxide semiconductor layer is not

exposed to air, and reincorporation of water and hydrogen into the oxide semiconductor

layer is prevented, so that the oxide semiconductor layer with reduced hydrogen



concentration is obtained. Slow cooling is performed from a heating temperature T at

which the dehydration or dehydrogenation is performed on the oxide semiconductor

layer to such a temperature that water is not contained again, specifically, to a

temperature that is lower than the heating temperature T by 100 °C or more, under a

nitrogen atmosphere in one furnace. Without limitation to a nitrogen atmosphere,

dehydration or dehydrogenation is performed in helium, neon, argon or the like.

[0093]

The heat treatment apparatus is not limited to the electric furnace, and may be,

for example, an RTA (rapid thermal annealing) apparatus such as a GRTA (gas rapid

thermal annealing) apparatus or an LRTA (lamp rapid thermal annealing) apparatus.

An LRTAapparatus is an apparatus for heating an object to be processed by radiation of

light (an electromagnetic wave) emitted from a lamp such as a halogen lamp, a metal

halide lamp, a xenon arc lamp, a carbon arc lamp, a high pressure sodium lamp, or a

high pressure mercury lamp. A GRTA apparatus is an apparatus for heating an object

to be processed by thermal radiation using light emitted from the above-described lamp

and by conduction of heat from a gas heated by light emitted from the lamp. As the

gas, an inert gas which does not react with a process object by heat treatment, such as

nitrogen or a rare gas such as argon is used. Further, an LRTA apparatus or a GRTA

apparatus may have not only a lamp but also a device for heating an object to be

processed by conduction of heat or radiation of heat from a heater such as a resistance

heater.

[0094]

In the first heat treatment, it is preferable that water, hydrogen, and the like be

not contained in nitrogen or a rare gas such as helium, neon, or argon. It is preferable

that the purity of nitrogen or the rare gas such as helium, neon, or argon which is

introduced into a heat treatment apparatus be 6N (99.9999 %) or higher, preferably, 7N

(99.99999 ) or higher (that is, the impurity concentration is 1 ppm or lower, preferably,

0.1 ppm or lower).

[0095]

Depending on conditions of the first heat treatment or a material of the oxide

semiconductor layer, the oxide semiconductor layer is crystallized to be a



microcrystalline film or a polycrystalline film in some cases. For example, the oxide

semiconductor layer may become a microcrystalline oxide semiconductor layer having a

degree of crystallization of 90 % or more, or 80 % or more in some cases. Further,

depending on the conditions of the first heat treatment and the material of the oxide

semiconductor layer, the oxide semiconductor layer becomes amorphous oxide

semiconductor layer containing no crystalline component in other cases.

[0096]

After the first heat treatment, the oxide semiconductor layer becomes an

oxygen-deficiency oxide semiconductor, in other words, the resistivity becomes lower.

The carrier concentration in the oxide semiconductor layer after the first heat treatment

is higher than that in the oxide semiconductor layer right after the deposition; it is

preferable that the oxide semiconductor layer have a carrier concentration of 1 x 10 18

cm- 3 or more.

[0097]

Depending on conditions of the first heat treatment or a material of the gate

electrode 111a and the gate wiring layer 111b, the oxide semiconductor layer is

crystallized to be a microcrystalline film or a polycrystalline film in some cases. For

example, in the case where films of an alloy of indium oxide and tin oxide are used as

the gate electrode 111a and the gate wiring layer 111b, the oxide semiconductor layer is

crystallized by the first heat treatment at 450 °C for one hour. In contrast, in the case

where films of an alloy of indium oxide and tin oxide containing silicon oxide are used

as the gate electrode 111a and the gate wiring layer 111b, the oxide semiconductor layer

is not crystallized.

[0098]

The first heat treatment of the oxide semiconductor layer can be performed on

the oxide semiconductor layer 103 before being processed into an island-shaped oxide

semiconductor layer 113. In that case, the substrate is taken out of the heat apparatus

after the first heat treatment, and then a photolithography step is performed.

[0099]

After formation of the oxide insulating layer 107, second heat treatment

(preferably at a temperature of 200 °C to 400 °C inclusive, for example, 250 °C to 350



°C inclusive) may be performed in an inert gas atmosphere or a nitrogen atmosphere.

[0100]

For example, the second heat treatment is performed in a nitrogen atmosphere

at 250 °C for one hour. In the second heat treatment, heating is performed in the state

where part of the oxide semiconductor layer 113 is in contact with the oxide insulating

layer 107 and other part of the oxide semiconductor layer 113 is in contact with the

second wiring layer (denoted by 115a and 115b).

[0101]

When the second heat treatment is performed in the state where the oxide

semiconductor layer 113 where the resistivity is lowered through the first heat treatment

is in contact with the oxide insulating layer 107, a vicinity of the region of the oxide

semiconductor layer 113 in contact with the oxide insulating layer 107 becomes an

oxygen-excess oxide semiconductor. Thus, resistivity becomes higher (the vicinity of

the region of the oxide semiconductor layer becomes an I-type oxide semiconductor) in

a direction from the region of the oxide semiconductor layer 113 in contact with the

oxide insulating layer 107 toward the bottom of the oxide semiconductor layer 113.

[0102]

Specifically, the oxide semiconductor layer 123 having the region where the

resistivity is increased (the I-type oxide semiconductor) from the interface between the

oxide semiconductor layer 113 and the oxide insulating layer 107 toward the gate

insulating layer 102 is formed.

[0103]

Since the oxide semiconductor layer where the resistivity is increased (the

I-type oxide semiconductor) is formed in the channel formation region of the thin film

transistor 151, the threshold voltage is a positive value and the thin film transistor 151

behaves as an enhancement-type thin film transistor.

[0104]

By performing the second heat treatment in the state where a vicinity of a

region of the oxide semiconductor layer 113 is in contact with the second wiring layer

(denoted by 115a and 115b) formed using a metal conductive film, oxygen is more

likely to move to the metal conductive film and a resistivity of the region of the oxide



semiconductor layer further becomes lower (an N-type oxide semiconductor).

[0105]

There is no particular limitation on the timing of the second heat treatment as

long as it is after formation of the oxide insulating layer 107.

[0106]

By using the oxide semiconductor layer in which the impurity concentration is

suppressed by the method described in this embodiment, a highly reliable

semiconductor element can be provided. Specifically, a thin film transistor including

the oxide semiconductor with a controlled threshold voltage can be provided. In

addition, a thin film transistor including an oxide semiconductor with high operation

speed, relatively easy manufacturing process, and sufficient reliability can be provided.

[0107]

In addition, with this embodiment, a method for manufacturing a thin film

transistor including an oxide semiconductor with a controlled threshold voltage, high

operation speed, a relatively easy manufacturing process, and sufficient reliability can

be provided.

[0108]

Further, it is possible to reduce a degree of shift of the threshold voltage when

BT stress testing (bias-temperature stress testing) is performed, and a highly reliable

thin film transistor can be provided. Note that the BT stress testing (bias-temperature

stress testing) in this specification refers to testing in which a high gate voltage is

applied to a thin film transistor in a high temperature atmosphere.

[0109]

This embodiment can be combined with any of the other embodiments in this

specification as appropriate.

[0110]

(Embodiment 2)

In this embodiment, an apparatus for successive deposition used for

manufacturing a semiconductor element of one embodiment of the present invention

and a method for deposition with use of the apparatus are described. Note that in this

embodiment, a process of successive deposition is described, and the other process may

be performed in accordance with Embodiment 1 to manufacture of a thin film transistor.



[0111]

An apparatus for successive deposition 1000 used in this embodiment is

illustrated in FIG. 3. The apparatus for successive deposition 1000 includes a load

chamber 1110 and an unload chamber 1120. The load chamber 1110 and the unload

chamber 1120 are respectively provided with a cassette 1111 which stores a substrate

before treatment and a cassette 1121 which stores a substrate after treatment. A first

transfer chamber 1100 is provided between the load chamber 1110 and the unload

chamber 1120, and is provided with a transfer unit 1101 which transfers a substrate.

[0112]

In addition, the apparatus for successive deposition 1000 includes a second

transfer chamber 1200. The second transfer chamber 1200 is provided with the

transfer unit 1201. Four treatment chambers (a first treatment chamber 1210, a second

treatment chamber 1220, a third treatment chamber 1230, and a fourth treatment

chamber 1240) are connected to the second transfer chamber 1200 through gate valves,

and are arranged around the second transfer chamber 1200. Note that one side of the

first treatment chamber 1210 is connected to the first transfer chamber 1100 through a

gate valve, and the other side of the first treatment chamber 1210 is connected to the

second transfer chamber 1200 through a gate valve.

[0113]

Note that the pressure in the first transfer chamber 1100, the load chamber 1110,

and the unload chamber 1120 is atmospheric pressure. The second transfer chamber

1200, the first treatment chamber 1210, the second treatment chamber 1220, the third

treatment chamber 1230, and the fourth treatment chamber 1240 are respectively

provided with an evacuation unit 1205, an evacuation unit 1215, an evacuation unit

1225, an evacuation unit 1235, and an evacuation unit 1245, so that a reduced-pressure

state can be realized. Although the evacuation unit may be selected in accordance with

the use application of each treatment chamber, an evacuation unit such as a cryopump is

particularly preferable. Alternatively, a turbo pump provided with a cold trap may be

used.

[0114]

In the case where the oxide semiconductor layer is formed, an evacuation unit

such as a cryopump is preferably used in order to prevent impurities from being



contained in steps of formation of films in contact with the oxide semiconductor layer

and steps before and after formation of the oxide semiconductor layer, and needless to

say, in the treatment chamber for forming the oxide semiconductor layer.

[0115]

A substrate-heating unit 1211 is provided in the first treatment chamber 1210.

As the substrate-heating unit, a hot plate, an RTA, or the like can be used. The first

treatment chamber 1210 serves as a delivery chamber for transferring a substrate from

the first transfer chamber 1100 in an atmospheric-pressure state into the second transfer

chamber 1200 in a reduced-pressure state. By provision of the delivery chamber, the

second transfer chamber 1200 can be prevented from being contaminated by air.

[0116]

The second treatment chamber 1220, the third treatment chamber 1230, and the

fourth treatment chamber 1240 are each provided with a sputtering apparatus and a

substrate-heating unit. As the substrate-heating unit, a hot plate, an RTA, or the like

can be used.

[0117]

An example of operation of the apparatus for successive deposition 1000 is

described. Here, a method for successively forming a gate insulating film and an

oxide semiconductor layer over a substrate over which a gate electrode is formed is

described. Note that the method for successive deposition can be applied to a

manufacturing process of the thin film transistor described in Embodiment 1, as an

example.

[0118]

First, the transfer unit 1101 transfers the substrate 100 over which the gate

electrode is formed into the first treatment chamber 1210 in an atmospheric-pressure

state from the cassette 1111. Next, the gate valve is closed, and the first treatment

chamber 1210 is evacuated. The substrate 100 is preheated in the first treatment

chamber 1210, so that impurities attached to the substrate are eliminated and evacuated.

Examples of the impurities are a hydrogen atom, a compound containing a hydrogen

atom such as H20 , a compound containing a carbon atom, and the like. Note that the

temperature at the preheating is lower than or equal to 600 °C, preferably, higher than or



equal to 100 °C and lower than or equal to 400 °C.

[0119]

Next, the substrate 100 is transferred into the second treatment chamber 1220,

and a silicon nitride film is formed. Then, the substrate 100 is transferred into the third

treatment chamber 1230 thorough the second transfer chamber 1200, and a silicon oxide

film is formed to be stacked over the silicon nitride film. The second treatment

chamber 1220 and the third treatment chamber 1230 are evacuated with use of a

cryopump or the like, so that the impurity concentration in the treatment chambers is

reduced. The silicon nitride film and the silicon oxide film stacked in the treatment

chambers in which the impurity concentration is reduced serve as the gate insulating

film with reduced impurity concentration.

[0120]

The substrate 100 over which the silicon nitride film and the silicon oxide film

are successively formed on the gate electrode is transferred into the fourth treatment

chamber 1240. The fourth treatment chamber 1240 is provided with a target for

formation of an oxide semiconductor layer, and a cryopump as an evacuation unit.

[0121]

Next, an oxide semiconductor layer is formed on the silicon oxide film over the

substrate 100. In an oxide semiconductor layer formed in a treatment chamber where

impurities are reduced, the impurity concentration is suppressed. Specifically,

hydrogen concentration in the oxide semiconductor layer can be reduced. In addition,

the oxide semiconductor layer is formed in the state where the substrate is heated. In

this embodiment, the substrate temperature is 100 °C to 600 °C inclusive, preferably,

200 °C to 400 °C inclusive. By forming the oxide semiconductor layer in the state

where the substrate is heated, the impurity concentration in the oxide semiconductor

layer formed can be reduced.

[0122]

The relative density of a metal oxide target is 90 % to 100 % inclusive,

preferably, 95 % to 99.9 % inclusive. By using the metal oxide target with high

relative density, a dense oxide semiconductor layer is formed.

[0123]



Note that it is preferable that water, hydrogen, and the like be not contained in

an oxygen gas, a nitrogen gas and a rare gas such as helium, neon, or argon which is

introduced when the oxide semiconductor layer is formed. It is preferable that the

purity of the oxygen gas, the nitrogen gas and the rare gas such as helium, neon, or

argon be 6N (99.9999 %) or higher, preferably, 7N (99.99999 ) or higher (that is, the

impurity concentrations is 1 ppm or lower, preferably, 0.1 ppm or lower).

[0124]

In the above manner, by successive deposition in treatment chambers each of

which is evacuated with use of a cryopump and where impurities are reduced, the

impurity concentration in the layers included in a semiconductor element can be

suppressed.

[0125]

With use of an apparatus for successive deposition to which an evacuation unit

such as a cryopump is applied, impurities in a treatment chamber can be reduced.

Impurities attached to the inner wall of the treatment chamber are eliminated, and

incorporation of impurities into a substrate during deposition and a film can be reduced.

[0126]

The incorporation of impurities is suppressed in the oxide semiconductor layer

formed with use of the apparatus for successive deposition described in this

embodiment. Therefore, by using the oxide semiconductor layer, a semiconductor

element with high reliability can be provided. Specifically, a thin film transistor

including an oxide semiconductor with a controlled threshold voltage can be provided.

In addition, a thin film transistor including an oxide semiconductor with high operation

speed, a relatively easy manufacturing process, and sufficient reliability can be

provided.

[0127]

In addition, with use of the apparatus for successive deposition described in

this embodiment, a method for manufacturing a thin film transistor including an oxide

semiconductor layer with a controlled threshold voltage, high operation speed, a

relatively easy manufacturing process, and sufficient reliability can be provided.

[0128]

Further, it is possible to reduce a degree of shift of the threshold voltage when



BT stress testing (bias-temperature stress testing) is performed, and a highly reliable

thin film transistor can be provided.

[0129]

A structure in which three or more treatment chambers are connected through a

transfer chamber is employed in this embodiment; however, there is no limitation to this

structure. For example, a so-called in-line structure may be employed in which the

entrance and the exit for the substrate are provided and the treatment chambers are

connected to each other.

[0130]

This embodiment can be combined with any of the other embodiments in this

specification as appropriate.

[0131]

(Embodiment 3)

In this embodiment, an apparatus for forming an oxide semiconductor layer

and a method for forming the oxide semiconductor layer with use of the apparatus are

described. Note that in this embodiment, a process of forming the oxide

semiconductor layer is described, and the other process may be performed in

accordance with Embodiment 1 to manufacture of a thin film transistor.

[0132]

A deposition apparatus 2000 used in this embodiment is illustrated in FIG 4.

The deposition apparatus 2000 includes a load chamber 2110 and an unload chamber

2120. The load chamber 2110 and the unload chamber 2120 are respectively provided

with a cassette 2111 which stores a substrate before treatment and a cassette 2121 which

stores a substrate after treatment. A first transfer chamber 2100 is provided between

the load chamber 2110 and the unload chamber 2120, and is provided with a transfer

unit 2101 which transfers a substrate.

[0133]

In addition, the deposition apparatus 2000 includes a second transfer chamber

2200. The second transfer chamber 2200 is provided with the transfer unit 2201.

Four treatment chambers (a first treatment chamber 2210, a second treatment chamber

2220, a third treatment chamber 2230, and a fourth treatment chamber 2240) are

connected to the second transfer chamber 2200 through gate valves, and are arranged



around the second transfer chamber 2200. Note that one side of the first treatment

chamber 2210 is connected to the first transfer chamber 2100 through a gate valve, and

the other side of the first treatment chamber 2210 is connected to the second transfer

chamber 2200 through a gate valve.

[0134]

Note that the pressure in the first transfer chamber 2100, the load chamber

2110, and the unload chamber 2120 is atmospheric pressure. The second transfer

chamber 2200, the first treatment chamber 2210, the second treatment chamber 2220,

the third treatment chamber 2230, and the fourth treatment chamber 2240 are

respectively provided with an evacuation unit 2205, an evacuation unit 2215, an

evacuation unit 2225, an evacuation unit 2235, and an evacuation unit 2245, so that a

reduced-pressure state can be realized. Although the evacuation unit may be selected

in accordance with the use application of each treatment chamber, an evacuation unit

such as a cryopump is particularly preferable. Alternatively, a turbo pump provided

with a cold trap may be used.

[0135]

An evacuation unit such as a cryopump is preferably used in order to prevent

impurities from being contained in steps before and after formation of the oxide

semiconductor layer, and needless to say, in the treatment chamber for forming the

oxide semiconductor layer.

[0136]

The first treatment chamber 2210 serves as a delivery chamber for transferring

a substrate from the first transfer chamber 2100 in an atmospheric-pressure state into the

second transfer chamber 2200 in a reduced-pressure state. By provision of the delivery

chamber, the second transfer chamber 2200 can be prevented from being contaminated

by air.

[0137]

The second treatment chamber 2220 is provided with a substrate-heating unit

2221. As the substrate-heating unit, a hot plate, an RTA, or the like can be used. The

third treatment chamber 2230 is provided with a sputtering apparatus and a

substrate-heating unit. As the substrate-heating unit, a hot plate, an RTA, or the like

can be used. In addition, the fourth treatment chamber 2240 is provided with a cooling



unit 2241.

[0138]

A method for forming an oxide semiconductor layer with use of the deposition

apparatus 2000 for formation of an oxide semiconductor layer is described. Here, a

method for forming the oxide semiconductor layer over a substrate over which a gate

electrode and a gate insulating film on the gate electrode are formed in advance is

described. Note that the deposition method can be applied to a manufacturing process

of the thin film transistor described in Embodiment 1, as an example.

[0139]

First, the transfer unit 2101 transfers the substrate 100 over which the gate

insulating film is formed over the gate electrode into the first treatment chamber 2210 in

an atmospheric-pressure state from the cassette 2111. Next, the gate valve is closed,

and the first treatment chamber 2210 is evacuated. When the pressure in the first

treatment chamber 2210 and the pressure in the second transfer chamber 2200 are

substantially equal, the gate valve is opened and the substrate 100 is transferred from

the first treatment chamber 2210 into the second treatment chamber 2220 through the

second transfer chamber 2200.

[0140]

Next, the substrate 100 is preheated by the substrate-heating unit 2221 in the

second treatment chamber 2220, so that impurities attached to the substrate are

eliminated and evacuated. Examples of the impurities are a hydrogen atom, a

compound containing a hydrogen atom such as H20 , a compound containing a carbon

atom, and the like. Note that the temperature at the preheating is lower than or equal

to 600 °C, preferably, higher than or equal to 100 °C and lower than or equal to 400 °C.

As an evacuation unit provided for the second treatment chamber 2220, a cryopump is

preferably used. Since impurities attached to the substrate 100 are eliminated by the

preheating and diffuse into the second treatment chamber 2220, the impurities should be

evacuated from the second treatment chamber 2220 with use of a cryopump.

[0141]

Next, the substrate 100 is transferred into the third treatment chamber 2230,

and an oxide semiconductor layer is formed. The third treatment chamber 2230 is

evacuated with use of a cryopump or the like, so that the impurity concentration in the



treatment chambers is reduced. In an oxide semiconductor layer formed in a treatment

chamber where impurities are reduced, the impurity concentration is suppressed.

Specifically, hydrogen concentration in the oxide semiconductor layer can be reduced.

In addition, the oxide semiconductor layer is formed in the state where the substrate is

heated. In this embodiment, the substrate temperature is 100 °C to 600 °C inclusive,

preferably, 200 °C to 400 °C inclusive. By forming the oxide semiconductor layer in

the state where the substrate is heated, the impurity concentration in the oxide

semiconductor layer formed can be reduced.

[0142]

The relative density of a metal oxide target is 90 % to 100 % inclusive,

preferably, 95 % to 99.9 % inclusive. By using the metal oxide target with high

relative density, a dense oxide semiconductor layer is formed.

[0143]

After that, the substrate 100 is transferred into the fourth treatment chamber

2240. The substrate 100 is cooled to such low temperature that reincorporation of

impurities such as water is suppressed from the substrate temperature T at the heat

treatment after the deposition. Specifically, slow cooling is performed so that the

temperature becomes 100 °C or more lower than the substrate temperature T. Cooling

may be performed with helium, neon, argon, or the like introduced into the fourth

treatment chamber 2240. Note that it is preferable that water, hydrogen, or the like be

not included in nitrogen or a rare gas such as helium, neon, or argon which is used for

the cooling. The purity of nitrogen or a rare gas such as helium, neon, or argon is

preferably 6N (99.9999 ) or more, more preferably, 7N (99.99999 %) or more (that is,

the impurity concentration is 1 ppm or less, preferably, 0.1 ppm or less).

[0144]

In the above manner, by deposition in a treatment chamber which is evacuated

with use of a cryopump and where impurities are reduced, an oxide semiconductor layer

is not exposed to air, which prevents reincorporation of water and hydrogen into the

oxide semiconductor layer, so that the oxide semiconductor layer with suppressed

impurity concentration can be obtained.

[0145]



With use of a deposition apparatus to which an evacuation unit such as a

cryopump is applied, impurities in a treatment chamber can be reduced. Impurities

attached to the inner wall of the treatment chamber are eliminated, and incorporation of

impurities into a substrate during deposition and a film can be reduced. In addition,

impurities which are eliminated from an atmosphere during preheating are evacuated,

whereby the impurities can be prevented from being attached to the substrate again.

[0146]

The incorporation of impurities is suppressed in the oxide semiconductor layer

formed with use of the deposition apparatus described in this embodiment. Therefore,

by using the oxide semiconductor layer, a semiconductor element with high reliability

can be provided. Specifically, a thin film transistor including an oxide semiconductor

with a controlled threshold voltage can be provided. In addition, a thin film transistor

including an oxide semiconductor with high operation speed, a relatively easy

manufacturing process, and sufficient reliability can be provided.

[0147]

In addition, with the apparatus for successive deposition described in this

embodiment, a method for manufacturing a thin film transistor including an oxide

semiconductor layer with a controlled threshold voltage, high operation speed, a

relatively easy manufacturing process, and sufficient reliability can be provided.

[0148]

Further, it is possible to reduce a degree of shift of the threshold voltage when

BT stress testing (bias-temperature stress testing) is performed, and a highly reliable

thin film transistor can be provided.

[0149]

A structure in which three or more treatment chambers are connected through a

transfer chamber is employed in this embodiment; however, there is no limitation to this

structure. For example, a so-called in-line structure may be employed in which the

entrance and the exit for the substrate are provided and the treatment chambers are

connected to each other.

[0150]

This embodiment can be combined with any of the other embodiments in this

specification as appropriate.



[0151]

(Embodiment 4)

In this embodiment, an apparatus for successive deposition of an oxide

insulating layer and a protective film over an oxide semiconductor layer, and a method

for successive deposition of the oxide insulating layer and the protective film with use

of the apparatus are described. Note that in this embodiment, a process for forming the

oxide insulating layer and the protective film is described, and the other process can be

performed in accordance with Embodiment 1 to manufacture a thin film transistor.

[0152]

An apparatus for successive deposition 3000 used in this embodiment is

illustrated in FIG 5. The apparatus for successive deposition 3000 includes a load

chamber 3110 and an unload chamber 3120. The load chamber 3110 and the unload

chamber 3120 are respectively provided with a cassette 3111 which stores a substrate

before treatment and a cassette 3121 which stores a substrate after treatment.

[0153]

In addition, the apparatus for successive deposition 3000 includes a first

transfer chamber 3100. The first transfer chamber 3100 is provided with a transfer

unit 3101. Five treatment chambers (a first treatment chamber 3210, a second

treatment chamber 3220, a third treatment chamber 3230, a fourth treatment chamber

3240, and a fifth treatment chamber 3250) are connected to the first transfer chamber

3100 through gate valves, and are arranged around the first transfer chamber 3100.

[0154]

The load chamber 3110, the unload chamber 3120, the first transfer chamber

3100, the first treatment chamber 3210, the second treatment chamber 3220, the third

treatment chamber 3230, the fourth treatment chamber 3240, and the fifth treatment

chamber 3250 are respectively provided with an evacuation unit 3115, an evacuation

unit 3125, an evacuation unit 3105, an evacuation unit 3215, an evacuation unit 3225,

an evacuation unit 3235, an evacuation unit 3245, and an evacuation unit 3255, so that a

reduced pressure can be realized. Although the evacuation unit may be selected in

accordance with the use application of each treatment chamber, an evacuation unit such

as a cryopump is particularly preferable. Alternatively, as the evacuation unit, a turbo

pump provided with a cold trap may be used.



[0155]

An evacuation unit such as a cryopump is preferably used in order to prevent

impurities from being contained in steps before and after formation of the oxide

semiconductor layer.

[0156]

The load chamber 3110 and the unload chamber 3120 each serve as a delivery

chamber for transferring a substrate from a room in an atmospheric-pressure state into

the first transfer chamber 3100 in a reduced-pressure state. By provision of the

delivery chamber, the first transfer chamber 3100 can be prevented from being

contaminated by air.

[0157]

The first treatment chamber 3210 and the fourth treatment chamber 3240 are

respectively provided with a substrate-heating unit 3211 and a substrate-heating unit

3241. As the substrate-heating unit, a hot plate, an RTA, or the like can be used. The

second treatment chamber 3220 and the third treatment chamber 3230 are each provided

with a sputtering apparatus and a substrate-heating unit. As the substrate-heating unit,

a hot plate, an RTA, or the like can be used. In addition, the fifth treatment chamber

3250 is provided with a cooling unit 3251.

[0158]

Next, an example of operation of the apparatus for successive deposition 3000

is described. Here, a method for forming an oxide insulating layer in contact with the

oxide semiconductor layer over a substrate over which a gate insulating film is formed

on a gate electrode, an oxide semiconductor layer is formed over the gate electrode with

the gate insulating film therebetween, and a source electrode and a drain electrode are

formed so that end portions of the source electrode and the drain electrode overlap with

the gate electrode, and for successively forming a protective film is described. Note

that the method for successive deposition can be applied to a manufacturing process of

the thin film transistor described in Embodiment 1, as an example.

[0159]

First, the load chamber 3110 is evacuated so that the load chamber 3110 is

made to have substantially the same pressure as the first transfer chamber 3100, and

then, the substrate 100 is transferred from the load chamber 3110 into the first treatment



chamber 3210 through the first transfer chamber 3100 with the gate valve opened.

[0160]

Next, the substrate 100 is preheated by the substrate-heating unit 3211 in the

first treatment chamber 3210, so that impurities attached to the substrate are eliminated

and evacuated. Examples of the impurities are a hydrogen atom, a compound

containing a hydrogen atom such as H20 , a compound containing a carbon atom, and

the like. Note that the temperature at the preheating is lower than or equal to 600 °C,

preferably, higher than or equal to 100 °C and lower than or equal to 400 °C. As an

evacuation unit provided for the first treatment chamber 3210, a cryopump is preferably

used. Since impurities attached to the substrate 100 are eliminated by the preheating

and diffuse into the first treatment chamber 3210, the impurities should be evacuated

from the first treatment chamber 3210 with use of a cryopump.

[0161]

Next, the substrate 100 is transferred into the second treatment chamber 3220,

and an oxide insulating layer is formed. The second treatment chamber 3220 is

evacuated with use of a cryopump or the like, so that the impurity concentration in the

treatment chambers is reduced. In an oxide insulating layer formed in a treatment

chamber where impurities are reduced, the impurity concentration is suppressed.

Specifically, hydrogen concentration in the oxide insulating layer can be reduced. In

addition, the oxide insulating layer is formed in the state where the substrate is heated.

In this embodiment, the substrate temperature is 100 °C to 600 °C inclusive, preferably,

200 °C to 400 °C inclusive, more preferably, 250 °C to 300 °C inclusive. By forming

the oxide insulating layer in the state where the substrate is heated, the concentration of

dangling bonds in the oxide insulating layer formed can be increased.

[0162]

In the case where a silicon oxide is deposited as the oxide insulating layer with

use of a sputtering apparatus, a silicon oxide target or a silicon target can be used as a

target. In particular, a silicon target is preferably used. The silicon oxide film formed

by a sputtering method under an atmosphere including oxygen and a rare gas and by

using a silicon target includes a large number of dangling bonds of silicon atoms or

oxygen atoms.
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[0163]

By provision of the oxide insulating layer including a large number of dangling

bonds in contact with the oxide semiconductor layer, impurities in the oxide

semiconductor layer are more likely to diffuse into the oxide insulating layer through

the interface between the oxide semiconductor layer and the oxide insulating layer.

Specifically, a hydrogen atom or a compound containing a hydrogen atom such as H 0

in the oxide semiconductor layer is more likely to diffuse into the oxide insulating layer.

As a result, the impurity concentration in the oxide semiconductor layer is reduced, and

an increase in carrier concentration due to an impurity is suppressed.

[0164]

Next, the substrate 100 is transferred into the third treatment chamber 3230,

and the protective insulating layer is formed over the oxide insulating layer. As the

protective insulating layer, a film having a function of preventing diffusion of impurity

elements is used; for example, a single layer or a stack of one or more films selected

from a silicon nitride film, a silicon nitride oxide film, a silicon oxynitride film, or the

like can be used. The third treatment chamber 3230 is preferably evacuated with use

of a cryopump or the like so that the impurity concentration in the treatment chamber

can be reduced.

[0165]

The protective insulating layer prevents diffusion and entry of impurities from

an outer atmosphere of the oxide semiconductor layer. Examples of the impurities are

hydrogen, a compound containing a hydrogen atom such as H20 , a compound

containing a carbon atom, and the like.

[0166]

In the case where a silicon nitride film is formed as the protective insulating

layer with use of a sputtering apparatus, the protective insulating layer can be formed in

the following manner: a silicon target is used; a mixed gas of nitrogen and argon is

introduced into the third treatment chamber 3230; and reactive sputtering is performed.

The substrate temperature is set to higher than or equal to 200 °C and lower than or

equal to 400 °C, for example, higher than or equal to 200 °C and lower than or equal to

350 °C. Through the deposition at high temperature, impurities containing a hydrogen



3

atom can diffuse into and be enclosed in the oxide insulating layer such as a silicon

oxide layer. In particular, the substrate temperature is preferably higher than or equal

to 200 °C and lower than or equal to 350 °C so that diffusion of hydrogen atoms can be

promoted.

[0167]

Next, the substrate 100 is transferred into the fourth treatment chamber 3240,

and heat treatment after deposition is performed. The substrate temperature at the heat

treatment after deposition is higher than or equal to 100 °C and lower than or equal to

600 °C. Through the heat treatment, impurities contained in the oxide semiconductor

layer are more likely to diffuse into the oxide insulating layer through the interface

between the oxide semiconductor layer and the oxide insulating layer. Specifically, a

hydrogen atom, a compound containing a hydrogen atom such as H 0 , or a compound

containing a carbon atom in the oxide semiconductor layer is more likely to diffuse into

the oxide insulating layer. As a result, the impurity concentration in the oxide

semiconductor layer is reduced, and an increase in carrier concentration due to an

impurity is suppressed.

[0168]

After that, the substrate 100 is transferred into the fifth treatment chamber 3250.

The substrate 100 is cooled to such low temperature that reincorporation of impurities

such as water is suppressed from the substrate temperature T at the heat treatment after

the deposition. Specifically, slow cooling is performed so that the temperature

becomes 100 °C or more lower than the substrate temperature T. Cooling may be

performed with helium, neon, argon, or the like introduced into the fifth treatment

chamber 3250. Note that it is preferable that water, hydrogen, or the like be not

included in nitrogen or a rare gas such as helium, neon, or argon which is used for the

cooling. The purity of nitrogen or a rare gas such as helium, neon, or argon is

preferably 6N (99.9999 ) or more, more preferably, 7N (99.99999 ) or more (that is,

the impurity concentration is 1 ppm or less, preferably, 0.1 ppm or less).

[0169]

With use of a deposition apparatus to which an evacuation unit such as a

cryopump is applied, impurities in a treatment chamber can be reduced. Impurities



attached to the inner wall of the treatment chamber are eliminated, and incorporation of

impurities into a substrate during deposition and a film can be reduced. In addition,

impurities which are eliminated from an atmosphere during preheating are evacuated,

whereby the impurities can be prevented from being attached to the substrate again.

[0170]

The oxide insulating layer formed with use of the deposition apparatus

described in this embodiment contains a large number of dangling bonds. By forming

the oxide insulating layer with use of the deposition apparatus to be in contact with the

oxide semiconductor layer, impurities contained in the oxide semiconductor layer,

specifically, a hydrogen atom and a compound containing a hydrogen atom such as H 0

diffuse into or move to the oxide insulating layer from the oxide semiconductor layer.

As a result, the impurity concentration in the oxide semiconductor layer can be reduced.

In the oxide semiconductor layer in which the impurity concentration is reduced, an

increase in carrier concentration due to an impurity is suppressed.

[0171]

For example, in a thin film transistor in which an oxide semiconductor layer

serving as a channel formation region is in contact with an oxide insulating layer

formed with use of a deposition apparatus described in this embodiment, the carrier

concentration in the channel formation region is reduced in the state where voltage is

not applied to a gate electrode, i.e., in the off state; therefore, the thin film transistor has

low off current and has favorable characteristics.

[0172]

Further, it is possible to reduce a degree of shift of the threshold voltage when

BT stress testing (bias-temperature stress testing) is performed, and a highly reliable

thin film transistor can be provided.

[0173]

A structure in which three or more treatment chambers are connected through a

transfer chamber is employed in this embodiment; however, there is no limitation to this

structure. For example, a so-called in-line structure may be employed in which the

entrance and the exit for the substrate are provided and the treatment chambers are

connected to each other.

[0174]



This embodiment can be combined with any of the other embodiments in this

specification as appropriate.

[Example 1]

[0175]

In Example 1, an analysis result of distribution of hydrogen concentration in

the thickness direction of a stack structure in which an oxide semiconductor layer is

interposed between insulating layers is described with reference to FIGS. 6A and 6B.

FIG 6A is a schematic view illustrating a cross-sectional structure of a sample used in

this analysis. The sample was formed in accordance with the manufacturing method

described in Embodiment 1. An oxynitride insulating layer 401 was formed by a

plasma CVD method over a glass substrate 400, an In-Ga-Zn-O-based oxide

semiconductor layer 402 was formed over the oxynitride insulating layer 401, and a

silicon oxide insulating layer 403 was formed by a sputtering method over the oxide

semiconductor layer 402.

[0176]

The distribution of hydrogen concentration in this sample was analyzed by

secondary ion mass spectrometry (SIMS). FIG. 6B shows a SIMS analysis result of

distribution of hydrogen concentration in the thickness direction of this sample. The

horizontal axis represents the depth from the surface of the sample, and a depth of 0 nm

at the left end corresponds to the surface of the sample (the silicon oxide insulating

layer 403). An analysis direction 404 in FIG. 6A shows the direction in which the

SIMS analysis was performed. The analysis was performed in the direction from the

silicon oxide insulating layer 403 toward the glass substrate 400. That is, the analysis

was performed in the direction from the left end of the horizontal axis of FIG 6B to the

right end thereof.

[0177]

The vertical axes of FIG. 6B are logarithmic axes representing hydrogen

concentration and ionic strength of silicon at a certain depth of the sample. In FIG 6B,

a hydrogen concentration profile 422 shows a hydrogen concentration profile in the

sample. A silicon ionic strength profile 421 shows the ionic strength of silicon which

was obtained in measurement of the hydrogen concentration profile 422. From the

change in the silicon ionic strength profile 421, it is found that a region where the depth
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is 0 nm to 44 nm in FIG. 6B corresponds to the silicon oxide insulating layer 403, a

region where the depth is 44 nm to 73 nm corresponds to the oxide semiconductor layer

402, and a region where the depth is 73 nm or more corresponds to the oxynitride

insulating layer 401.

[0178]

The hydrogen concentration in the oxide semiconductor layer 402 was

quantified by using a standard sample which was manufactured with the same oxide

semiconductor as the sample, and the hydrogen concentration in the silicon oxide

insulating layer 403 and the oxynitride insulating layer 401 was quantified by using a

standard sample which was manufactured with silicon oxide.

[0179]

From the hydrogen concentration profile 422, it is found that the hydrogen

concentration in the silicon oxide insulating layer 403 is approximately 7 x 1020

atoms/cm . It is also found that the hydrogen concentration in the oxide

semiconductor layer 402 is approximately 1 x 1019 atoms/cm 3 or higher. It is also

found that the hydrogen concentration in the oxynitride insulating layer 401 is

approximately 2 x 1021 atoms/cm 3. Further, in the vicinity of an interface 410 between

the silicon oxide insulating layer 403 and the oxide semiconductor layer 402, a

hydrogen concentration peak of approximately 4 x 102 1 atoms/cm3 exists.

[0180]

The hydrogen concentration peak is approximately 100 times as high as the

hydrogen concentration in the oxide semiconductor layer 402 (the ratio is referred to as

a hydrogen concentration ratio 411), and the hydrogen concentration peak is 5 times to 6

times as high as the hydrogen concentration in the silicon oxide insulating layer 403

(the ratio is referred to as a hydrogen concentration ratio 412). Note that as shown in

Example 2 below, the silicon oxide insulating layer containing defects has a larger

binding energy of a hydrogen atom than the oxide semiconductor layer; therefore,

hydrogen in the oxide semiconductor layer 402 moves to the silicon oxide insulating

layer 403 and gathers around the interface 410. On the other hand, the amount of

hydrogen included in the oxide semiconductor layer 402 is controlled in a step of

deposition. Therefore, there is upper limitation on the concentration of hydrogen



which gathers around the interface 410, and it can be considered that the hydrogen

concentration of the interface 410 is at least 5 times to 10 times as high as that of the

silicon oxide insulating layer 403.

[0181]

This is considered to be because hydrogen in the oxide semiconductor layer

402 gathered around the interface 410 and then diffused into the silicon oxide layer 403.

Therefore, by reducing the concentration of hydrogen which is originally present in the

silicon oxide insulating layer 403, the hydrogen concentration peak in the vicinity of the

interface 410 can be reduced and the hydrogen concentration in the oxide

semiconductor layer 402 can be further reduced.

[Example 2]

[0182]

The TFT property of an amorphous IGZO TFT depends on the length of a gate.

When the gate is approximately 10 µ or shorter, Vth is likely to shift to a negative

value. By performing annealing at 150 °C for 10 hours as a solution, the shift can be

suppressed. As a result of annealing, hydrogen in the IGZO is considered to move into

Si0 . Calculation was performed to find which of the following is easy for a hydrogen

atom to exist in: amorphous IGZO and amorphous SiOt .

[0183]

A binding energy of a hydrogen atom E bind was defined as follows, so that

stability of the hydrogen atom in an environment was evaluated.

£_bind = {£(original structure) + E (H)} - ^(structure with H)

The larger this binding energy E bind becomes, the more likely the hydrogen atom is to

exist. E (original structure), E(H), and E (structure with H) respectively represent

energy of the original structure, energy of the hydrogen atom, and energy of the

structure with hydrogen. The binding energy of four samples was calculated:

amorphous IGZO, amorphous Si0 2 without dangling bonds (hereinafter abbreviated to

DB), and two kinds of amorphous SiOx with DB.

[0184]

For calculation, CASTEP, which is a program for a density functional theory,

was used. As a method for the density functional theory, a plan wave basis



pseudopotential method was used. As a functional, LDA was used. Cut-off energy

was 300 eV. K-point was a grid of 2 x 2 x 2.

[0185]

The calculated structures are described below. First, the original structure is

described. A unit cell of amorphous IGZO includes 84 atoms in total: 12 In atoms, 12

Ga atoms, 12 Zn atoms, and 48 O atoms. A unit cell of amorphous Si0 2 without DB

includes 48 atoms in total: 16 Si atoms and 32 O atoms. Amorphous SiQx with DB (1)

has such a structure that an O atom is removed from the amorphous Si0 2 without DB

and one atom of Si which has been bonded to the O atom is bonded to a H atom; that is,

it includes 48 atoms in total: 16 Si atoms, 31 O atoms, and 1 H atom. Amorphous

SiQx with DB (2) has such a structure that a Si atom is removed from the amorphous

Si0 2 without DB and three atoms of O which have been bonded to the Si atom are

bonded to H atoms; that is, it includes 50 atoms in total: 15 Si atoms, 32 O atoms, and 3

H atoms. The structure with H is a structure in which H was attached to each of the

above four structures. Note that H was attached to an O atom in the amorphous IGZO,

a Si atom in the amorphous SiO without DB, and an atom that has DB in the

amorphous SiQx with DB. The structure in which H was calculated includes 1 H atom

in a unit cell. Note that the cell size of each structure is shown in Table 1.

[0186]

[Table 1]

[0187]

Calculation results are shown in Table 2.

[0188]



[Table 2]

[0189]

From the above, amorphous SiO in which oxygen has DB has the maximum

binding energy, followed by amorphous SiQ in Si has DB, amorphous IGZO, and

amorphous Si0 without DB having the minimum binding energy. Therefore,

hydrogen becomes the most stable when being bonded to DB in amorphous SiOtc.

[0190]

As a result, the following process is expected. There is a large amount of DB

in amorphous SiOtc. A hydrogen atom diffusing at the interface between amorphous

IGZO and amorphous SiOtc becomes stable by being bonded to the DB in the

amorphous SiOtc. Thus, the hydrogen atom in the amorphous IGZO moves to the DB

in the amorphous SiOtc.

This application is based on Japanese Patent Application serial no.

2009-219558 filed with Japan Patent Office on September 24, 2009, the entire contents

of which are hereby incorporated by reference.



CLAIMS

1. A method for manufacturing an oxide semiconductor element comprising the

steps of:

forming a gate electrode over a substrate;

forming a gate insulating film over the gate electrode;

forming an oxide semiconductor layer over the gate electrode with the gate

insulating film therebetween;

forming a source electrode and a drain electrode, the source electrode and the

drain electrode are in contact with the oxide semiconductor layer and end portions of the

source electrode and the drain electrode overlap with the gate electrode; and

forming an oxide insulating layer covering the oxide semiconductor layer

between the source electrode and the drain electrode,

wherein the substrate is held in a first reaction chamber kept in a reduced

pressure state,

wherein the substrate is heated to a temperature lower than or equal to 600 °C,

wherein the gate insulating film is formed over the substrate by introducing a

sputtering gas while moisture remaining in the first reaction chamber is removed, and

using a first target provided in the first reaction chamber, and

wherein the oxide semiconductor layer is formed over the gate insulating film

by using a metal oxide provided in a second reaction chamber as a second target.

2. The method for manufacturing the oxide semiconductor element according

to claim 1, wherein a purity of the sputtering gas is 99.9999 % or higher.

3. The method for manufacturing the oxide semiconductor element according

to claim 1, wherein remaining moisture is removed by evacuation with use of a

cryopump.

4. The method for manufacturing the oxide semiconductor element according

to claim 1, wherein the second target is a metal oxide containing zinc oxide as a main

component.



5. The method for manufacturing the oxide semiconductor element according

to claim 1, wherein the second target is a metal oxide containing indium, gallium, and

zinc.

6. The method for manufacturing the oxide semiconductor element according

to claim 1, wherein the oxide semiconductor layer is formed without being exposed to

air after forming the gate insulating film.

7. A method for manufacturing an oxide semiconductor element comprising the

steps of:

forming a gate electrode over a substrate;

forming a gate insulating film over the gate electrode;

forming an oxide semiconductor layer over the gate electrode with the gate

insulating film therebetween;

forming a source electrode and a drain electrode, the source electrode and the

drain electrode are in contact with the oxide semiconductor layer and end portions of the

source electrode and the drain electrode overlap with the gate electrode; and

forming an oxide insulating layer covering the oxide semiconductor layer

between the source electrode and the drain electrode,

wherein the substrate over which the gate insulating film is formed is held in a

heat chamber kept in a reduced pressure state,

wherein the substrate is preheated to a temperature lower than or equal to 400

°C while moisture remaining in the heat chamber is removed,

wherein the substrate is held in a reaction chamber kept in a reduced pressure

state,

wherein the substrate is heated to a temperature lower than or equal to 600 °C,

and

wherein the oxide semiconductor layer is formed over the gate insulating film

by using a metal oxide provided in the reaction chamber as a target.



8. The method for manufacturing the oxide semiconductor element according

to claim 7, wherein remaining moisture is removed by evacuation with use of a

cryopump.

9. The method for manufacturing the oxide semiconductor element according

to claim 7, wherein the target is a metal oxide containing zinc oxide as a main

component.

10. The method for manufacturing the oxide semiconductor element according

to claim 7, wherein the target is a metal oxide containing indium, gallium, and zinc.

11. The method for manufacturing the oxide semiconductor element according

to claim 7, wherein the oxide semiconductor layer is formed without being exposed to

air after forming the gate insulating film.

12. A thin film transistor comprising:

a gate electrode over a substrate;

a gate insulating film over the gate electrode;

an oxide semiconductor layer over the gate electrode with the gate insulating

film therebetween;

a source electrode and a drain electrode, the source electrode and the drain

electrode are in contact with the oxide semiconductor layer and end portions of the

source electrode and the drain electrode overlap with the gate electrode; and

an oxide insulating layer covering the oxide semiconductor layer formed

between the source electrode and the drain electrode,

wherein hydrogen concentration at an interface between the oxide

semiconductor layer and the oxide insulating layer is more than or equal to 5 x 10 19

cm and less than or equal to 1 x 10 cm .

13. The thin film transistor according to claim 12, wherein the oxide

semiconductor layer contains zinc.



14. The thin film transistor according to claim 12, wherein the oxide

semiconductor layer is an In-Ga-Zn-O-based film.

15. A thin film transistor comprising:

a gate electrode over a substrate;

a gate insulating film over the gate electrode;

an oxide semiconductor layer over the gate electrode with the gate insulating

film therebetween;

a source electrode and a drain electrode, the source electrode and the drain

electrode are in contact with the oxide semiconductor layer and end portions of the

source electrode and the drain electrode overlap with the gate electrode; and

an oxide insulating layer covering the oxide semiconductor layer formed

between the source electrode and the drain electrode,

wherein hydrogen concentration at an interface between the oxide

semiconductor layer and the oxide insulating layer is more than or equal to 5 times and

less than or equal to 100 times as high as hydrogen concentration in a portion of the

oxide insulating layer apart from the interface by 30 nm.

16. The thin film transistor according to claim 15, wherein the oxide

semiconductor layer contains zinc.

17. The thin film transistor according to claim 15, wherein the oxide

semiconductor layer is an In-Ga-Zn-O-based film.

18. A thin film transistor comprising:

a gate electrode over a substrate;

a gate insulating film over the gate electrode;

an oxide semiconductor layer over the gate electrode with the gate insulating

film therebetween;

a source electrode and a drain electrode, the source electrode and the drain

electrode are in contact with the oxide semiconductor layer and end portions of the



source electrode and the drain electrode overlap with the gate electrode; and

an oxide insulating layer covering the oxide semiconductor layer formed

between the source electrode and the drain electrode,

wherein hydrogen concentration in the oxide insulating layer is more than or

equal to 1 x 10 cm and less than or equal to 2 x 10 cm .

19. The thin film transistor according to claim 18, wherein the oxide

semiconductor layer contains zinc.

20. The thin film transistor according to claim 18, wherein the oxide

semiconductor layer is an In-Ga-Zn-O-based film.
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