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(57) Abstract: An object is to provide an oxide semicon
FIG. 4

ductor having stable electric characteristics and a semicon
ductor device including the oxide semiconductor. A manu
facturing method of a semiconductor film by a sputtering
method includes the steps of holding a substrate in a treat
ment chamber which is kept in a reduced-pressure state;
heating the substrate at lower than 400 C; introducing a
sputtering gas from which hydrogen and moisture are re
moved in the state where remaining moisture in the treat
ment chamber is removed; and forming an oxide semicon
ductor film over the substrate with use of a metal oxide
which is provided in the treatment chamber as a target.
When the oxide semiconductor film is formed, remaining
moisture in a reaction atmosphere is removed; thus, the
concentration of hydrogen and the concentration of hydride
in the oxide semiconductor film can be reduced. Thus, the
oxide semiconductor film can be stabilized.
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DESCRIPTION

METHOD FOR MANUFACTURING OXIDE SEMICONDUCTOR FILM AND

METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE

TECHNICAL FIELD

[0001]

One embodiment of the present invention relates to methods for manufacturing

an oxide semiconductor film and a semiconductor device using an oxide semiconductor.

BACKGROUND ART

[0002]

A thin film transistor (a TFT) including a semiconductor thin film (having a

thickness of several nanometers to several hundreds nanometers) which is formed over a

substrate having an insulating surface is applied to a thin film integrated circuit, a liquid

crystal display device, or the like. In particular, application of a thin film transistor as

a switching element provided in a pixel of a liquid crystal display device is expanding.

[0003]

In a conventional technique, a thin film transistor is manufactured using a

silicon semiconductor. However, in recent years, a technique for manufacturing a thin

film transistor using a metal oxide having semiconductor characteristics has attracted

attention. Indium oxide is a well-known material as a metal oxide, and has been used

as a transparent electrode material which is necessary for a liquid crystal display device

because it has high conductivity.

[0004]

On the other hand, it is known that a metal oxide shows semiconductor

characteristics by control of the composition of the metal oxide; typically, tungsten

oxide, tin oxide, indium oxide, zinc oxide, or the like can be given as a metal oxide

having semiconductor characteristics. Thin film transistors in which a channel

formation region is formed using such a metal oxide having semiconductor

characteristics (i.e., an oxide semiconductor) are already known (Patent Documents 1 to

4, Non-Patent Document 1).



[0005]

As metal oxides, multi-component oxides as well as single-component oxides

are known. For example, InGa0 3(ZnO)m m is a natural number) having a

homologous series is known as a multi-component oxide semiconductor including In,

Ga, and Zn (Non-Patent Documents 2 to 4). In addition, it has been confirmed that an

oxide semiconductor including such an In-Ga-Zn-based oxide can be used as a channel

layer of a thin film transistor (Patent Document 5, Non-Patent Documents 5 and 6).
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[0006]
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[0007]
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DISCLOSURE OF INVENTION

[0008]

However, because the composition of an oxide semiconductor cannot be easily

controlled, a difference from a stoichiometric composition of the oxide semiconductor

occurs in a process of forming an oxide semiconductor film. For example, electrical

conductivity of an oxide semiconductor is changed due to excess and deficiency of

oxygen. Incorporation of hydrogen and moisture in a process of forming the oxide

semiconductor film form an O-H (oxygen-hydrogen) bond and serve as an electron

donor in the oxide semiconductor film, which results in change in electrical conductivity.

Since an OH group is a polar molecule, it causes change in characteristics of a thin film

transistor manufactured using an oxide semiconductor film which includes a large

number of OH groups.

[0009]

In view of the above problems, an object of one embodiment of the present

invention is to provide an oxide semiconductor film having stable electric

characteristics and a semiconductor device using the oxide semiconductor film.

[0010]

One embodiment of the present invention is a method for manufacturing a

semiconductor film by a sputtering method, including the steps of holding a substrate in

a treatment chamber which is kept in a reduced-pressure state; setting the temperature of

the substrate to lower than 400 °C; introducing a sputtering gas from which hydrogen

and moisture are removed into the treatment chamber in the state where remaining

moisture in the treatment chamber is removed; and forming an oxide semiconductor



film over the substrate with use of a metal oxide as a target.

[0011]

When the oxide semiconductor film is formed, an entrapment vacuum pump is

preferably used for evacuating the treatment chamber. For example, a cryopump, an

ion pump, or a titanium sublimation pump is preferably used. The vacuum pump such

as a turbo molecular pump which evacuates gas by rotating a turbine blade at high speed

has characteristics in that the pumping speed with respect to a light gas such as

hydrogen is decreased. Therefore, it is not suitable to use a turbo molecular pump for

sufficiently evacuating remaining hydrogen and moisture from the treatment chamber of

a sputtering apparatus for manufacture of a highly purified oxide semiconductor film.

On the other hand, since an entrapment vacuum pump sufficiently evacuates even a

light gas such as hydrogen, it is possible to reduce the concentration of hydrogen in the

oxide semiconductor film to 5 x 1019 /cm3 or less by removal of remaining hydrogen

and moisture in the treatment chamber of the sputtering apparatus.

[0012]

When the oxide semiconductor film is formed, a metal oxide containing zinc

oxide as its main component can be used as the target. Alternatively, a metal oxide

containing indium, gallium, and zinc can be used as the target.

[0013]

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

oxide semiconductor film and a method for manufacturing a semiconductor device

which includes the step of forming a protective film for stabilizing characteristics of an

element manufactured using the oxide semiconductor film. In one embodiment of this

manufacturing method, a substrate over which a gate electrode and a gate insulating

film covering the gate electrode are formed is introduced into a first treatment chamber;

the temperature of the substrate is set to lower than 400 °C; a sputtering gas from which

hydrogen and moisture are removed is introduced in the state where remaining moisture

in the first treatment chamber is removed; and an oxide semiconductor film is formed

over the substrate with use of a metal oxide which is provided in the first treatment

chamber and contains at least zinc oxide as a target.

[0014]



Then, a source electrode and a drain electrode are formed over the oxide

semiconductor film; the substrate is introduced into a second treatment chamber; the

temperature of the substrate is set to lower than 100 °C; a sputtering gas including

oxygen from which hydrogen and moisture are removed is introduced in the state where

remaining moisture in the second treatment chamber is removed; and a silicon oxide

film including a defect is formed over the substrate with use of a silicon semiconductor

target which is provided in the second treatment chamber.

[0015]

Then, the substrate over which the silicon oxide film is formed is introduced

into a third treatment chamber; the substrate is heated at 200 °C to 400 °C to diffuse

hydrogen or moisture included in the oxide semiconductor film into the silicon oxide

film including the defect; and a silicon nitride film is formed over the silicon oxide film.

[0016]

In the method for manufacturing a semiconductor device, when the oxide

semiconductor film and/or the silicon oxide film are/is formed, an entrapment vacuum

pump is preferably used for evacuating the first treatment chamber and/or the second

treatment chamber. For example, a cryopump, an ion pump, or a titanium sublimation

pump is preferably used. The above entrapment vacuum pump functions so as to

reduce hydrogen, a hydroxyl group, or hydride included in the oxide semiconductor

film and/or the silicon oxide film.

[0017]

In the method for manufacturing a semiconductor device, a metal oxide

containing zinc oxide as its main component can be used as the target for forming the

oxide semiconductor film. Alternatively, a metal oxide containing indium, gallium,

and zinc can be used as the target.

[0018]

In the method for manufacturing a semiconductor device, as the target for

forming the silicon oxide film, a silicon semiconductor target or a synthetic quartz target

can be used.

[0019]

Note that the ordinal number such as "first", "second", or "third" used to



disclose or specify the present invention is given for convenience to distinguish

elements, and not given to limit the number, the arrangement, and the order of the steps

as long as there is no particular limitation. When a component is mentioned as being

"over" or "under" another component in order to disclose or specify the present

invention, the two components are in direct contact with each other in some cases;

however, another component may be present between the two components in other

cases. In terms used to disclose or specify the present invention, a singular can also

mean a plural unless the meaning of the singular is clearly different from the meaning of

the plural in the context. The word "include" or "have" is used to express the presence

of a characteristic, a number, a step, operation, a component, a piece, or combination

thereof, and do not eliminate the possibility of presence or addition of one or more other

characteristics, numbers, steps, operation, components, pieces, or combination thereof.

In the terms used to disclose or specify the present invention, all the terms which are

used including the technical or scientific terms have the same meaning as ones which

can be generally understood by those who have conventional knowledge in the technical

field to which the present invention belongs. The terms same as ones defined in a

commonly-used dictionary should be interpreted as including the meaning in

accordance with the meaning in the context of the related art, and should not be

interpreted as being ideally or excessively literally unless they are defined clearly in this

specification.

[0020]

When the oxide semiconductor film is formed, remaining moisture in a

reaction atmosphere is removed; thus, the concentration of hydrogen and the

concentration of hydride in the oxide semiconductor film can be reduced. Thus, the

oxide semiconductor film can be stabilized.

[0021]

When the oxide semiconductor film serving as a channel formation region is

formed over the gate insulating film, remaining moisture in a reaction atmosphere is

removed; thus, the concentration of hydrogen and the concentration of hydride in the

oxide semiconductor film can be reduced. By provision of the silicon oxide film

including a defect in contact with the oxide semiconductor film, hydrogen and moisture

in the oxide semiconductor film can be diffused into the silicon oxide film, so that the



concentration of hydrogen and the concentration of hydride in the oxide semiconductor

film can be reduced.

[0022]

In addition, the silicon nitride film is formed over the silicon oxide film

including a defect in the state where the substrate is heated; thus, hydrogen and moisture

can be diffused from the oxide semiconductor film into the silicon oxide film and a

barrier film for prevention of entry of moisture from an outer atmosphere can be

provided.

BRIEF DESCRIPTION OF DRAWINGS

[0023]

FIG 1 is a cross-sectional view illustrating a structure of a semiconductor

device according to one embodiment.

FIGS. 2A to 2D are cross-sectional views illustrating a method for

manufacturing a semiconductor device according to one embodiment.

FIG 3 illustrates one example of a deposition apparatus.

FIG 4 illustrates one example of a deposition apparatus.

FIG 5 is a graph showing results of measuring the concentration of hydrogen in

oxide semiconductor films manufactured during evacuation with a cryopump by a

secondary ion mass spectrometry method.

BEST MODE FOR CARRYING OUT THE INVENTION

[0024]

An embodiment of the disclosed invention will be described. Note that the

disclosed invention is not limited to the description below, and it is easily understood by

those skilled in the art that a variety of changes and modifications can be made without

departing from the spirit and scope of the disclosed invention. Therefore, the disclosed

invention should not be interpreted as being limited to the following description of the

embodiment.

[0025]

In the embodiment described below, the same reference numerals may be used

to denote the same components among different drawings. Note that elements in the



drawings, that is, the thickness and width of layers, regions, the relative positional

relationships between the components, and the like may be exaggerated for the sake of

clarity of the description in the embodiment.

[0026]

FIG 1 illustrates a structure of a semiconductor device. In a thin film

transistor 110 of the semiconductor device, a gate electrode 101a and a first wiring 101b

formed from the same layer as the gate electrode 101a are provided over a substrate 100.

A gate insulating layer 102 is formed over the gate electrode 101a and the first wiring

101b. The gate insulating layer 102 is preferably formed using an oxide insulating

material.

[0027]

FIG 1 illustrates the case where the gate insulating layer 102 is formed of a

first gate insulating layer 102a and a second gate insulating layer 102b. In this case,

the second gate insulating layer 102b in contact with an oxide semiconductor layer 123

is preferably formed using an oxide insulating material. The oxide semiconductor

layer 123 is formed over the gate electrode 101a with the gate insulating layer 102

therebetween.

[0028]

A source electrode 104a and a drain electrode 104b are formed so that end

portions of the source electrode 104a and the drain electrode 104b overlap with the gate

electrode 101a. An oxide insulating film 105 is provided over the source electrode

104a and the drain electrode 104b. Between the source electrode 104a and the drain

electrode 104b, the oxide insulating film 105 is in contact the oxide semiconductor layer

123. A protective insulating film 106 is provided over the oxide insulating film 105.

[0029]

A contact hole 108 is formed in the gate insulating layer 102 to reach the first

wiring 101b. The first wiring 101b and a second wiring 104c are connected to each

other through the contact hole 108.

[0030]

One example of a method for manufacturing a semiconductor device which

includes the thin film transistor 110 will be described with reference to FIGS. 2Ato 2D.

[0031]



FIG 2A shows the stage at which the gate electrode 101a, the first wiring 101b,

the gate insulating layer 102, and an oxide semiconductor film 103 are formed over the

substrate 100.

[0032]

As a glass substrate used for the substrate 100, it is possible to use a glass

substrate used for a liquid crystal panel. For example, a glass material such as

aluminosilicate glass, aluminoborosilicate glass, or barium borosilicate glass can be

used. More practical glass with heat resistance can be obtained by containing a larger

amount of barium oxide (BaO) than the amount of boron oxide (B20 3). Therefore, a

glass substrate containing a larger amount of BaO than the amount of B20 3 is preferably

used.

[0033]

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

insulating surface, a first wiring layer including the gate electrode 101a and the first

wiring 101b is formed through a first photolithography step. End portions of the gate

electrode 101a are preferably tapered. 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.

[0034]

As the conductive film for forming the gate electrode 101a and the first wiring

101b, an element selected from Al, Cr, Ta, Ti, Mo, or W, an alloy containing any of

these elements as a 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 silicon, 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. For example, the gate electrode 101a and the first wiring 101b can

be formed to have a stacked-layer structure in which an Al film is sandwiched between

Ti films.

[0035]

The gate electrode can also be formed using a light-transmitting conductive

film instead of a non-light-transmitting metal film. As a light-transmitting conductive

film, a transparent conductive oxide or the like can be given.



[0036]

Next, the gate insulating layer 102 and the oxide semiconductor film 103 are

formed. The gate insulating layer 102 can be formed by a plasma CVD method or a

sputtering method. The gate insulating layer 102 is formed using an oxide insulating

film such as silicon oxide or aluminum oxide. A silicon oxide film and an aluminum

oxide film can be formed by a sputtering method. For example, in the case where a

silicon oxide film is formed by a sputtering method, a silicon target or a quartz target is

used as a target, and oxygen or a mixed gas of oxygen and argon is used as a sputtering

gas. Since the amount of hydrogen in a silicon oxide film or an aluminum oxide film

formed by a sputtering method is small, the silicon oxide film or the silicon aluminum

film formed by a sputtering method is preferably used as the gate insulating layer 102 in

contact with the oxide semiconductor film 103. When a large amount of hydrogen is

contained in the gate insulating layer 102, hydrogen is diffused into the oxide

semiconductor film 103, which causes change in characteristics of the transistor.

[0037]

Note that the gate insulating layer 102 can be formed to have a structure in

which a silicon nitride layer and a silicon oxide layer are stacked from the gate electrode

101a side. For example, a silicon nitride layer (SiN (y > 0)) is formed as the first gate

insulating layer 102a by a sputtering method, and a silicon oxide layer (SiO (x > 0)) is

stacked as the second gate insulating layer 102b over the first gate insulating layer 102a;

in such a manner, the gate insulating layer 102 having a thickness of 100 nm is formed

as illustrated in FIG 2A.

[0038]

It is preferable that hydrogen, a hydroxyl group, and moisture be contained in

the gate insulating layer 102 as little as possible; therefore, the substrate 100 over which

the gate electrode 101a and the first wiring 101b are formed is preferably heated at 200

°C or higher in a preheating chamber of a sputtering apparatus as pretreatment for

deposition, so that impurities attached to the substrate 100 can be removed.

[0039]

Then, the oxide semiconductor film 103 is formed over the gate insulating

layer 102. The oxide semiconductor film 103 is formed by a sputtering method. The



oxide semiconductor film 103 is formed using, for example, an In-Ga-Zn-O-based

non-single-crystal film, an In-Sn-Zn-O-based oxide semiconductor film, an

In-Al-Zn-O-based oxide semiconductor film, a Sn-Ga-Zn-O-based oxide semiconductor

film, an Al-Ga-Zn-O-based oxide semiconductor film, a Sn-Al-Zn-O-based oxide

semiconductor film, an In-Zn-O-based oxide semiconductor film, a Sn-Zn-O-based

oxide semiconductor film, an Al-Zn-O-based oxide semiconductor film, an In-O-based

oxide semiconductor film, a Sn-O-based oxide semiconductor film, or a Zn-O-based

oxide semiconductor film. Further, the oxide semiconductor film 103 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, deposition may be performed using a target

containing silicon oxide at greater than or equal to 2 wt and less than or equal to 10

wt so that silicon oxide is contained in the film. Since silicon oxide prevents

crystallization of the oxide semiconductor film, the oxide semiconductor film

containing silicon oxide can be prevented from being crystallized during heat treatment

for dehydration or dehydrogenation in a later step.

[0040]

As a target for forming the oxide semiconductor film 103 by a sputtering

method, a metal oxide target containing zinc oxide as its main component can be used.

As another example of a metal oxide target, an oxide semiconductor target containing In,

Ga, and Zn (in a composition ratio, ln20 3 : Ga20 3 : ZnO = 1:1:1 [mol%], In : Ga : Zn =

1:1:0.5 [atomic%]) can be used. The fill rate of the oxide semiconductor target is

greater than or equal to 90 % and less than or equal to 100 , preferably, greater than or

equal to 95 % and less than or equal to 99.9 . With the use of the oxide

semiconductor target with high fill rate, a dense oxide semiconductor film is formed.

[0041]

In the case where the oxide semiconductor film 103 is formed by a sputtering

method, first, the substrate is held in a treatment chamber which is kept in a

reduced-pressure state, and the substrate is heated at lower than 400 °C. Then, a

sputtering gas from which hydrogen and moisture are removed is introduced into the

treatment chamber from which remaining moisture is being removed, and an oxide



semiconductor film is deposited over the substrate with use of a metal oxide as a target.

In order to remove remaining moisture in the treatment chamber, an entrapment vacuum

pump is preferably used. For example, a cryopump, an ion pump, or a titanium

sublimation pump is preferably used. The evacuation unit may be a turbo pump

provided with a cold trap. In the deposition chamber which is evacuated with 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

concentration of impurities in the oxide semiconductor film formed in the deposition

chamber can be reduced.

[0042]

There is no particular limitation on the deposition condition of the oxide

semiconductor film, and it is set as appropriate. As one example of the deposition

condition, the distance between the substrate and the target is 100 mm, the pressure is

0.6 Pa, the direct-current (DC) power source is 0.5 kW, and the atmosphere is an oxygen

atmosphere (the proportion of the oxygen flow rate is 100 ). Note that a pulse

direct-current (DC) power source is preferably used because dust can be reduced and

the film thickness can be uniform. The thickness of the oxide semiconductor film 103

is preferably greater than or equal to 5 nm and less than or equal to 50 nm. Needless

to say, the thickness of the oxide semiconductor film is not limited to the above range,

and is set as appropriate in consideration of characteristics of the transistor.

[0043]

By formation of the oxide semiconductor film by a sputtering method as

described above, an oxide semiconductor film whose quantitative result of the

concentration of hydrogen measured by secondary ion mass spectrometry (SIMS) is

reduced to 2 x 1019 cm- 3 or less, preferably 5 x 10 18 cm- 3 or less can be obtained.

[0044]

Here, the concentration of hydrogen in the oxide semiconductor film is

described. FIG 5 shows results of measuring, by a secondary ion mass spectrometry

method, the concentration of hydrogen in oxide semiconductor films formed by a

sputtering method.

[0045]



In FIG. 5, an oxide semiconductor film formed during evacuation with a

cryopump is shown as an Example. This oxide semiconductor film is formed under

the following condition: a metal oxide target (manufactured by Kojundo Chemical Lab.

Co., Ltd, the relative density: 80 ) having a ratio of In : Ga : Zn = 1:1:0.5 is used as a

target; argon and oxygen are used (Ar/O? = 30/15 seem) as a sputtering gas; the T/S

distance is 60 mm; the DC electric power is 0.4 kW; and the deposition pressure is 0.4

Pa.

[0046]

In FIG. 5, an oxide semiconductor film formed during evacuation with a turbo

molecular pump using a target which has the same composition and is formed by the

same manufacturer as the above example is shown as a comparative example. This

oxide semiconductor film is formed under the following condition: argon and oxygen

(Ar/0 2 = 10/5 seem) are used as a sputtering gas; the T/S distance is 170 mm; the DC

electric power is 0.5 kW; and the deposition pressure is 0.4 Pa.

[0047]

As apparent from FIG 5, the concentration of hydrogen in the film of a sample

of the example (i.e., the oxide semiconductor film formed during evacuation with a

cryopump) is reduced to 5 x 10 /cm or less, whereas the concentration of hydrogen in

the film of a sample of the comparative example is 1 x 1020 /cm3 or more. It is

apparent from FIG 5 that the concentration of hydrogen in the oxide semiconductor film

can be more reduced in the case where deposition by a sputtering method is performed

with an entrapment vacuum pump such as a cryopump removing moisture.

[0048]

FIG 2B shows the stage at which the oxide semiconductor film 103 is

processed into an island shape by a second photolithography step to form an oxide

semiconductor layer 113, and the contact hole 108 is formed by a third photolithography

step. A resist mask for forming the semiconductor layer 113 may be formed by an

inkjet method; in that case, the manufacturing cost can be reduced because a photomask

is not used.

[0049]

The contact hole 108 is provided in the gate insulating layer 102 to expose the



first wiring 101b.

[0050]

FIG 2C shows the stage at which a conductive film to be the source electrode,

the drain electrode, and the like of the thin film transistor is formed. As the conductive

film, a metal selected from Ti, Mo, W, Al, Cr, Cu, or Ta, an alloy containing any of the

above elements as a 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.

For example, 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 titanium film, a titanium

nitride film may be used.

[0051]

Next, a fourth photolithography step is performed. A resist mask is formed,

and the conductive film is selectively etched, so that the source electrode 104a, the drain

electrode 104b, and the second wiring 104c are formed. In FIG 2C, the second wiring

104c is in contact with the first wiring 101b through the contact hole 108 which is

formed in the first gate insulating layer 102a and the second gate insulating layer 102b.

[0052]

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

are in contact with the oxide semiconductor layer 113 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 113, the metal conductive film can be selectively removed,

so that the oxide semiconductor layer 123 containing an In-Ga-Zn-O-based oxide

semiconductor can remain. A resist mask for forming the source electrode 104a, the

drain electrode 104b, and the second wiring 104c 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.

[0053]

FIG 2D shows the stage at which the oxide insulating film 105 and the



protective insulating film 106 are formed over the oxide semiconductor layer 123 over

which the source electrode 104a, the drain electrode 104b, and the second wiring 104c

are formed.

[0054]

In a region where the oxide semiconductor layer 123 overlaps with neither the

source electrode 104a nor the drain electrode 104b, the oxide semiconductor layer 123

and the oxide insulating film 105 are in contact with each other. A region of the oxide

semiconductor layer 123 which is between the source electrode 104a and the drain

electrode 104b, overlaps with the gate electrode, and is provided between the oxide

insulating film 105 and the gate insulating layer 102 and in contact with the oxide

insulating film 105 and the gate insulating layer 102 serves as a channel formation

region.

[0055]

The oxide insulating film 105 is preferably formed by a sputtering method.

This is because hydrogen is not to be contained in the oxide insulating film 105 like the

above gate insulating layer. Therefore, the oxide insulating film 105 is also preferably

formed by the sputtering method in the state where remaining hydrogen, a remaining

hydroxyl group, or remaining moisture in the treatment chamber is removed. As a

material for forming the oxide insulating film 105, silicon oxide or aluminum oxide can

be used.

[0056]

There is no particular limitation on the deposition condition of the oxide

insulating film, and it is set as appropriate. For example, a silicon oxide film is formed

by a pulse DC sputtering method under the following condition: a boron-doped silicon

target (having a resistance of 0.01 Qcm) is used; the distance between the substrate and

the target (the 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 an oxygen atmosphere (the proportion of

the oxygen flow rate is 100 ). By formation of the silicon oxide film by a sputtering

method, a defect (due to a structural defect, i.e., a dangling bond) can be included in the

silicon oxide film. This is because a sputtering method is a physical deposition

method in which atoms or particles sputtered from a target are made to be attached to a



substrate, and the atoms or particles attached to the substrate are rapidly cooled, so that

a thin film including a structural defect is easily formed. Note that instead of a silicon

target, quartz (preferably, synthetic quartz) can be used as the target for forming the

silicon oxide film.

[0057]

Next, the protective insulating film 106 is formed over the oxide insulating film

105. As the protective insulating film 106, a silicon nitride film, a silicon nitride oxide

film, an aluminum nitride film, or the like can be used. Here, as the protective

insulating film 106, a silicon nitride film is formed. The silicon nitride film can be

formed by a sputtering method.

[0058]

When the protective insulating film 106 is formed, the substrate 100 is heated

at 200 °C to 400 °C; thus, hydrogen or moisture included in the oxide semiconductor

film can be diffused into the oxide insulating film (the silicon oxide film including a

defect). Since the oxide insulating film 105 contains many defects (dangling bonds),

an impurity such as hydrogen, a hydroxyl group, or moisture contained in the oxide

semiconductor layer 123 are diffused into the oxide insulating film 105 through the

interface between the oxide semiconductor layer 123 and the oxide insulating film 105.

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

a compound containing a carbon atom in the oxide semiconductor layer 123 is easily

diffused into the oxide insulating film 105.

[0059]

When the oxide semiconductor film is formed in the above manner, remaining

moisture in a reaction atmosphere is removed; thus, the concentration of hydrogen and

that of hydride in the oxide semiconductor film can be reduced. Therefore,

characteristics of the transistor can be stabilized.

[0060]

When the oxide semiconductor film serving as the channel formation region is

formed over the gate insulating film, remaining moisture in a reaction atmosphere is

removed; thus, the concentration of hydrogen and that of hydride in the oxide

semiconductor film can be reduced. By provision of the silicon oxide film including a

defect in contact with the oxide semiconductor film, hydrogen and moisture in the oxide



semiconductor film can be diffused into the silicon oxide film, so that the concentration

of hydrogen and that of hydride in the oxide semiconductor film can be reduced.

[0061]

In addition, the silicon nitride film is formed over the silicon oxide film

including a defect in the state where the substrate is heated; thus, hydrogen and moisture

can be diffused from the oxide semiconductor film into the silicon oxide film and a

barrier film for prevention of entry of moisture from an outer atmosphere can be

provided.

[0062]

The above steps can be used for manufacture of a liquid crystal display panel,

an electroluminescence display panel, and a backplane (a substrate over which a thin

film transistor is formed) of a display device using electronic ink. The above steps are

performed at 400 °C or lower; therefore, the above steps can be applied to a

manufacturing process in which a glass substrate having a thickness of 1 mm or less and

having a side that is longer than 1 m is used. All the above steps can be performed at

400 °C or lower; thus, a large amount of energy is not needed for manufacturing a

display panel.

[0063]

FIG 3 illustrates an example of a deposition apparatus that can be used for

manufacturing an oxide semiconductor film and a semiconductor device in which an

oxide semiconductor film is used.

[0064]

The deposition apparatus illustrated in FIG. 3 is provided with a load chamber

207 and an unload chamber 208. In each of the load chamber 207 and the unload

chamber 208, a cassette 210 which stores a substrate before treatment or a substrate

after treatment is provided. A first transfer chamber 201 is provided between the load

chamber 207 and the unload chamber 208, and is provided with a transfer unit 209

which transfers a substrate.

[0065]

The deposition apparatus is provided with a second transfer chamber 202.

The second transfer chamber 202 is provided with the transfer unit 209. Four



treatment chambers (a first treatment chamber 203, a second treatment chamber 204, a

third treatment chamber 205, and a fourth treatment chamber 206) are connected to the

second transfer chamber 202 through gate valves, and are arranged around the second

transfer chamber 202. Note that one side of the first treatment chamber 203 is

connected to the first transfer chamber 201 through a gate valve, and the other side of

the first treatment chamber 203 is connected to the second transfer chamber 202 through

a gate valve.

[0066]

The second transfer chamber 202, the first treatment chamber 203, the second

treatment chamber 204, the third treatment chamber 205, and the fourth treatment

chamber 206 are each provided with an evacuation unit 212. Although the evacuation

unit may be selected depending on the use application of each treatment chamber, an

entrapment 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. Such an evacuation unit has an effect of attaching remaining moisture in a

treatment chamber to a cooled metal surface; therefore, it is effective to use such an

evacuation unit for improvement in purity of an oxide semiconductor film.

[0067]

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

such as a cryopump is preferably used in order to prevent incorporation of remaining

moisture as an impurity in the treatment chambers (needless to say, including the

treatment chamber for forming the oxide semiconductor film) in steps before and after

formation of films in contact with the oxide semiconductor film and steps before and

after formation of the oxide semiconductor film.

[0068]

A substrate-heating unit 211 is provided in the first treatment chamber 203.

The first treatment chamber 203 serves as a delivery chamber for transferring a

substrate from the first transfer chamber 201 in an atmospheric-pressure state to the

second transfer chamber 202 in a reduced-pressure state. By provision of the delivery

chamber, the second transfer chamber 202 can be prevented from being contaminated

by air.

[0069]



The second treatment chamber 204, the third treatment chamber 205, and the

fourth treatment chamber 206 are provided with a structure for forming a silicon nitride

film by a sputtering method, a structure for forming a silicon oxide film by a sputtering

method, and a structure for forming an oxide semiconductor film by a sputtering

method, respectively. That is, a target and a substrate-heating unit are provided in each

of the treatment chambers, and the treatment chambers are each provided with a gas

supply unit for introducing a sputtering gas and a glow discharge generation unit.

[0070]

Next, an example of operation of the deposition apparatus is described. Here,

a method for successively forming the gate insulating film and the oxide semiconductor

film over the substrate over which the gate electrode 101a and the first wiring 101b are

formed as illustrated in FIG. 2A is described.

[0071]

The transfer unit 209 transfers the substrate 100 over which the gate electrode

101a and the first wiring 101b are formed to the first treatment chamber 203 from the

cassette 210. Next, the substrate 100 is preheated in the first treatment chamber 203

with the gate valve closed, whereby 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.

[0072]

The substrate 100 is transferred to the second treatment chamber 204, and a

silicon nitride film is formed. Then, the substrate 100 is transferred to the third

treatment chamber 205, and a silicon oxide film is formed. In such a manner, the gate

insulating layer 102 is formed. The second treatment chamber 204 and the third

treatment chamber 205 are preferably evacuated by a cryopump or the like so that the

concentration of impurities in the treatment chambers can be reduced. The silicon

nitride film and the silicon oxide film stacked in the treatment chambers in which the

concentration of impurities is reduced are used as the gate insulating layer 102 in which

hydrogen, a hydroxyl group, moisture, or the like is reduced.

[0073]

The substrate 100 is transferred to the third treatment chamber 205. A target



for an oxide semiconductor is provided in the third treatment chamber 205, and the third

treatment chamber 205 is provided with a cryopump as an evacuation unit. In the third

treatment chamber 205, an oxide semiconductor layer is formed. In the third treatment

chamber 205, remaining moisture is removed by the cryopump, so that the

concentration of hydrogen in the oxide semiconductor film 103 can be reduced. The

oxide semiconductor film 103 is formed in the state where the substrate is heated.

Deposition by a sputtering method is performed in the state where remaining moisture

in the treatment chamber is removed by the cryopump, whereby the substrate

temperature at the time of forming the oxide semiconductor film 103 can be 400 °C or

lower.

[0074]

In the above-described manner, the gate insulating layer 102 and the oxide

semiconductor film 103 can be successively formed by the deposition apparatus. The

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

chamber is employed in FIG 3; however, another structure may be employed. For

example, a so-called in-line structure in which the entrance and the exit for the substrate

are provided and the treatment chambers are connected to each other may be employed.

[0075]

FIG 4 shows an example of a deposition apparatus for forming the oxide

insulating film 105 and the protective insulating film 106 over the oxide semiconductor

layer 123 as illustrated in FIG 2D.

[0076]

This deposition apparatus is provided with a load chamber 307 and an unload

chamber 308. The load chamber 307 and the unload chamber 308 are each provided

with a cassette 310 which stores a substrate before treatment or a substrate after

treatment.

[0077]

In addition, this deposition apparatus is provided with a transfer chamber 301.

The transfer chamber 301 is provided with a transfer unit 309. Five treatment

chambers (a first treatment chamber 302, a second treatment chamber 303, a third

treatment chamber 304, a fourth treatment chamber 305, and a fifth treatment chamber

306) are connected to the transfer chamber 301 through gate valves, and are arranged



around the transfer chamber 301.

[0078]

The load chamber 307, the unload chamber 308, the transfer chamber 301, the

first treatment chamber 302, the second treatment chamber 303, the third treatment

chamber 304, the fourth treatment chamber 305, and the fifth treatment chamber 306 are

each provided with an evacuation unit 313, so that the chambers can be in a

reduced-pressure state. 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.

[0079]

The load chamber 307 and the unload chamber 308 each serve as a delivery

chamber for transferring a substrate to the transfer chamber 301. By provision of the

delivery chamber, the transfer chamber 301 can be prevented from being contaminated

by air.

[0080]

The first treatment chamber 302 and the fourth treatment chamber 305 are each

provided with a substrate-heating unit 311. The second treatment chamber 303 and the

third treatment chamber 304 are provided with a structure for forming a silicon oxide

film by a sputtering method and a structure for forming a silicon nitride film by a

sputtering method, respectively. That is, a target and a substrate-heating unit are

provided in each of the treatment chambers, and the treatment chambers are each

provided with a gas supply unit for introducing a sputtering gas and a glow discharge

generation unit. In addition, a cooling unit 312 is provided in the fifth treatment

chamber 306.

[0081]

An example of operation of the deposition apparatus is described. A method

for forming the oxide insulating film 105 and the protective insulating film 106 over the

oxide semiconductor layer 123 as illustrated in FIG 2D is described.

[0082]

First, the load chamber 307 is evacuated so that the load chamber 307 is made

to have substantially the same pressure as the transfer chamber 301, and then, the



substrate 100 is transferred from the load chamber 307 to the first treatment chamber

302 through the transfer chamber 301 with the gate valve opened.

[0083]

It is preferable that the substrate 100 be preheated by the substrate-heating unit

311 in the first treatment chamber 302 so that impurities attached to the substrate can be

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 of the preheating is higher than or equal

to 100 °C and lower than or equal to 400 °C, preferably higher than or equal to 150 °C

and lower than or equal to 300 °C. As an evacuation unit provided for the first

treatment chamber 302, a cryopump is preferably used. Since impurities attached to

the substrate 100 are eliminated by the preheating and are diffused into the first

treatment chamber 302, the impurities should be evacuated from the first treatment

chamber 302 with use of a cryopump. Note that this preheating treatment can be

omitted.

[0084]

The substrate 100 is transferred to the second treatment chamber 303, and the

oxide insulating film 105 is formed. For example, a silicon oxide film is formed as the

oxide insulating film 105. The second treatment chamber 303 is evacuated by a

cryopump or the like, so that the concentration of impurities in the treatment chamber is

reduced. The concentration of impurities in the oxide insulating film formed in the

treatment chamber with reduced impurities is suppressed. Specifically, the

concentration of hydrogen contained in the oxide insulating film can be reduced.

Although the oxide insulating film 105 may be formed in the state where the substrate

100 is heated, the oxide insulating film 105 is preferably formed at room temperature to

about 200 °C so that the oxide insulating film 105 includes a defect.

[0085]

In the case where a silicon oxide film is formed as the oxide insulating film 105

by a sputtering method, a quartz target or a silicon target can be used as a target. The

silicon oxide film formed by a sputtering method under an atmosphere including

oxygen and a rare gas with use of a quartz target or a silicon target can include a



dangling bond of a silicon atom or an oxygen atom.

[0086]

By provision of the oxide insulating film 105 including a large number of

dangling bonds in contact with the oxide semiconductor layer 123, impurities such as

hydrogen, a hydroxyl group, and moisture in the oxide semiconductor layer 123 are

easily diffused into the oxide insulating film 105 through the interface between the

oxide semiconductor layer 123 and the oxide insulating film 105. Specifically, a

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

semiconductor layer 123 is easily diffused into the oxide insulating film 105. As a

result, the concentration of impurities in the oxide semiconductor layer 123 is reduced.

[0087]

Next, the substrate 100 is transferred to the third treatment chamber 304, and

the protective insulating film 106 is formed over the oxide insulating film 105. As the

protective insulating film 106, a film having a function of preventing diffusion of

impurity elements is used; for example, a silicon nitride film, a silicon nitride oxide film,

or the like can be used. The third treatment chamber 304 is preferably evacuated by a

cryopump or the like so that the concentration of impurities in the treatment chamber

can be reduced.

[0088]

The protective insulating film 106 prevents diffusion and entry of impurities

from an outer atmosphere of the thin film transistor 110. Examples of the impurities

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

containing a carbon atom, and the like.

[0089]

In the case where a silicon nitride film is formed as the protective insulating

film 106 by a sputtering method, for example, the protective insulating film 106 is

formed in the following manner: a silicon target is used; a mixed gas of nitrogen and

argon is introduced into the third treatment chamber 304; 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



including a hydrogen atom such as hydrogen, a hydroxyl group, and moisture can be

diffused into the oxide insulating film 105 and the concentration of impurities in the

oxide semiconductor layer 123 can be reduced. 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.

[0090]

Note that the heat treatment may be performed after the protective insulating

film 106 is formed in order to diffuse impurities including a hydrogen atom such as

hydrogen, a hydroxyl group, and moisture into the oxide insulating film 105 and to

reduce the concentration of impurities in the oxide semiconductor layer 123.

[0091]

For example, as illustrated in FIG. 4, the substrate 100 is transferred to the

fourth treatment chamber 305, and heat treatment after deposition is performed. The

substrate temperature of the heat treatment after deposition is higher than or equal to

200 °C and lower than or equal to 400 °C. Through the heat treatment, impurities

included in the oxide semiconductor layer can be easily diffused into the oxide

insulating film 105 through the interface between the oxide semiconductor layer 123

and the oxide insulating film 105. Specifically, a hydrogen atom or a compound

containing a hydrogen atom such as H 0 in the oxide semiconductor layer 123 is easily

diffused into the oxide insulating film. As a result, the concentration of impurities in

the oxide semiconductor layer 123 is reduced.

[0092]

After the heat treatment, the substrate 100 is transferred to the fifth treatment

chamber 306. The substrate 100 is cooled to such low temperature that

reincorporation of impurities such as water is suppressed from the substrate temperature

T of the heat treatment after the deposition. Specifically, the substrate 100 is slowly

cooled to the temperature lower than the substrate temperature T by 100 °C or more.

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

treatment chamber 306. 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 concentration of impurities is 1 ppm or less, preferably 0.1 ppm or less).

[0093]

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.

[0094]

The oxide insulating film 105 formed in the above manner includes a large

number of dangling bonds. By provision of the oxide insulating film 105 in contact

with the oxide semiconductor layer 123, impurities such as a hydrogen atom and a

compound containing a hydrogen atom such as H20 in the oxide semiconductor layer

123 can be diffused into or moved to the oxide insulating film 105 from the oxide

semiconductor layer 123. As a result, the concentration of impurities in the oxide

semiconductor layer 123 can be reduced.

[0095]

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 film formed

using a deposition apparatus described in this embodiment, the carrier concentration of

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.

[0096]

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

transfer chamber is employed in FIG. 4; however, a structure of an apparatus for

reducing hydrogen and moisture in an oxide semiconductor film is not limited thereto.

For example, a so-called in-line structure in which the entrance and the exit for the

substrate are provided and the treatment chambers are connected to each other may be

employed.

[0097]



The above steps using the deposition apparatus can be used for manufacture of

a liquid crystal display panel, an electroluminescence display panel, and a backplane (a

substrate over which a thin film transistor is formed) of a display device using

electronic ink. The above steps using the deposition apparatus are performed at 400

°C or lower; therefore, the above steps using the deposition apparatus can be applied to

a manufacturing process in which a glass substrate having a thickness of 1 mm or less

and having a side that is longer than 1 m is used. All the above steps can be performed

at 400 °C or lower; thus, a large amount of energy is not needed for manufacturing a

display panel.

This application is based on Japanese Patent Application serial no.

2009-219210 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 film, comprising the

steps of:

heating a substrate at lower than 400 °C;

introducing a sputtering gas from which hydrogen and moisture are removed

into a treatment chamber while moisture remaining in the treatment chamber is

removed; and

forming an oxide semiconductor film over the substrate by a metal oxide as a

target,

wherein the substrate is held in the treatment chamber kept in a

reduced-pressure state.

2. The method for manufacturing an oxide semiconductor film according to

claim 1, wherein the moisture remaining in the treatment chamber is removed by

evacuation with use of a cryopump evacuating the treatment chamber.

3. The method for manufacturing an oxide semiconductor film according to

claim 1, wherein the target contains zinc oxide as a main component.

4. The method for manufacturing an oxide semiconductor film according to

claim 1, wherein the metal oxide as the target is a metal oxide containing indium,

gallium, and zinc.

5. A method for manufacturing an oxide semiconductor film, comprising the

steps of:

heating a substrate at lower than 400 °C;

introducing a sputtering gas from which hydrogen and moisture are removed

into a treatment chamber while moisture remaining in the treatment chamber is

removed; and

forming an oxide semiconductor film over the substrate by a metal oxide as a



target,

wherein the substrate is held in the treatment chamber kept in a

reduced-pressure state, and

wherein a concentration of hydrogen in the oxide semiconductor film is lower

than or equal to 5 x 1019 /cm3.

6. The method for manufacturing an oxide semiconductor film according to

claim 5, wherein the moisture remaining in the treatment chamber is removed by

evacuation with use of a cryopump evacuating the treatment chamber.

7. The method for manufacturing an oxide semiconductor film according to

claim 5, wherein the target contains zinc oxide as a main component.

8. The method for manufacturing an oxide semiconductor film according to

claim 5, wherein the metal oxide as the target is a metal oxide containing indium,

gallium, and zinc.

9. A method for manufacturing a semiconductor device, comprising the steps

of:

introducing a substrate over which a gate electrode and a gate insulating film

are formed into a first treatment chamber;

heating the substrate at lower than 400 °C;

introducing a sputtering gas from which hydrogen and moisture are removed

while moisture remaining in the first treatment chamber is removed;

forming an oxide semiconductor film over the gate electrode with the gate

insulating film therebetween by a metal oxide which is provided in the first treatment

chamber and contains at least zinc oxide as a target;

forming a source electrode and a drain electrode over the oxide semiconductor

film;

introducing the substrate into a second treatment chamber;

keeping a temperature of the substrate lower than 100 °C;



introducing a sputtering gas including oxygen from which hydrogen and

moisture are removed while moisture remaining in the second treatment chamber is

removed;

forming a silicon oxide film including a defect over the substrate by a silicon

semiconductor target which is provided in the second treatment chamber;

introducing the substrate over which the silicon oxide film is formed into a

third treatment chamber;

heating the substrate at 200 °C to 400 °C to diffuse hydrogen or moisture

included in the oxide semiconductor film into the silicon oxide film including the

defect; and

forming a silicon nitride film over the silicon oxide film.

10. The method for manufacturing a semiconductor device according to claim 9,

wherein the moisture remaining in the first treatment chamber is removed by evacuation

with use of a cryopump evacuating the first treatment chamber.

11. The method for manufacturing a semiconductor device according to claim 9,

wherein the moisture remaining in the first treatment chamber and the moisture

remaining in the second treatment chamber are removed by evacuation with use of a

cryopump evacuating the first treatment chamber and the second treatment chamber.

12. The method for manufacturing a semiconductor device according to claim 9,

wherein the metal oxide as the target contains zinc oxide as a main component.

13. The method for manufacturing a semiconductor device according to claim 9,

wherein the metal oxide as the target is a metal oxide containing indium, gallium, and

zinc.
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