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DESCRIPTION

SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURINGTHE

SAME

TECHNICAL FIELD

[0001]

The present invention relates to a semiconductor device which has a

semiconductor element using an oxide semiconductor and a manufacturing method of

the semiconductor device.

BACKGROUND ART

[0002]

A technique of forming a thin film transistor (TFT) by using a thin

semiconductor film formed at a relatively low temperature over a substrate having an

insulating surface has attracted attention. A thin film transistor is used for a display

device typified by a liquid crystal television. A silicon-based semiconductor material

is known as a material for a semiconductor thin film applicable to a thin film transistor.

Other than a silicon-based semiconductor material, an oxide semiconductor has

attracted attention.

[0003]

As a material for the oxide semiconductor, zinc oxide and a material containing

zinc oxide as its component are known. Further, a thin film transistor formed using an

amorphous oxide (an oxide semiconductor) having an electron carrier density lower

than 1018 cm 3 is disclosed (Patent Documents 1 to 3).
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DISCLOSURE OF INVENTION

[0005]

In the case of a transistor used in a semiconductor device for high power

application, characteristics such as high withstand voltage, high conversion efficiency,

and high-speed switching are needed. Silicon is used for a semiconductor material of

such a semiconductor device; however, from the above-described point of view, a novel

semiconductor material which can further improve the characteristics is required.

[0006]

As an example of a semiconductor material which can improve the above

characteristics, silicon carbide can be given. Since silicon carbide has a small

interatomic distance of approximately 0.18 nra in a Si-C bond, a high bond energy, and

a large band gap which is about three times that of silicon, it is known that silicon

carbide is advantageous in increasing the withstand voltage of a semiconductor device,

reducing a loss of electric power, and the like.

[0007]

However, it is difficult to melt silicon carbide because of its characteristics;

therefore, silicon carbide cannot be manufactured by a method having high productivity

such as a Czochralski (CZ) method or the like which is used for manufacturing a silicon

wafer. Moreover, there is also a problem in that silicon carbide has defects called

micropipes. Because of these problems, commercialization of a semiconductor device

using silicon carbide is delayed.

[0008]

In view of the foregoing problems, an object of one embodiment of the

disclosed invention is to provide a semiconductor device for high power application in

which a novel semiconductor material having high productivity is used. Another

object of one embodiment of the disclosed invention is to provide a semiconductor

device having a novel structure in which a novel semiconductor material is used.

[0009]

In one embodiment of the present invention, a first oxide semiconductor film is

formed over a first electrode which is formed over a substrate; then, crystal growth is

caused from a surface to the inside portion of the first oxide semiconductor film by

performing heat treatment at a temperature higher than or equal to 450 °C and lower



than or equal to 850 °C, preferably higher than or equal to 550 °C and lower than or

equal to 750 °C so that a first oxide semiconductor film having crystallinity which is in

contact with the first electrode is formed; and a second oxide semiconductor film having

crystallinity is stacked over the first oxide semiconductor film having crystallinity.

Note that each of the first oxide semiconductor films having crystallinity and the second

oxide semiconductor film having crystallinity has a flat-plate-shaped polycrystalline

region having uniform crystal alignment on the surface thereof. The flat-plate-shaped

polycrystalline region is c-axis aligned in a direction perpendicular to the surface of the

first oxide semiconductor film having crystallinity and the second oxide semiconductor

film having crystallinity. Note that elements which are adjacent to each other in the

a-b plane are of the same kind. The c-axis direction of each of the first oxide

semiconductor film having crystallinity and the second oxide semiconductor film

corresponds to the direction perpendicular to the surface.

[0010]

The second oxide semiconductor film having crystallinity can be formed in the

following manner: a second oxide semiconductor film is formed over the first oxide

semiconductor film having crystallinity; arid then, heat treatment at a temperature higher

than or equal to 450 °C and lower than or equal to 850 °C, preferably higher than or

equal to 550 °C and lower than or equal to 750 °C is performed so that crystal growth is

caused toward the surface of the second oxide semiconductor film which is in an upper

level than the surface of the first oxide semiconductor film having crystallinity. That is,

the first oxide semiconductor film having crystallinity has a function of a seed crystal

for the second oxide semiconductor film.

[0011]

Further, the second oxide semiconductor film having crystallinity is deposited

over the first oxide semiconductor film having crystallinity while heating is performed

at a temperature higher than or equal to 200 °C and lower than or equal to 550 °C.

Typically, deposition is performed by a sputtering method, so that epitaxial growth or

axial growth from the surface of the first oxide semiconductor film having crystallinity

is caused and the second oxide semiconductor film having crystallinity is formed.

That is, the first oxide semiconductor film having crystallinity has a function of a seed



crystal for the second oxide semiconductor film.

[0012]

Since the crystal growth is caused with the use of the first oxide semiconductor

film having crystallinity as a seed crystal, the second oxide semiconductor film having

crystallinity has substantially the same crystal alignment as the first oxide

semiconductor film having crystallinity.

[0013]

After that, the first and second oxide semiconductor films are etched to have an

island shape; a second electrode is formed over the second oxide semiconductor film;

and a gate insulating film and a third electrode functioning as a gate electrode are

formed, whereby a vertical transistor, a vertical diode, or the like can be manufactured

as a semiconductor element. Note that the first electrode functions as one of a source

electrode and a drain electrode and the second electrode functions as the other of the

source electrode and the drain electrode.

[0014]

The heat treatment (first heat treatment) for forming the first oxide

semiconductor film having crystallinity and the heat treatment (second heat treatment)

for forming the second oxide semiconductor film having crystallinity are preferably

performed in an atmosphere containing almost no hydrogen and moisture (e.g., a

nitrogen atmosphere, an oxygen atmosphere, or a dry-air atmosphere). By the first

heat treatment and the second heat treatment, dehydration or dehydrogenation by which

H, OH, H20 , or the like is eliminated from the first oxide semiconductor film is

performed, whereby the first oxide semiconductor film having crystallinity and the

second oxide semiconductor film having crystallinity can be highly purified. In

addition, the first heat treatment and the second heat treatment can be performed in the

following manner: the temperature is increased in an inert gas atmosphere and then the

atmosphere is switched to an atmosphere containing oxygen. In the case where the

heat treatment is performed in the oxygen atmosphere, the oxide semiconductor film is

oxidized, whereby an oxygen deficiency can be repaired. Even when measurement

using thermal desorption spectroscopy (also referred to as TDS) at up to 450 °C is

performed on the first oxide semiconductor film having crystallinity subjected to the



first heat treatment, at least a peak at around 300 °C of two peaks of water is not

detected.

[0015]

Note that in the case where the first oxide semiconductor film having

crystallinity and the second oxide semiconductor film having crystallinity contain In, in

their flat-plate-shaped polycrystalline region, mobility is increased because electron

clouds of In overlap with each other to be connected to each other. Therefore, high

field-effect mobility can be realized in a transistor which includes an oxide

semiconductor film having a polycrystalline region in a channel.

[0016]

There is no particular limitation on a material of the first oxide semiconductor

film having crystallinity and that of the second oxide semiconductor film having

crystallinity and different materials may be used or materials that contain the same

components may be used as long as a polycrystalline region which is c-axis aligned in a

direction perpendicular to the surface can be obtained. Note that when different

materials are used, heteroepitaxial growth is caused and a heterospitaxial structure is

obtained.

[0017]

When an oxide semiconductor material used for forming the first oxide

semiconductor film having crystallinity and that used for forming the second oxide

semiconductor film having crystallinity contain the same main components, a boundary

between the first oxide semiconductor film having crystallinity and second oxide

semiconductor film having crystallinity may become unclear and a substantially

single-layer structure may be obtained. Note that when materials that contain the same

components are used, homoepitaxial growth is caused and a homoepitaxial structure is

obtained.

[0018]

Note that since a polycrystalline region having uniform crystal alignment

which is formed at the surface of the first oxide semiconductor film having crystallinity

grows in a depth direction from the surface, the first oxide semiconductor film can be

formed without being affected by a base member of the first oxide semiconductor film

having crystallinity in the case where the first oxide semiconductor film is amorphous



just after being deposited.

[0019]

A vertical transistor and a vertical diode each of which is one embodiment of

the present invention have a stacked body of an oxide semiconductor in which the first

oxide semiconductor film having crystallinity and the second oxide semiconductor film

having crystallinity are stacked. An impurity serving as an electron donor (donor)

which is contained in the stacked body of an oxide semiconductor is removed in a step

of the crystal growth; therefore, the stacked body of an oxide semiconductor is highly

purified and is formed using an intrinsic semiconductor or a substantially intrinsic

semiconductor whose carrier density is low. In addition, the stacked body of an oxide

semiconductor has a wider band gap than a silicon semiconductor.

[0020]

In the highly purified stacked body of an oxide semiconductor, hydrogen

concentration is lower than or equal to 1 x 1018 cm- 3, preferably lower than or equal to 1

x 10 16 cm- 3, more preferably substantially 0; carrier density is lower than 1 x 1012 cm- 3,

preferably lower than 1.45 x 1010 cm- 3, which is lower than the lower limit of

measurement; and a band gap is greater than or equal to 2 eV, preferably greater than or

equal to 2.5 eV, more preferably, greater than or equal to 3 eV.

[0021]

By using such a highly purified stacked body of an oxide semiconductor in a

channel formation region of a transistor, a channel can be formed not only at a surface

of the stacked body of an oxide semiconductor which is in contact with a gate insulating

film but also the inside portion of the stacked body of an oxide semiconductor, i.e., a

channel can be formed in the whole stacked body of an oxide semiconductor; thus, a

large amount of current can flow in the transistor in an on state. When the transistor is

in an off state, a depletion layer spreads to a deeper region inside the stacked body of an

oxide semiconductor, whereby off-state current that is current flowing in a transistor in

an off state can be reduced. Further, withstand voltage becomes higher and hot-carrier

degradation is suppressed so that a semiconductor device for high power application to

which a high voltage is applied can be manufactured.

[0022]



By using such a highly purified stacked body of an oxide semiconductor in a

diode, the diode has high rectification property.

[0023]

Note that a transistor according to one embodiment of the present invention

includes an insulated-gate field-effect transistor (IGFET) and a power MOSFET in its

category.

[0024]

According to one embodiment of the present invention, by using an oxide

semiconductor film in which hydrogen concentration is reduced and the purity is

increased and which has a polycrystalline region, a transistor and a diode can operate

favorably. In a transistor, particularly, withstand voltage can be higher, a short channel

effect can be reduced, and a high on-off ratio can be obtained. Therefore, a

semiconductor device for high power application can be manufactured by using this

transistor.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

In the accompanying drawings:

FIGS. 1A and IB are a top view and a cross-sectional view illustrating a

transistor;

FIG 2 is a longitudinal cross-sectional view of a vertical transistor using an

oxide semiconductor;

FIGS. 3A and 3B are energy band diagrams (schematic diagrams) of a cross

section taken along line A-A' in FIG 2;

FIG 4 is a diagram illustrating a relation between a vacuum level and a work

function ( ) of metal and a relation between the vacuum level and an electron affinity

(χ ) of an oxide semiconductor;

FIG 5 is an energy band diagram (a schematic diagram) of a cross section

taken along line B-B' in FIG 2;

FIG 6A illustrates a state where a positive potential (+VG) is applied to a gate

(GE1), and FIG 6B illustrates a state where a negative potential (-Vc) is applied to the



gate (GE1);

FIGS. 7A and 7B are a top view and a cross-sectional view illustrating a

transistor;

FIGS. 8A and 8B are cross-sectional views each illustrating a diode;

FIGS. 9A to 9E are cross-sectional views illustrating a method for

manufacturing a transistor;

FIGS. 10A to IOC are cross-sectional views illustrating the method for

manufacturing the transistor;

FIGS. 11A and 11B are cross-sectional views illustrating the method for

manufacturing the transistor;

FIGS. 12A to 12C are cross-sectional views illustrating the method for

manufacturing the transistor;

FIGS. 13A to 13C are cross-sectional views illustrating a method for

manufacturing a transistor;

FIGS. 14A and 14B are cross-sectional views illustrating a method for

manufacturing a transistor;

FIGS. 15A to 15C are cross-sectional views illustrating a method for

manufacturing a transistor;

FIGS. 16A to 16C are cross-sectional views illustrating a method for

manufacturing a transistor;

FIGS. 17A and 17B are cross-sectional views illustrating a method for

manufacturing a transistor;

FIG. 18 is a diagram illustrating an example of a photovoltaic system;

FIGS. 19A and 19B are a TEM photograph and a schematic diagram of a cross

section of an oxide semiconductor film; and

FIGS. 20A and 20B are a TEM photograph and a schematic diagram of a cross

section of an oxide semiconductor film.

BEST MODE FOR CARRYING OUT THE INVENTION

[0026]

Embodiments of the present invention will be described below with reference

to the accompanying drawings. However, the present invention is not limited to the



description below, and it is easily understood by those skilled in the art that modes and

details disclosed herein can be modified in various ways without departing from the

spirit and scope of the present invention. Therefore, the present invention should not

be interpreted as being limited to description in the embodiments below. Note that in

structures of the present invention described hereinafter, like portions or portions having

similar functions are denoted by the same reference numerals in different drawings, and

description thereof is not repeated.

[0027]

Note that in each drawing described in this specification, the size of each

component or the thickness of each layer or an area is exaggerated in some cases for

clarification. Therefore, embodiments of the present invention are not limited to such

scales.

[0028]

Note that the numeral terms such as "first", "second", and "third" in this

specification are used in order to avoid confusion between components and do not set a

limitation on number. Therefore, for example, the term "first" can be replaced with the

term "second", "third", or the like as appropriate.

[0029]

Note that "voltage" indicates a difference between potentials of two points, and

"potential" indicates electrostatic energy (electrical potential energy) of a unit charge at

a given point in an electrostatic field. Note that in general, a difference between

potential of one point and a reference potential is merely called potential or voltage, and

potential and voltage are used as synonymous words in many cases. Thus, in this

specification, potential may be rephrased as voltage and voltage may be rephrased as

potential unless otherwise specified.

[0030]

[Embodiment 1]

In this embodiment, a structure of a transistor, which is an embodiment of a

semiconductor element, will be described with reference to FIGS. 1A and IB.

[0031]

FIG 1A is a top view of a transistor 145, and FIG. I B corresponds to a



cross-sectional view taken along dashed line A-B in FIG 1A.

[0032]

As illustrated in FIG IB, a first electrode 105, an oxide semiconductor film

107 which has a polycrystalline region, and a second electrode 109 are stacked over an

insulating film 103 formed over a substrate 101. Note that the second electrode 109 is

stacked over and in contact with the entire top surface of the oxide semiconductor film

107. A gate insulating film 111 is provided so as to cover the first electrode 105, the

oxide semiconductor film 107, and the second electrode 109. Over the gate insulating

film 111, a third electrode 113 facing at least a side surface of the oxide semiconductor

film is provided. An insulating film 117 functioning as an interlayer insulating film is

provided over the gate insulating film 111 and the third electrode 113. Openings are

formed in the insulating film 117, and a wiring 131 (see FIG. 1A) connected through the

opening to the first electrode 105, a wiring 129 connected through the opening to the

second electrode 109, and a wiring 125 connected through the opening to the third

electrode 113 are formed. Note that in this specification a top surface of a film means

a surface out of a pair of surfaces parallel to the substrate 101 which is far from the

substrate 101.

[0033]

The first electrode 105 functions as one of a source electrode and a drain

electrode of the transistor 145. The second electrode 109 functions as the other of the

source electrode and the drain electrode of the transistor 145. The third electrode 113

functions as a gate electrode of the transistor 145.

[0034]

In this embodiment, the oxide semiconductor film 107 has crystallinity and has

a flat-plate-shaped polycrystalline region in which crystal alignment is uniform at a

surface thereof. That is, the polycrystalline region of the oxide semiconductor film

107 has the a-b plane which is parallel to the surface and is c-axis aligned in a direction

perpendicular to the surface. In other words, the c-axis direction of the oxide

semiconductor film 107 corresponds to the direction perpendicular to the surface.

Note that elements which are adjacent to each other in the a-b plane are of the same

kind. Note that the flat-plate-shaped polycrystalline region is a region which has a

plurality of single crystal regions in each of which c-axis is aligned in the direction



perpendicular to the surface.

[0035]

In the polycrystalline region, electron clouds of In overlap with each other to

be connected to each other, whereby electrical conductivity σ is improved. Therefore,

high field-effect mobility can be realized in a transistor which includes an oxide

semiconductor film having a polycrystalline region.

[0036]

The oxide semiconductor film 107 is formed using metal oxide and any one of

the following metal oxide films can be used: a four-component metal oxide film such as

an In-Sn-Ga-Zn-0 film; a three-component metal oxide film such as an In-Ga-Zn-O

film, an In-Sn-Zn-O film, an In-Al-Zn-0 film, a Sn-Ga-Zn-0 film, an Al-Ga-Zn-0 film,

and a Sn-Al-Zn-0 film; a two-component metal oxide film such as an In-Zn-0 film, a

Sn-Zn-0 film, an Al-Zn-0 film, a Zn-Mg-0 film, a Sn-Mg-0 film, and an In-Mg-0

film; an In-0 film; a Sn-0 film; and a Zn-0 film.

[0037]

For the oxide semiconductor film 107, a material expressed by InM0 3(ZnO)

m > 0) can be used. Here, M represents one or more metal elements selected from Ga,

Al, Mn, and Co. For example, M can be Ga, Ga and Al, Ga and Mn, Ga and Co, or the

like.

[0038]

Note also that the oxide semiconductor film 107 may be formed using an oxide

semiconductor material represented by In-A-B-O. Here, A represents one or more

kinds of elements selected from Group 13 elements such as gallium (Ga) and aluminum

(Al), Group 14 elements such as silicon (Si) and germanium (Ge), and the like. B

represents one or more kinds of elements selected from Group 12 elements such as zinc

(Zn). It is to be noted that values of an In content, an A content, and a B content are

arbitrary. The value of the A content may be 0. On the other hand, the value of the In

content and that of the B content are not 0. In other words, the above expression may

represent In-Ga-Zn-O, In-Zn-O, and the like.

[0039]

In the case where the oxide semiconductor film 107 has a crystal structure



represented by In Ga Zn0 7, or InGaZn0 4, it can be understood that the oxide

semiconductor film 107 contains any of In, Ga, and Zn and has a stacked-layer structure

of layers parallel to the a-axis and b-axis. Since electrical conductivity of the crystals

of InGaZn0 4 or In2Ga2Zn0 7 are controlled mainly by In, electrical characteristics of a

layer containing In which are related to a direction parallel to the a-axis and b-axis are

preferable. In the crystals of InGaZn0 4 or In2Ga2Zn0 , electron clouds of In overlap

with each other to be connected to each other so that a carrier path is formed.

[0040]

In other words, crystallization is caused more easily in the a-b plane direction

than in the c-axis direction. Further, in the flat-plate-shaped polycrystalline region, the

a-b planes of the single crystal regions become parallel to the surface. In addition, a

free space is located above the surface of the oxide semiconductor film 107, in which

crystals do not grow upward. These can be inferred from the fact that when an

In-Ga-Zn-0 film as the oxide semiconductor film 107 was measured with thermal

desorption spectroscopy (TDS) while the temperature was increased to 450 °C, peaks of

In and Ga were not detected but a peak of zinc was detected in a vacuum heating

condition, particularly at around 300 °C. Note that the TDS measurement was

performed in a vacuum and it was observed that elimination of zinc was detected from

around 200 °C.

[0041]

A conventional oxide semiconductor is generally an n-type semiconductor and

current tends to flow between source and drain electrodes even when a gate voltage is 0

V in a transistor using an oxide semiconductor; that is, the transistor tends to be

normally on. In the case where the transistor is normally on, it is difficult to control

the circuit even when the field-effect mobility is high. Note that it is known that some

hydrogen is a donor in an oxide semiconductor and is one factor causing an oxide

semiconductor to be an n-type semiconductor. It is also known that some oxygen

deficiency is a donor and is another factor causing an oxide semiconductor to be an

n-type semiconductor.

[0042]

Therefore, in order to make the oxide semiconductor film be an i-type oxide



semiconductor film, the oxide semiconductor film is highly purified by removing

hydrogen that is an n-type impurity from the oxide semiconductor film so as to contain

an impurity that is not a main component of the oxide semiconductor film as little as

possible and is made intrinsic (i-type) or substantially intrinsic by removing oxygen

deficiency. In other words, a feature of one embodiment of the present invention is

that a highly purified i-type (intrinsic) semiconductor, or a semiconductor close thereto,

is obtained not by adding an impurity but by removing an impurity such as hydrogen or

water or oxygen deficiency as much as possible. By highly purifying the oxide

semiconductor film, the threshold voltage of the transistor can be positive and a

so-called normally-off switching element can be obtained.

[0043]

The hydrogen concentration in the oxide semiconductor film 107 here is lower

than or equal to 1 x 10 18 cm- 3, preferably lower than or equal to 1 x 10 16 cm- 3, more

preferably substantially 0. The carrier density of the oxide semiconductor film 107 is

lower than 1 x 10 12 cm- 3, preferably lower than 1.45 x 10 10 cm- 3, which is lower than

the lower limit of measurement. That is, the carrier density of the oxide

semiconductor film is as close to zero as possible. A band gap is greater than or equal

to 2 eV, preferably greater than or equal to 2.5 eV, more preferably greater than or equal

to 3 eV. Note that the hydrogen concentration in the oxide semiconductor film can be

measured by secondary ion mass spectrometry (SIMS). The carrier density can be

measured by the Hall effect measurement. Lower carrier density can be calculated

with the use of measurement results of capacitance-voltage (CV) measurement and

Formula 1.

[0044]

[Formula 1]

[0045]

The thickness of the oxide semiconductor film 107 is greater than or equal to 1

µπ , preferably greater than or equal to 3 µπι , more preferably greater than or equal to

10 µπ , in which case a semiconductor device for high power application can be

manufactured.



[0046]

In this embodiment, the third electrode 113 functioning as the gate electrode

has a ring shape. When the third electrode 113 functioning as the gate electrode has a

ring shape, the channel width of the transistor can be increased. In the transistor of

this embodiment, the channel length L means the thickness of the oxide semiconductor

film and the channel width W is a length of an end portion of the oxide semiconductor

film that is in contact with the first electrode or the second electrode. Note that in this

embodiment, the length of the end portion of the oxide semiconductor film that is in

contact with one of the first electrode and the second electrode which has a larger area

than the other is W . In this embodiment, since the shape of the top surface of the oxide

semiconductor film of the transistor is a rectangle with a side W \ and a side , the

channel width is the sum of 2 W and 2 2. Note that in the case where the shape of

the top surface of the oxide semiconductor film of the transistor is circular, the channel

width W is 2 where r is a radius of the circle.

[0047]

The transistor of this embodiment has large on-state current because the oxide

semiconductor film included therein has the polycrystalline region so that the whole

oxide semiconductor film functions as a channel in an on state and more carriers transfer.

Further, in the transistor of this embodiment, the intrinsic carrier density is extremely

low and thus the maximum width of a depletion layer is extremely large, and the

depletion layer spreads inside the oxide semiconductor film in an off state and off-state

current is reduced. In other words, a high on-off ratio can be obtained in the transistor.

[0048]

Note that a transistor is an element having at least three terminals: a gate, a

drain, and a source. The transistor has a channel formation region between a drain

region and a source region, and current can flow through the drain region, the channel

formation region, and the source region. Here, since the source and the drain of the

transistor are interchangeable depending on a structure, operating conditions, and the

like of the transistor, it is difficult to define which is a source or a drain. Thus, a region

which serves as a source and a drain is not referred to as a source or a drain in some

cases. In such a case, one of the source and the drain may be referred to as a first

terminal and the other thereof may be referred to as a second terminal, for example.



Alternatively, one of the source and the drain may be referred to as a first electrode and

the other thereof may be referred to as a second electrode. Alternatively, one of the

source and the drain may be referred to as a first region and the other of the source and

the drain may be referred to as a second region.

[0049]

It is necessary that the substrate 101 have at least enough heat resistance to

withstand heat treatment to be performed later. As the substrate 101, a glass substrate

of barium borosilicate glass, aluminoborosilicate glass, or the like can be used.

[0050]

As the glass substrate, in the case where the temperature of the heat treatment

to be performed later is high, the one whose strain point is higher than or equal to

730 °C is preferably used. As the glass substrate, a glass material such as

aluminosilicate glass, aluminoborosilicate glass, or barium borosilicate glass is used, for

example. Note that a glass substrate containing BaO and B20 3 so that the amount of

BaO is larger than that of B 0 3 is preferably used.

[0051]

Note that, instead of the glass substrate described above, a substrate formed

using an insulator, such as a ceramic substrate, a quartz substrate, or a sapphire substrate,

may be used. Alternatively, crystallized glass or the like may be used.

[0052]

The insulating film 103 is formed using an oxide insulating film such as a

silicon oxide film or a silicon oxynitride film; or a nitride insulating film such as a

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

aluminum nitride oxide film. In addition, the insulating film 103 may have a

stacked-layer structure, for example, a stacked-layer structure in which one or more of

the nitride insulating films and one or more of the oxide insulating films are stacked in

that order over the substrate 101. The thickness of the insulating film 103 is preferably

greater than or equal to 100 nm and less than or equal to 2 µη .

[0053]

The first electrode 105 and the second electrode 109 are formed using a metal

element selected from aluminum, chromium, copper, tantalum, titanium, molybdenum,



tungsten, and yttrium; an alloy containing any of these metal elements as a component;

an alloy containing these metal elements in combination; or the like. Alternatively,

one or more metal elements selected from manganese, magnesium, zirconium,

beryllium, and thorium can be used. In addition, the first electrode 105 can have a

single-layer structure or a stacked-layer structure having two or more layers. For

example, a single-layer structure of an aluminum film containing silicon, a two-layer

structure in which a titanium film is stacked over an aluminum film, a two-layer

structure in which a titanium film is stacked over a tungsten film, a three-layer structure

in which a titanium film, an aluminum film, and a titanium film are stacked in this order,

and the like can be given. Alternatively, a film, an alloy film, or a nitride film which

contains aluminum and one or more elements selected from titanium, tantalum, tungsten,

molybdenum, chromium, neodymium, and scandium may be used.

[0054]

The first electrode 105 and the second electrode 109 can be formed using a

light-transmitting conductive material such as indium tin oxide, indium oxide

containing tungsten oxide, indium zinc oxide containing tungsten oxide, indium oxide

containing titanium oxide, indium tin oxide containing titanium oxide, indium zinc

oxide, or indium tin oxide to which silicon oxide is added. It is also possible to have a

stacked-layer structure having a layer containing the above light-transmitting

conductive material and a layer containing the above metal element.

[0055]

The gate insulating film 111 can be formed to have a single-layer structure or a

stacked-layer structure having a silicon oxide film, a silicon nitride film, a silicon

oxynitride film, a silicon nitride oxide film, and/or an aluminum oxide film. A portion

of the gate insulating film 111 which is in contact with the oxide semiconductor film

107 preferably contains oxygen, and it is particularly preferable that the portion of the

gate insulating film 111 be formed using a silicon oxide film. By using a silicon oxide

film, oxygen can be supplied to the oxide semiconductor film 107 and favorable

characteristics can be obtained.

[0056]

The gate insulating film 111 is formed using a high-£ material such as hafnium

silicate (HfSiO*), hafnium silicate to which nitrogen is added (HfSi^O Nz), hafnium



aluminate to which nitrogen is added (HfA1^0 Nz), hafnium oxide, or yttrium oxide, so

that gate leakage current can be reduced. Further, a stacked-layer structure in which a

high-A: material and one or more of a silicon oxide film, a silicon nitride film, a silicon

oxynitride film, a silicon nitride oxide film, and an aluminum oxide film are stacked can

be used. The thickness of the gate insulating film 111 is preferably greater than or

equal to 50 nm and less than or equal to 500 nm. The large thickness of the gate

insulating film 111 makes it possible to reduce the gate leakage current.

[0057]

The third electrode 113 functioning as a gate electrode is formed using a metal

element selected from aluminum, chromium, copper, tantalum, titanium, molybdenum,

and tungsten; an alloy containing any of these metal elements as a component; an alloy

film containing these metal elements in combination; or the like. Further, one or more

metal elements selected from manganese, magnesium, zirconium, and beryllium may be

used. In addition, the third electrode 113 can have a single-layer structure or a

stacked-layer structure having two or more layers. For example, a single-layer

structure of an aluminum film containing silicon, a two-layer structure in which a

titanium film is stacked over an aluminum film, a two-layer structure in which a

titanium film is stacked over a titanium nitride film, a two-layer structure in which a

tungsten film is stacked over a titanium nitride film, a two-layer structure in which a

tungsten film is stacked over a tantalum nitride film, a three-layer structure in which a

titanium film, an aluminum film, and a titanium film are stacked in this order, and the

like can be given. Alternatively, a film, an alloy film, or a nitride film which contains

aluminum and one or a plurality of elements selected from titanium, tantalum, tungsten,

molybdenum, chromium, neodymium, and scandium may be used.

[0058]

The third electrode 113 functioning as the gate electrode can be formed using a

light-transmitting conductive material such as indium tin oxide, indium oxide

containing tungsten oxide, indium zinc oxide containing tungsten oxide, indium oxide

containing titanium oxide, indium tin oxide containing titanium oxide, indium zinc

oxide, or indium tin oxide to which silicon oxide is added. It is also possible to have a

stacked-layer structure formed using the above light-transmitting conductive material

and the above metal element.



[0059]

Next, operation of the transistor including the oxide semiconductor film 107

will be described with reference to energy band diagrams.

[0060]

FIG. 2 is a longitudinal cross-sectional view of a vertical transistor in which an

oxide semiconductor is used. An oxide semiconductor film (OS) is provided over a

drain electrode (D), and a source electrode (S) is provided over the oxide semiconductor

film (OS). A gate insulating film (GI) is provided over the drain electrode, the oxide

semiconductor film, and the source electrode, and a gate electrode (GEl) is provided

thereover.

[0061]

FIGS. 3A and 3B are energy band diagrams (schematic diagrams) of a cross

section taken along line A-A' in FIG 2. FIG. 3A illustrates the case where a voltage

applied to the source is equal to a voltage applied to the drain (KD = 0 V), and FIG 3B

illustrates the case where a positive potential with respect to the source is applied to the

drain ( D > 0) and a positive voltage is applied to the gate electrode (V > 0).

[0062]

FIG 5 is an energy band diagram (a schematic diagram) of a cross section

taken along line B-B' in FIG. 2 in the case where the gate voltage is 0 V. FIG 6A

illustrates a state where a positive potential (+KG) is applied to the gate (GEl), in other

words, a case where the transistor is in an on-state where carriers (electrons) flow

between the source and the drain. FIG. 6B illustrates a state where a negative potential

(- G) is applied to the gate (GEl), in other words, a case where the transistor is in an

off-state.

[0063]

FIG 4 illustrates a relation between a vacuum level and a work function ( M) of

metal and a relation between the vacuum level and an electron affinity (χ) of an oxide

semiconductor.

[0064]

Metal is degenerated and the Fermi level is located in the conduction band.

On the other hand, a conventional oxide semiconductor is typically an n-type



semiconductor, in which case the Fermi level (E ) is away from the intrinsic Fermi level

(E i) located in the middle of a band gap and is located closer to the conduction band.

Note that it is known that some hydrogen is a donor in an oxide semiconductor and is

one factor causing an oxide semiconductor to be an n-type semiconductor.

[0065]

On the other hand, an oxide semiconductor according to one embodiment of

the present invention is an intrinsic (i-type) semiconductor or a substantially intrinsic

semiconductor which is obtained by removing hydrogen that is an n-type impurity from

an oxide semiconductor and highly purifying the oxide semiconductor so that impurities

that are not main components of the oxide semiconductor are prevented from being

contained therein as much as possible. In other words, a feature of one embodiment of

the present invention is that a highly purified i-type semiconductor, or a semiconductor

close thereto, is obtained not by adding an impurity but by removing an impurity such

as hydrogen or water as much as possible. This enables the Fermi level (E F) to be at

the same level as the intrinsic Fermi level (E i).

[0066]

In the case where the band gap (E g) of an oxide semiconductor is 3.15 eV, the

electron affinity (χ ) is said to be 4.3 eV. The work function of titanium (Ti) contained

in the source electrode and the drain electrode is substantially equal to the electron

affinity (χ ) of the oxide semiconductor. In that case, a Schottky barrier for electrons is

not formed at an interface between the metal and the oxide semiconductor.

[0067]

That is, in the case where the work function of metal ( ) and the electron

affinity (χ ) of the oxide semiconductor are equal to each other and the metal and the

oxide semiconductor are in contact with each other, an energy band diagram (a

schematic diagram) as illustrated in FIG. 3A is obtained.

[0068]

In FIG 3B, a black circle (·) represents an electron, and when a positive

potential is applied to the drain, the electron is injected into the oxide semiconductor

over the barrier (h) and flows toward the drain. In that case, the height of the barrier

(A) changes depending on the gate voltage and the drain voltage; in the case where a



positive drain voltage is applied, the height of the barrier (h) is smaller than the height

of the barrier in FIG 3A where no voltage is applied, i.e., 1/2 of the band gap (E g).

[0069]

The thickness of the oxide semiconductor film is greater than or equal to 1 µπ ,

preferably greater than or equal to 3 µπ , more preferably greater than or equal to 10 µπ ,

and the carrier density is low. Thus, in the state where a positive potential (+VG) is

applied to the gate (GE1), as illustrated in FIG 6A, the degree of curve of the band at a

surface of the oxide semiconductor layer is small, the lower end of the conduction band

approaches the Fermi level, and the entire oxide semiconductor film is stable in terms of

energy. Therefore, electrons flow more easily not only in the vicinity of the gate

insulating film but also in the entire region of the oxide semiconductor; as a result, a

channel is formed in the entire region of the oxide semiconductor and a larger amount

of current can flow. On the other hand, off-state current, i.e., current which flows in

the state where a negative potential G) s applied to the gate (GE1), is made to flow

by generation and recombination of electrons and holes through direct recombination or

indirect recombination; however, since an oxide semiconductor has a wide band gap and

a large amount of thermal energy is needed for electronic excitation, direct

recombination and indirect recombination are less likely to occur. Thus, in the state

where a negative potential - V G) is applied to the gate (GE1), since the number of holes

that are minority carriers is substantially zero, direct recombination and indirect

recombination are less likely to occur and the amount of current is extremely small; as a

result, the value of current in a channel per unit area is lower than or equal to 100

aA/µπ , preferably lower than or equal to 10 aA µπ , more preferably lower than or

equal to 1 aA/µπι , which is close to zero.

[0070]

Next, the intrinsic carrier density of the oxide semiconductor will be described.

[0071]

The intrinsic carrier density «, contained in a semiconductor is calculated by

approximation of Fermi-Dirac distribution in accordance with Fermi-Dirac statics by

the Boltzmann distribution formula (see Formula 2).

[0072]



[Formula 2

[0073]

The intrinsic carrier density ni obtained by the approximate expression is a

relational expression of effective density of states in a conduction band NQ, effective

density of states in a valence band N V , and a band gap E G. From Formula 2, the

intrinsic carrier density of silicon is 1.45 x 10 10 cm 3, and the intrinsic carrier density

«i of an oxide semiconductor (an In-Ga-Zn-0 film here) is 1.2 x l O- 7 cm- 3; that is, the

carrier density of silicon is 10 times that of an oxide semiconductor. In other words,

it is found that the intrinsic carrier density of an oxide semiconductor is extremely low

as compared with that of silicon.

[0074]

Next, the width of a depletion layer and the Debye length in the case where a

negative potential (- KG) is applied to the gate (GE1) will be described below.

[0075]

When voltage is applied to a MOS transistor formed using a semiconductor

having a donor density N D, an insulator, and a metal, the maximum width of a depletion

layer T A formed in the semiconductor can be calculated by Formula 3.

[0076]

Formula 3]

[0077]

The maximum width of a depletion layer can be expressed as a functional of

the donor density and a Fermi potential, and the Fermi potential can be calculated by

Formula 4.

[0078]

[Formula 4]



[0079]

The Debye length of the MOS transistor can be calculated by Formula 5.

[0080]

Formula 5]

[0081]

Note that , , N , q , k , and T respectively represent dielectric constant of an

oxide semiconductor, permittivity of a vacuum, donor density, elementary electric

charge, Boltzmann constant, and temperature.

[0082]

The maximum width of a depletion layer and the Debye length of a MOS

transistor using silicon and the maximum width of a depletion layer and the Debye

length of a MOS transistor using an oxide semiconductor was calculated, where n,

(intrinsic carrier density) of silicon, s thereof, «,· of the oxide semiconductor, and s

thereof are respectively set to 1.45 x 10 10 cm- 3, 11.9, 1.2 x 10~7 cm 3, and 10. Each of

the transistors here used for the calculation has a horizontal MOS transistor structure in

which a channel is formed in parallel to a surface of a substrate. Note that the

maximum width of the depletion layer here corresponds to the width of the depletion

layer that spreads perpendicular to the substrate. Note also that a depletion layer in a

vertical MOS transistor spreads in a manner similar to that of the depletion layer in the

horizontal MOS transistor.

[0083]

When silicon is used, the donor density corresponds to density of impurities (P).

When an oxide semiconductor is used, oxygen deficiency and hydrogen contribute to

formation of donors.

[0084]

As the donor density is decreased, the maximum width of a depletion layer

calculated by Formula 4 is increased and the Debye length calculated by Formula 5 is

increased. It is also found that the maximum width of a depletion layer T MAX

depends on the intrinsic carrier density n and that the depletion layer spreads more



when the oxide semiconductor having lower n is used than when silicon is used.

Further, as the donor density (N d) is decreased, the Debye length is increased and the

depletion layer spreads in the whole oxide semiconductor. Typically, when the donor

3 18 ~3density is from 1 x 10 cm to 1 x 10 cm , the maximum width of a depletion layer

in an oxide semiconductor and silicon is on the order of submicrons or several tens of

micrometers and the Debye length in the oxide semiconductor and silicon is from

several nanometers to several micrometers. It is also found that, when the donor

5 —3 1 - 3density ranges from 1 x 10 cm to 1 x 10 cm , the maximum width of a depletion

layer in the oxide semiconductor is drastically increased from several tens micrometers

to several thousands of micrometers, the Debye length is drastically increased from

several micrometers to several hundreds of micrometers, and the depletion layer spreads

in the whole oxide semiconductor.

[0085]

From the above, since the oxide semiconductor has a wide band gap and a low

intrinsic carrier density, the maximum width of a depletion layer and the Debye length

are increased, and the depletion layer spreads in the entire region of the oxide

semiconductor in an off-state; as a result, the off-state current can be reduced to a value

as close to zero as possible.

[0086]

By highly purifying the oxide semiconductor to make an intrinsic (i-type)

semiconductor or a substantially intrinsic semiconductor so that impurities that are not

main components of the oxide semiconductor are not contained as much as possible, the

interface characteristics with a gate insulating film become obvious. Therefore, the

gate insulating film is preferably formed using a material that can form a favorable

interface with the oxide semiconductor. For example, it is preferable to use a dense

insulating film formed by a CVD method using high-density plasma generated with a

power supply frequency in the range of the VHF band to the microwave band, or an

insulating film formed by a sputtering method. Further, in order to obtain a favorable

interface between the gate insulating film and a gate electrode, on a surface of the gate

insulating film, a dense insulating film formed by a CVD method using high-density

plasma generated with a power supply frequency in the range of the VHF band to the



microwave band may be formed.

[0087]

By highly purifying an oxide semiconductor in this manner so that impurities

that are not main components of the oxide semiconductor are not contained as much as

possible, a transistor with high on-state current, a low off-state current, a high on/off

ratio, and favorable operation characteristics can be manufactured. Further, fluctuation

in on-state current, field-effect mobility, and a threshold voltage due to temperature

change is extremely small.

[0088]

Here, the drain withstand voltage of a transistor using an oxide semiconductor

will be described.

[0089]

When the electric field in the semiconductor reaches a certain threshold value,

impact ionization occurs, carriers accelerated by the high electric field impact crystal

lattices in a depletion layer, thereby generating pairs of electrons and holes. When the

electric field becomes even higher, the pairs of electrons and holes generated by the

impact ionization are further accelerated by the electric field, and the impact ionization

is repeated, resulting in an avalanche breakdown in which current is increased

exponentially. The impact ionization occurs because carriers (electrons and holes)

have kinetic energy that is larger than or equal to the band gap of the semiconductor.

The impact ionization coefficient that shows probability of impact ionization has

correlation with the band gap. It is known that the impact ionization is unlikely to

occur as the band gap is increased.

[0090]

Since the band gap of the oxide semiconductor is 3.15 eV, which is larger than

the band gap of silicon, 1.12 eV, the avalanche breakdown is expected to be unlikely to

occur. Therefore, a transistor using the oxide semiconductor has a high drain

withstand voltage, and an exponential sudden increase of on-state current is expected to

be unlikely to occur when a high electric field is applied.

[0091]

Next, hot-carrier degradation of a transistor using an oxide semiconductor will

be described.



[0092]

The hot-carrier degradation means a phenomenon that electrons that are

accelerated to be rapid become a fixed charge by being injected in a gate oxide film in

the vicinity of a drain in a channel or form a trap level at the interface between the gate

insulating film and the oxide semiconductor film. The factors of the hot-carrier

degradation are channel-hot-electron injection (CHE injection) and

drain-avalanche-hot-carrier injection (DAHC injection).

[0093]

Since the band gap of silicon is narrow, electrons are likely to be generated like

an avalanche owing to an avalanche breakdown, and electrons that are accelerated to be

so rapid as to go over a barrier to the gate insulating film are increased in number.

However, the oxide semiconductor described in this embodiment has a wide band gap;

therefore, the avalanche breakdown is unlikely to occur and resistance to the hot-carrier

degradation is higher than that of silicon. Note that although the band gap of silicon

carbide which is one of materials having high withstand voltage and that of an oxide

semiconductor are substantially equal to each other, electrons are less likely to be

accelerated in an oxide semiconductor because the mobility in an oxide semiconductor

is approximately one-hundredth as high as that of silicon carbide. Further, a barrier

between an oxide semiconductor and an oxide film that is a gate insulating film is larger

than a barrier between any of silicon carbide, gallium nitride, and silicon and an oxide

film that is a gate insulating film; therefore, in the case of an oxide semiconductor, the

number of electrons injected to the oxide film is extremely small, hot-carrier

degradation is less likely to be caused than in the case of silicon carbide, gallium nitride,

or silicon, and it can be said that drain withstand voltage is high. Thus,

low-concentration impurity regions do not need to be provided between an oxide

semiconductor functioning as a channel and source and drain electrodes so that an

extremely simple transistor structure can be realized and the number of manufacturing

steps of which can be reduced.

[0094]

From the above, a transistor using an oxide semiconductor has high drain

withstand voltage; specifically, such a transistor can have drain withstand voltage

greater than or equal to 100 V, preferably greater than or equal to 500 V, more



preferably greater than or equal to 1 kV.

[0095]

Comparison between a transistor using silicon carbide, which is a typical

example of a transistor, and a transistor using an oxide semiconductor will be described

below. Here, 4H-SiC is used as the silicon carbide.

[0096]

An oxide semiconductor and 4H-SiC have some things in common. One

example is intrinsic carrier density. Using the Fermi-Dirac distribution at normal

temperature, the intrinsic carrier density of the oxide semiconductor is estimated to

approximately 10 7 cm- 3, which is extremely low like the carrier density of 4H-SiC, i.e.,

6.7 x 10 11 cm 3.

[0097]

In addition, the energy band gap of the oxide semiconductor is 3.0 eV to 3.5 eV

and that of 4H-SiC is 3.26 eV, which means that both the oxide semiconductor and the

silicon carbide are wide-gap semiconductors.

[0098]

However, the manufacturing temperature of transistors using an oxide

semiconductor and silicon carbide is largely different. Heat treatment for activation at

1500 °C to 2000 °C is needed in the case of using silicon carbide. In contrast, in the

case of using an oxide semiconductor, an oxide semiconductor having crystallinity can

be manufactured by heat treatment at a temperature higher than or equal to 450 °C and

lower than or equal to 850 °C, preferably higher than or equal to 550 °C and lower than

or equal to 750 °C, which allows a transistor to be manufactured over a large-sized

substrate. In addition, throughput can be increased.

[0099]

A manufacturing process of a SiC-MOSFET includes a step of doping with an

impurity that can be a donor or an acceptor (e.g., phosphorus or boron) and a

high-temperature heat treatment step for activation. Here, it is to be noted that an

oxide semiconductor has a relatively high electron affinity. Accordingly, by selecting

metal having an appropriate work function for an electrode, an ohmic contact can be

formed between the oxide semiconductor and the electrode without a step of doping



with an impurity in a manufacturing process of a transistor. In this manner,

simplification of the process can be realized because an n+ region is easily formed in the

contact portion.

[0100]

Note that considerable research has been done on properties of oxide

semiconductors such as density of states (DOS) in the band gap; however, the research

does not include the idea of sufficiently reducing the DOS itself. In this embodiment,

a highly purified oxide semiconductor is manufactured by removing water or hydrogen

which might induce the DOS in the energy gap from the oxide semiconductor. This is

based on the idea of sufficiently reducing the DOS itself. Thus, excellent industrial

products can be manufactured.

[0101]

Further, it is also possible to form a more highly purified (i-type) oxide

semiconductor by supplying oxygen to a dangling bond of metal which is generated by

lack of oxygen and reducing the DOS due to lack of oxygen. For example, an oxide

film containing an excessive amount of oxygen is formed in close contact with a

channel formation region and oxygen is supplied from the oxide film, whereby the DOS

due to oxygen deficiency can be reduced.

[0102]

It is said that a defect of the oxide semiconductor is caused by a shallow level

of 0.1 eV to 0.2 eV below the conduction band due to excessive hydrogen, a deep level

due to lack of oxygen, or the like. The technical idea that hydrogen is drastically

reduced and oxygen is sufficiently supplied in order to eliminate such a defect would be

right.

[0103]

An oxide semiconductor is generally considered as an n-type semiconductor;

however, in this embodiment, an i-type semiconductor is realized by removing an

impurity, particularly water or hydrogen. In this respect, it can be said that one

embodiment of the present invention includes a novel technical idea because it is

different from an i-type semiconductor such as silicon added with an impurity. In

addition, density of a heavy element, e.g., an impurity such as iron or nickel, which is



not contained in the oxide semiconductor is preferably less than or equal to 1 x 10

- 3cm .

[0104]

By making the oxide semiconductor be an i-type semiconductor, favorable

temperature characteristics of the transistor can be obtained; specifically, in terms of the

current vs. voltage characteristics of the transistor, on-state current, off-state current,

field-effect mobility, an S value, and a threshold voltage are hardly fluctuated at a

temperature ranging from -25 °C to 150 °C, and the current vs. voltage characteristics

are hardly degraded by the temperature.

[0105]

In the transistor using an oxide semiconductor which is described in this

embodiment, mobility at a channel is a little lower than that in a transistor using silicon

carbide; however, a current value and device characteristics of the transistor can be

improved by increasing the drain voltage and the channel width (W .

[0106]

A technical idea of this embodiment is that an impurity is not added to an oxide

semiconductor and on the contrary the oxide semiconductor itself is highly purified by

intentionally removing an impurity such as water or hydrogen which undesirably exists

therein. In other words, the oxide semiconductor is highly purified by removing water

or hydrogen which forms a donor level, reducing oxygen deficiency, and sufficiently

supplying oxygen that is a main component of the oxide semiconductor.

[0107]

In the oxide semiconductor just after being deposited, hydrogen at density of 1
20 3 20 _ 3x l O cm to 9 x 10 cm is measured using secondary ion mass spectrometry

(SIMS). The oxide semiconductor is highly purified and made to be an i-type

(intrinsic) semiconductor by intentionally removing water or hydrogen which forms a

donor level and further by adding oxygen (one of components of the oxide

semiconductor), which is reduced at the same time as removal of water or hydrogen, to

the oxide semiconductor.

[0108]

In this embodiment, the amount of water and hydrogen in the oxide



semiconductor is preferably as small as possible, and the number of carriers in the oxide

semiconductor is preferably as small as possible. In other words, carrier density lower

than 1 x 10 12 cm- 3, or preferably lower than 1.45 x 1010 cm- 3, i.e., lower than the lower

limit of measurement is desirable. Further, in the technical idea of this embodiment,

an ideal carrier density is 0 or close to 0. In particular, the oxide semiconductor can be

highly purified in such a manner that the oxide semiconductor is subjected to heat

treatment in an oxygen atmosphere, a nitrogen atmosphere, or an ultra-dry air

atmosphere (in which the content of water is lower than or equal to 20 ppm, preferably

lower than or equal to 1 ppm, more preferably lower than or equal to 10 ppb) at a

temperature higher than or equal to 450 °C and lower than or equal to 850 °C,

preferably higher than or equal to 550 °C and lower than or equal to 750 °C so that

water or hydrogen that serves as an n-type impurity is removed from the oxide

semiconductor. By highly purifying the oxide semiconductor by removal of an

impurity such as water or hydrogen, the carrier density can be lower than 1 x 10 12 cm 3,

preferably lower than 1.45 x 10 10 cm- 3, i.e., lower than the lower limit of measurement.

[0109]

Further, the heat treatment is performed at a temperature higher than or equal to

450 °C and lower than or equal to 850 °C, preferably higher than or equal to 600 °C and

lower than or equal to 700 °C, in which case the oxide semiconductor can be highly

purified and crystallized so as to be an oxide semiconductor having a c-axis aligned

polycrystalline region in which crystals grow from a surface of the oxide semiconductor

to the inside portion thereof. The c-axis aligned polycrystalline region is a region

which has a plurality of single crystal regions in each of which the c-axis is aligned to

the perpendicular direction to the surface.

[0110]

In an embodiment of the present invention, the second oxide semiconductor

film is provided using the oxide semiconductor film having the c-axis aligned

polycrystalline region as a seed crystal, and heat treatment is performed at a temperature

higher than or equal to 450 °C and lower than or equal to 850 °C, preferably higher than

or equal to 550 °C and lower than or equal to 750 °C, whereby the second oxide

semiconductor film can have a polycrystalline region which is c-axis aligned like the



seed crystal. That is, ideal axial growth or epitaxial growth can be caused in which the

direction of the c-axis of the seed crystal and that of the c-axis of the second oxide

semiconductor film are identical.

[0111]

The second oxide semiconductor film the direction of c-axis of which is

identical to that of the c-axis of the seed crystal can be obtained not only by solid-phase

growth caused by the heat treatment after deposition but also by being deposited,

typically sputtered, while heating is performed at a temperature higher than or equal to

200 °C and lower than or equal to 600 °C, preferably higher than or equal to 200 °C and

lower than or equal to 550 °C, where crystal growth can be caused in the second oxide

semiconductor film while the second oxide semiconductor film is deposited.

[0112]

Furthermore, in a transistor, an oxide semiconductor functions as a path in

which carriers flow by reducing or preferably eliminating carriers of the oxide

semiconductor. As a result, the oxide semiconductor is an i-type (intrinsic)

semiconductor which is highly purified and includes extremely small number of or no

carriers, and off-state current can be extremely small in the state where the transistor is

in an off-state, which is the technical idea of this embodiment.

[0113]

In addition, when the oxide semiconductor functions as a path, and the oxide

semiconductor itself is an i-type (intrinsic) semiconductor which is highly purified so as

to include extremely small number of or no carriers, carriers are supplied from source

and drain electrodes. By appropriately selecting the electron affinity (χ) of the oxide

semiconductor, the Fermi level which may ideally correspond to the intrinsic Fermi

level, and the work function of a material of the source and drain electrodes, carriers can

be injected from the source and drain electrodes so that an n-channel transistor and a

p-channel transistor can be manufactured as appropriate.

[0114]

On the other hand, a horizontal transistor in which a channel is formed

substantially in parallel with a substrate needs a source and a drain as well as the

channel, so that an area occupied by the transistor in the substrate is increased, which



hinders miniaturization. However, a source, a channel, and a drain are stacked in a

vertical transistor, whereby an occupation area in a substrate surface can be reduced.

As a result of this, it is possible to miniaturize the transistor.

[0115]

As described above, the oxide semiconductor film is highly purified so that an

impurity that is not a main component of the oxide semiconductor film, typically

hydrogen, water, hydroxy group, or hydride, may be contained as little as possible, and

the oxide semiconductor film is made to have the polycrystalline region, whereby good

operation of the transistor can be obtained. In particular, withstand voltage can be

higher, a short channel effect can be reduced, and a high on-off ratio can be obtained.

In addition, the amount of shift in a threshold voltage of the transistor between before

and after a BT test can be suppressed, whereby high reliability can be obtained.

Temperature dependence of electrical characteristics can also be suppressed. Further,

an oxide semiconductor film having a polycrystalline region can be formed thicker at a

relatively low temperature by the above-described method in which a flat-plate-shaped

polycrystalline region is formed in an oxide semiconductor film and then crystal growth

is caused with the use of the polycrystalline region as a seed crystal, in spite of .the fact

that any metal oxide which has been already reported is in an amorphous state or a

polycrystalline state or can be in a single crystal state only by a treatment at a

temperature as high as around 1400 °C. Therefore, a wider industrial application can

be realized.

[0116]

[Embodiment 2]

In this embodiment, a transistor having a structure different from that of

Embodiment 1 will be described with reference to FIGS. 7A and 7B.

[0117]

FIG. 7A is a top view of a transistor 147, and FIG. 7B corresponds to a

cross-sectional view taken along dashed line A-B in FIG 7A.

[0118]

As illustrated in FIG 7B, the first electrode 105, the oxide semiconductor film

107, and the second electrode 109 are stacked over the insulating film 103 formed over

the substrate 101. Note that this structure is different from that in Embodiment 1 in



that the periphery of the second electrode 109 is inside the periphery of the oxide

semiconductor film 107. The gate insulating film 111 is provided so as to cover the

first electrode 105, the oxide semiconductor film 107, and the second electrode 109.

Over the gate insulating film 111, the third electrode 113 is provided so as to face at

least side surfaces of the oxide semiconductor film and the second electrode. The

insulating film 117 functioning as an interlayer insulating film is provided over the gate

insulating film 111 and the third electrode 113. Openings are formed in the insulating

film 117, and the wiring 131 (see FIG 7A) connected through the opening to the first

electrode 105, the wiring 129 connected through the opening to the second electrode

109, and the wiring 125 connected through the opening to the third electrode 113 are

formed.

[0119]

I this embodiment, as in Embodiment 1, the oxide semiconductor film 107 has

crystallinity and the polycrystalline region of the oxide semiconductor film 107 is c-axis

aligned in a direction perpendicular to the surface. That is, the c-axis direction of the

oxide semiconductor film 107 corresponds to the direction perpendicular to the surface.

Note that elements which are adjacent to each other in the a-b plane are of the same

kind.

[0120]

The oxide semiconductor film 107 is highly purified and the hydrogen

concentration therein is lower than or equal to 1 x 10 18 cm- 3, preferably lower than or

equal to 1 x 1016 cm- 3, more preferably substantially 0. The carrier density of the

oxide semiconductor film 107 is lower than 1 x 1012 cm"3, preferably lower than 1.45 x

1010 cm 3, which is lower than the lower limit of measurement. That is, the carrier

density of the oxide semiconductor film is as close to zero as possible. A band gap is

greater than or equal to 2 eV, preferably greater than or equal to 2.5 eV, more preferably

greater than or equal to 3 eV.

[0121]

In the transistor of this embodiment, the channel length L means a distance

between the first electrode 105 and the second electrode 109 in a region of the oxide

semiconductor which is in contact with the gate insulating film in a cross-sectional



structure. Further, the channel width W means the length between the end portions of

the oxide semiconductor film that are in contact with the first electrode or the second

electrode. Note that, here, the length of the end portion of the oxide semiconductor

film that is in contact with one of the first electrode and the second electrode which has

a larger area than the other is W. In this embodiment, since the shape of the top

surface of the oxide semiconductor film of the transistor is rectangular, the channel

width is the sum of and 2W . Note that in the case where the shape of the top

surface of the oxide semiconductor film of the transistor is circular, the channel width W

is 2 where r is a radius of the circle.

[0122]

In this embodiment, when compared with Embodiment 1, the channel length L

is larger. In addition, there is influence of voltage applied to the third electrode 113

functioning as a gate electrode not only on the side surface of the oxide semiconductor

film 107 but also on the top surface of the oxide semiconductor film 107. Thus, a

channel can be more easily controlled than in Embodiment 1.

[0123]

As described above, the oxide semiconductor film is highly purified so that an

impurity that is not a main component of the oxide semiconductor film, typically

hydrogen, water, hydroxy group, or hydride, may be contained as little as possible, and

is made to have the polycrystalline region, whereby good operation of the transistor can

be obtained. In particular, withstand voltage can be higher, a short channel effect can

be reduced, and a high on-off ratio can be realized. In addition, the amount of shift in

a threshold voltage of the transistor between before and after the BT test can be

suppressed, whereby high reliability can be obtained. Temperature dependence of

electrical characteristics can also be suppressed.

[0124]

[Embodiment 3]

In this embodiment, a structure of a three-terminal type diode which is

manufactured using the transistor described in Embodiment 1 or 2 will be described

with reference to FIGS. 8A and 8B.

[0125]

FIGS. 8A and 8B are each a cross-sectional view of a three-terminal type



diode.

[0126]

In a three-terminal type diode 149a illustrated in FIG. 8A, the first electrode

105, the oxide semiconductor film 107, and the second electrode 109 are stacked over

the insulating film 103 formed over the substrate 101. The gate insulating film 111 is

provided so as to cover the first electrode 105, the oxide semiconductor film 107, and

the second electrode 109. The third electrode 113 is provided over the gate insulating

film 111. Further, an opening is formed in the gate insulating film 111 and the second

electrode 109 and the third electrode 113 are connected to each other through the

opening.

[0127]

In a three-terminal type diode 149b illustrated in FIG. 8B, the first electrode

105, the oxide semiconductor film 107, and the second electrode 109 are stacked over

the insulating film 103 formed over the substrate 101. The gate insulating film 111 is

provided so as to cover the first electrode 105, the oxide semiconductor film 107, and

the second electrode 109. The third electrode 113 is provided over the gate insulating

film 111. Further, an opening is formed in the gate insulating film 111 and the first

electrode 105 and the third electrode 113 are connected to each other through the

opening.

[0128]

In each of the three-terminal type diodes described in this embodiment, the

third electrode functioning as a gate electrode and one of a source electrode and a drain

electrode are electrically connected. For example, in the case where the first electrode

functioning as the drain electrode and the third electrode functioning as the gate

electrode are electrically connected to each other, when voltage (a positive voltage) that

is higher than that of the source electrode is applied to the drain electrode, a positive

voltage is also applied to the gate electrode; thus, the transistor is turned on and forward

current flows more easily. On the other hand, when voltage (a negative voltage) that is

lower than that of the source electrode is applied to the drain electrode, the transistor is

turned off and reverse current flows with more difficulty. Accordingly, a rectification

property of the diode can be enhanced.

[0129]



Note that although three-terminal type diodes are described in this embodiment,

two-terminal type diodes which do not have the third electrodes can also be

manufactured.

[0130]

[Embodiment 4]

In this embodiment, transistors with high heat resistance will be described with

reference to FIGS. lAand IB.

[0131]

By using a substrate having a high heat-dissipation property as the substrate

101 illustrated in FIGS. 1A and IB, a transistor with high heat resistance can be

manufactured. Examples of the substrate having a high heat-dissipation property

include a semiconductor substrate, a metal substrate, a plastic substrate, and the like.

As typical examples of the semiconductor substrate, a single crystal semiconductor

substrate such as a silicon substrate or a silicon carbide substrate, a polycrystalline

semiconductor substrate, a compound semiconductor substrate such as a silicon

germanium substrate, and the like can be given. As typical examples of the metal

substrate, an aluminum substrate, a copper substrate, a stainless steel substrate, and the

like can be given. As a typical example of the plastic substrate, a plastic substrate

containing a carbon fiber, a metal fiber, a metal piece, or the like can be given. Note

that the semiconductor substrate, the metal substrate, and the plastic substrate are not

limited to the above substrates, and any substrate can be used as appropriate as long as it

has a high heat-dissipation property.

[0132]

By using an insulating film having high thermal conductivity as the insulating

film 103 illustrated in FIGS. 1A and IB, a transistor with high heat resistance can be

manufactured. Examples of the insulating film having high thermal conductivity

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

and the like.

[0133]

A semiconductor film may be formed between the first electrode 105 and the

insulating film 103 illustrated in FIGS. 1A and IB. As typical examples of the

semiconductor film, a silicon film, a germanium film, a silicon carbide film, a diamond



like carbon (DLC) film, and the like can be given.

[0134]

Note that by using one or more of the above components, a transistor with high

heat resistance can be manufactured.

[0135]

[Embodiment 5]

In this embodiment, a transistor including the first electrode 105 and the second

electrode 109 that are formed using materials having different work functions will be

described.

[0136]

In this embodiment, one of the first electrode 105 and the second electrode 109

is formed using a conductive material having a work function that is lower than or equal

to the electron affinity of an oxide semiconductor, and the other of the first electrode

105 and the second electrode 109 is formed using a conductive material having a work

function that is higher than the electron affinity of the oxide semiconductor.

[0137]

For example, in the case where the electron affinity (χ) of the oxide

semiconductor is 4.3 eV, as the conductive material having a work function that is

higher than the electron affinity of the oxide semiconductor, tungsten (W), molybdenum

(Mo), chromium (Cr), iron (Fe), indium tin oxide (ITO), or the like can be used. As

the conductive material having a work function that is lower than or equal to the

electron affinity of the oxide semiconductor, titanium (Ti), yttrium (Y), aluminum (Al),

magnesium (Mg), silver (Ag), zirconium (Zr), or the like can be used.

[0138]

First, described is a case where an electrode functioning as a drain is formed

using a conductive material having a work function that is higher than the electron

affinity of the oxide semiconductor, and an electrode functioning as a source is formed

using a conductive material having a work function that is lower than or equal to the

electron affinity of the oxide semiconductor.

[0139]

The relation among the work function of the conductive material for forming



the electrode functioning as a drain , the work function of the conductive material

for forming the electrode functioning as a source S, and the electron affinity χ is set so

as to be expressed as Formula 6.

[0140]

[Formula 6]

(pms ≤- χ ≤ (fmd

[0141]

As can be seen, the work function of the conductive material of the electrode

functioning as a source is lower than or equal to the electron affinity of the oxide

semiconductor; therefore, a barrier in an on-state of the transistor (for example, h in FIG

3B) can be reduced, the transistor can be turned on at a low gate voltage, and a large

amount of current can flow.

[0142]

In another case, the relation between the work function „d, the electron

affinity χ , and the work function is set so as to be expressed as Formula 7.

[0143]

[Formula 7]

(fmd = = rns

[0144]

As can be seen, since the work function of the conductive material of the

electrode functioning as a source is higher than the electron affinity of the oxide

semiconductor, the barrier of the transistor becomes high. Accordingly, the amount of

current in an off-state can be reduced.

[0145]

Note that the electrode functioning as a source can be one of the first electrode

105 and the second electrode 109, and the electrode functioning as a drain can be the

other of the first electrode 105 and the second electrode 109.

[0146]

From the above, by forming one of the first electrode 105 and the second

electrode 109 using a conductive material having a work function that is lower than or

equal to the electron affinity of the oxide semiconductor and by forming the other of the

first electrode 105 and the second electrode 109 using a conductive material having a



work function that is higher than the electron affinity of the oxide semiconductor,

on-state characteristics or off-state characteristics of a transistor can be improved.

[0147]

In addition, the rectification property of the diode described in Embodiment 3

can also be enhanced by satisfying Formula 6 or 7.

[0148]

[Embodiment 6]

In this embodiment, a manufacturing process of the transistor illustrated in

FIGS. 1A and IB or FIGS. 7A and 7B will be described with reference to FIGS. 9A to

9E, FIGS. 10A to IOC, FIGS. 11A and 11B, and FIGS. 12A to 12C.

[0149]

As illustrated in FIG 9A, the insulating film 103 is formed over the substrate

101, and the first electrode 105 is formed over the insulating film 103. The first

electrode 105 functions as one of the source electrode and the drain electrode of the

transistor.

[0150]

The insulating film 103 can be formed by a sputtering method, a CVD method,

a coating method, or the like.

[0151]

Note that when the insulating film 103 is formed by a sputtering method, the

insulating film 103 is preferably formed while hydrogen, water, hydroxy group, hydride,

or the like remaining in a treatment chamber is removed. This is for preventing

hydrogen, water, hydroxy group, hydride, or the like from being contained in the

insulating film 103. An entrapment vacuum pump is preferably used for removing

hydrogen, water, hydroxy group, hydride, or the like remaining in the treatment

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

preferably used as the entrapment vacuum pump. The evacuation unit can be a turbo

pump provided with a cold trap. Since hydrogen, water, hydroxy group, hydride, or

the like are evacuated in the treatment chamber which is evacuated using a cryopump,

in the insulating film 103 formed in the treatment chamber, the concentration of an

impurity contained in the insulating film 103 can be reduced.

[0152]



As a sputtering gas used for formation of the insulating film 103, a high-purity

gas from which an impurity such as hydrogen, water, hydroxy group, or hydride is

removed to such a level that the impurity concentration is represented by the unit "ppm"

or "ppb".

[0153]

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

high-frequency power source is used for a sputtering power supply, a DC sputtering

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

manner. The RF sputtering method is mainly used in the case where an insulating film

is formed, and the DC sputtering method is mainly used in the case where a metal film

is formed.

[0154]

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 films of plural kinds of materials can be formed by electric discharge at the same

time in the same chamber.

[0155]

Alternatively, a sputtering apparatus provided with a magnet system inside the

chamber and used for a magnetron sputtering method, or a sputtering apparatus used for

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

used without using glow discharge can be used.

[0156]

Further, as a sputtering method, 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, or a bias sputtering method in which

voltage is also applied to a substrate during deposition can be used.

[0157]

As the sputtering in this specification, the above-described sputtering apparatus

and the sputtering method can be employed as appropriate.

[0158]



In this embodiment, the substrate 101 is carried into the treatment chamber. A

sputtering gas containing high purity oxygen, from which hydrogen, water, hydroxy

group, hydride, or the like is removed, is introduced into the treatment chamber, and a

silicon oxide film is formed as the insulating film 103 over the substrate 101 using a

silicon target. Note that when the insulating film 103 is formed, the substrate 101 may

be heated.

[0159]

For example, a silicon oxide film is formed with an RF sputtering method in

the following conditions: a quartz (preferably, synthetic quartz) target is used; the

substrate temperature is 108 °C; the distance between the substrate and the target (the

T-S distance) is 60 mm; the pressure is 0.4 Pa; the high frequency power is 1.5 kW; and

the atmosphere is an atmosphere containing oxygen and argon (the flow ratio of oxygen

to argon is 1:1 (each flow rate is 25 seem)). The film thickness may be 100 nm.

Note that instead of a quartz (preferably, synthesized quartz) target, a silicon target can

be used. Note that oxygen or a mixed gas of oxygen and argon is used as a sputtering

gas.

[0160]

For example, when the insulating film 103 is formed to have a stacked-layer

structure, a silicon nitride film is formed using a silicon target and a sputtering gas

containing high purity nitrogen from which hydrogen, water, hydroxy group, hydride, or

the like is removed, between the silicon oxide film and the substrate. Also in this case,

as in the case of the silicon oxide film, it is preferable to deposit a silicon nitride film

while hydrogen, water, hydroxy group, hydride, or the like remaining in the treatment

chamber is removed. Note that in this step, the substrate 101 may be heated.

[0161]

In the case where a silicon nitride film and a silicon oxide film are stacked as

the insulating film 103, the silicon nitride film and the silicon oxide film can be

deposited in the same treatment chamber with the use of a common silicon target.

First, the silicon nitride film is formed in such a manner that an etching gas containing

nitrogen is introduced and a silicon target mounted on the treatment chamber is used.

Then, the silicon oxide film is formed in such a manner that the gas is switched to an

etching gas containing oxygen and the same silicon target is used. The silicon nitride



film and the silicon oxide film can be formed successively without exposure to the air;

thus, adsorption of an impurity such as hydrogen, water, hydroxy group, or hydride on a

surface of the silicon nitride film can be prevented.

[0162]

The first electrode 105 can be formed in such a manner that a conductive film

is formed over the substrate 101 by a sputtering method, a CVD method, or a vacuum

evaporation method, a resist mask is formed over the conductive film in a

photolithography step, and the conductive film is etched using the resist mask.

Alternatively, the first electrode 105 is formed by a printing method or an ink-jet

method without using a photolithography step, so that the number of steps can be

reduced. Note that end portions of the first electrode 105 preferably have a tapered

shape, so that the coverage with a gate insulating film to be formed later is improved.

When the angle formed between the end portion of the first electrode 105 and the

insulating film 103 is greater than or equal to 30° and less than or equal to 60°

(preferably, greater than or equal to 40° and less than or equal to 50°), the coverage with

the gate insulating film to be formed later can be improved.

[0163]

In this embodiment, as the conductive film to serve as the first electrode 105, a

titanium film is formed to a thickness of 50 nm by a sputtering method, an aluminum

film is formed to a thickness of 100 nm, and a titanium film is formed to a thickness of

50 nm. Next, etching is performed using the resist mask formed in the

photolithography step, whereby the first electrode 105 is formed.

[0164]

Next, as illustrated in FIG 9B, a first oxide semiconductor film 102a with a

thickness greater than or equal to 2 nm and less than or equal to 15 nm is formed over

the insulating film 103 and the first electrode 105.

[0165]

Here, a method for manufacturing the first oxide semiconductor film 102a will

be described.

[0166]

Over the insulating film 103 and the first electrode 105, the first oxide



semiconductor film 102a is formed to a thickness greater than or equal to 2 nm and less

than or equal to 15 nm by a sputtering method, a coating method, a printing method, or

the like.

[0167]

The first oxide semiconductor film 102a can be formed by a sputtering method

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

including a rare gas (typically, argon) and oxygen.

[0168]

In addition, it is preferable that moisture or the like which remains in the

sputtering apparatus is removed before, during, or after deposition of the first oxide

semiconductor film 102a. In order to remove the remaining moisture in the sputtering

apparatus, an entrapment vacuum pump is preferably used. For example, a cryopump,

an ion pump, or a titanium sublimation pump is preferably used as the entrapment

vacuum pump. The evacuation unit can be a turbo pump provided with a cold trap.

From a film formation chamber of the sputtering apparatus in which exhaustion is

performed with the use of a cryopump, a hydrogen atom, a compound including a

hydrogen atom such as water (H20), or the like, for example, is exhausted.

Accordingly, the concentration of an impurity contained in the oxide semiconductor

film formed in the film formation chamber can be reduced.

[0169]

As the first oxide semiconductor film 102a, any one of the following metal

oxide films can be used: a four-component metal oxide film such as an In-Sn-Ga-Zn-0

film; a three-component metal oxide film such as an In-Ga-Zn-0 film, an In-Sn-Zn-O

film, an In-Al-Zn-0 film, a Sn-Ga-Zn-0 film, an Al-Ga-Zn-0 film, and a Sn-Al-Zn-0

film; a two-component metal oxide film such as an In-Zn-0 film, a Sn-Zn-0 film, an

Al-Zn-0 film, a Zn-Mg-0 film, a Sn-Mg-0 film, and an In-Mg-0 film; an In-0 film; a

Sn-0 film; and a Zn-0 film.

[0170]

For the first oxide semiconductor film 102a, a material expressed by

InM0 3(ZnO) (m > 0) can be used. Here, M represents one or more metal elements

selected from Ga, Al, Mn, and Co. For example, M can be Ga, Ga and Al, Ga and Mn,

Ga and Co, or the like.



[0171]

Note also that the first oxide semiconductor film 102a may be formed using an

oxide semiconductor material represented by In-A-B-O. Here, A represents one or

more kinds of elements selected from Group 13 elements such as gallium (Ga) and

aluminum (Al), Group 14 elements such as silicon (Si) and germanium (Ge), and the

like. B represents one or more kinds of elements selected from Group 12 elements

such as zinc (Zn). It is to be noted that values of an In content, an A content, and a B

content are arbitrary. The value of the A content may be 0. On the other hand, the

value of the In content and that of the B content are not 0. In other words, the above

expression may represent In-Ga-Zn-O, In-Zn-O, and the like.

[0172]

When the first oxide semiconductor film is formed, a metal oxide target having

a composition ratio of In:Ga:Zn = 1: greater than or equal to 0 and less than or equal to

2: greater than or equal to 1 and less than or equal to 5 is used. In this embodiment,

the first oxide semiconductor film is formed to a thickness of 5 nm in an oxygen

atmosphere, an argon atmosphere, or a mixed atmosphere of argon and oxygen in the

following conditions: an oxide semiconductor target (an In-Ga-Zn-O-based oxide

semiconductor target (In20 3:Ga20 3:ZnO = 1:1:2 [molar ratio] and In:Ga:Zn = 1:1:1

[atom ratio])) is used; the distance between the substrate and the target is 170 mm,

pressure is 0.4 Pa; and a direct current (DC) power source is 0.5 kW. Alternatively, as

an oxide semiconductor target, a target having a composition ratio of In:Ga:Zn = 1:1:0.5

[atom ratio], a target having a composition ratio of In:Ga:Zn = 1:1:1 [atom ratio], a

target having a composition ratio of In:Ga:Zn = 1:1:2 [atom ratio], or a target having a

composition ratio of In:Ga:Zn = 1:0.5:2 [atom ratio] can be used. Further alternatively,

a target having a composition ratio of In:Zn = 1:1 [atom ratio], which does not contain

Ga may be used. Field-effect mobility can be higher in the case where an In-Zn-0

film is used than in the case where an In-Ga-Zn-O film is used. In this embodiment,

since crystallization is intentionally caused by performing heat treatment in a later step,

it is preferable to use an oxide semiconductor target in which crystallization is easily

caused.

[0173]



It is preferable that the relative density of the oxide semiconductor in the oxide

semiconductor target is greater than or equal to 80 , more preferably greater than or

equal to 95 %, further preferably greater than or equal to 99.9 . When a target

having a high relative density is used, the impurity concentration in an oxide

semiconductor film to be formed can be reduced, so that a transistor with excellent

electrical characteristics or high reliability can be obtained.

[0174]

Further, preheat treatment is preferably performed before the first oxide

semiconductor film 102a is formed, in order to remove moisture or hydrogen which

remains on an inner wall of a sputtering apparatus, on a surface of the target, or inside a

target material. As the preheat treatment, a method in which the inside of the film

formation chamber is heated to 200 °C to 600 °C under reduced pressure, a method in

which introduction and exhaust of nitrogen or an inert gas are repeated while the inside

of the film formation chamber is heated, and the like can be given. After the preheat

treatment, the substrate or the sputtering apparatus is cooled. Then, an oxide

semiconductor film is formed without exposure to the air. Although a certain level of

effect can be obtained when introduction and exhaust of nitrogen are repeated without

heating, it is more preferable to perform the treatment with the inside of the film

formation chamber heated.

[0175]

Then, the first oxide semiconductor film 102a is subjected to the first heat

treatment and at least part of the oxide semiconductor film is crystallized. The first

heat treatment is performed at a temperature higher than or equal to 450 °C and lower

than or equal to 850 °C, preferably higher than or equal to 550 °C and lower than or

equal to 750 °C. Heating time is greater than or equal to 1 minute and less than or

equal to 24 hours. By the first heat treatment, a first oxide semiconductor film 102b

(also referred to as a first oxide semiconductor film having crystallinity) which has a

polycrystalline region growing from the surface is formed (see FIG. 9C). The

polycrystalline region grows from the surface to the inside portion and contains

plate-like crystals whose average thickness is greater than or equal to 2 nm and less than

or equal to 15 nm. The polycrystalline region formed at the surface is c-axis aligned in



a direction perpendicular to the surface. In this embodiment, an example is described

in which most part of the first oxide semiconductor film is made to contain a polycrystal

by the first heat treatment. The polycrystalline region having relatively uniform

crystal alignment which is formed at the surface of the first oxide semiconductor film

grows from the surface in the perpendicular direction; thus, the polycrystalline region

can be formed without being affected by a base member.

[0176]

Note that a crystal grain boundary exists in a region of the first oxide

semiconductor film 102b which overlaps with a projected portion and a recessed portion

made by the first electrode 105 and a polycrystal is contained in the region. Although

the a-b plane, a-axis, and b-axis of each crystal in the polycrystal may not be identical in

the first oxide semiconductor film 102b.

[0177]

An example of a mechanism of formation of a crystal region having uniform

crystal alignment at the surface of the first oxide semiconductor film in the case where

the first oxide semiconductor film is, for example, an In-Ga-Zn-0 film is described.

By heat treatment, zinc contained in the In-Ga-Zn-0 film diffuses and gathers in the

vicinity of the surface so as to be a seed crystal. In the crystal growth at this time,

crystals grow more in a direction parallel to the surface than in a direction perpendicular

to the surface so that a flat-plate-shaped polycrystalline region is formed. In other

words, crystallization is caused more easily in the a-b plane direction than in the c-axis

direction. Further, in the flat-plate-shaped polycrystalline region, the a-b planes of the

single crystal regions become parallel to the surface. In addition, a free space is

located above the surface of the In-Ga-Zn-0 film and crystals do not grow upward in

the free space. As for these facts, the fact that when the In-Ga-Zn-0 film was

measured with thermal desorption spectroscopy (TDS) while the temperature was

increased to 450 °C, peaks of In and Ga were not detected but a peak of zinc was

detected in a vacuum heating condition, particularly at around 300 °C is observed.

Note that the TDS measurement was performed in a vacuum and it was observed that

zinc was detected from around 200 °C.

[0178]



Note that in the first heat treatment, it is preferable that water, hydrogen, and

the like be not contained in nitrogen, oxygen or a rare gas such as helium, neon, or

argon. In addition, nitrogen, oxygen, or a rare gas such as helium, neon, or argon

which is introduced into a heat treatment apparatus preferably has a purity of 6 N

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

concentration of an impurity is lower than or equal to 1 ppm, preferably lower than or

equal to 0.1 ppm). Further, the first heat treatment may be performed in an ultra-dry

air atmosphere in which the content of water is lower than or equal to 20 ppm,

preferably lower than or equal to 1 ppm, more preferably lower than or equal to 10 ppb.

[0179]

In this embodiment, heat treatment in a dry air atmosphere at 700 °C for 1 hour

is performed as the first heat treatment.

[0180]

In addition, at the time of increasing the temperature in the first heat treatment,

an atmosphere of a furnace may be a nitrogen atmosphere and the atmosphere may be

switched to an oxygen atmosphere at the time of performing cooling. The inside

portion of the first oxide semiconductor film can be supplied with oxygen so as to be an

i-type oxide semiconductor film by switching the atmosphere to the oxygen atmosphere

after the dehydration or dehydrogenation is performed in the nitrogen atmosphere.

[0181]

Note that the heat treatment apparatus for the first heat treatment is not limited

to a particular apparatus, and the apparatus may be provided with a device for heating

an object to be processed by heat radiation or heat conduction from a heating element

such as a resistance heating element. For example, an electric furnace, or a rapid

thermal annealing (RTA) apparatus such as a gas rapid thermal annealing (GRTA)

apparatus or a lamp rapid thermal annealing (LRTA) apparatus can be used. An LRTA

apparatus 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 heat treatment using a

high-temperature gas.



[0182]

Next, over the first oxide semiconductor film 102b which has the

flat-plate-shaped polycrystalline region at least at the surface thereof, a second oxide

semiconductor film 104a whose thickness is larger than that of the first oxide

semiconductor film 102b is formed (see FIG. 9D). The thickness of the second oxide

semiconductor film 104a is greater than or equal to 1 µπ , preferably greater than or

equal to 3 µπ , more preferably greater than or equal to 10 µπι . The second oxide

semiconductor film 104a can be formed by a sputtering method in a rare gas (typically,

argon) atmosphere, an oxygen atmosphere, or an atmosphere including a rare gas

(typically, argon) and oxygen.

[0183]

As the second oxide semiconductor film 104a, any one of the following metal

oxide films can be used: a four-component metal oxide film such as an In-Sn-Ga-Zn-0

film; a three-component metal oxide film such as an In-Ga-Zn-0 film, an In-Sn-Zn-0

film, an In-Al-Zn-0 film, a Sn-Ga-Zn-0 film, an Al-Ga-Zn-0 film, and a Sn-Al-Zn-0

film; a two-component metal oxide film such as an In-Zn-0 film, a Sn-Zn-0 film, an

Al-Zn-0 film, a Zn-Mg-0 film, a Sn-Mg-0 film, and an In-Mg-O film; an In-O film; a

Sn-0 film; and a Zn-0 film.

[0184]

Further, it is preferable that a material of the first oxide semiconductor film and

that of the second oxide semiconductor film 104a contain the same components. In the

case of using the materials containing the same components, crystal growth is easily

caused with the use of the polycrystalline region of the first oxide semiconductor film as

a seed crystal in crystallization which is performed later. In addition, when the

materials contain the same components, physical properties of an interface such as

adhesion or electrical characteristics are favorable.

[0185]

After that, by performing second heat treatment, crystal growth is caused with

the use of the single crystal region of the first oxide semiconductor film 102b as a seed

crystal. The second heat treatment is performed at a temperature higher than or equal

to 450 °C and lower than or equal to 850 °C, preferably higher than or equal to 600 °C



and lower than or equal to 700 °C. Heating time is greater than or equal to 1 minute

and less than or equal to 24 hours. By the second heat treatment, the second oxide

semiconductor film 104a is crystallized. Thus, an oxide semiconductor film 108 (also

referred to as a second oxide semiconductor film having crystallinity) which has a

polycrystalline region can be obtained (see FIG. 9E). At this time, it is preferable that

crystals in the oxide semiconductor film 108 have the same structure and close lattice

constants (lattice mismatch is less than or equal to 1 ). Note that the oxide

semiconductor film 108 includes the first oxide semiconductor film and the second

oxide semiconductor film. When the second heat treatment is performed at a

temperature higher than or equal to 450 °C and lower than or equal to 850 °C,

preferably higher than or equal to 600 °C and lower than or equal to 700 °C, crystal

growth can be caused in the second oxide semiconductor film 104a (also referred to as

epitaxial growth or axial growth) so that a crystal axis in the crystal growth in the

second oxide semiconductor film 104a and a crystal axis of the first oxide

semiconductor film 102b are substantially identical. Further, epitaxial or axial growth

can be caused in the second oxide semiconductor film 104a by solid phase growth.

[0186]

The steps illustrated in FIGS. 9C to 9E are specifically described with

reference to FIG 12A to 12C.

[0187]

In FIG 12A, the first oxide semiconductor film 102b after being subjected to

the first heat treatment for crystallization is illustrated. FIG 12A corresponds to FIG

9C. FIG 12B, which corresponds to FIG 9D, is a cross-sectional view of the second

oxide semiconductor film 104a just after being deposited. FIG 12C, which

corresponds to FIG 9E, is a cross-sectional view after the second heat treatment. By

the second heat treatment, the oxide semiconductor film 108 which has a polycrystalline

region having higher alignment can be obtained. In the case where an oxide

semiconductor material of the first oxide semiconductor film and that of the second

oxide semiconductor film contain the same main components, as illustrated in FIG 12C,

upward crystal growth proceeds to the surface of the second oxide semiconductor film

104b with the use of the single crystal region of the first oxide semiconductor film 102b



as a seed crystal, so that the second oxide semiconductor film 104b is formed, and the

oxide semiconductor films have the same crystal structure. Therefore, although

indicated by a dotted line in FIG 12C, a boundary between the first oxide

semiconductor film and the second oxide semiconductor film may become unclear.

Furthermore, by the second heat treatment, the inside portion of the second oxide

semiconductor film 104b just after deposition is highly purified.

[0188]

Note that the second heat treatment is performed in a nitrogen atmosphere, an

oxygen atmosphere, or a rare gas atmosphere such as helium, neon, or argon. At this

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

oxygen or a rare gas such as helium, neon, or argon. In addition, nitrogen, oxygen, or

a rare gas such as helium, neon, or argon which is introduced into a heat treatment

apparatus preferably has a purity of 6 N or higher, more preferably 7 N or higher (that is,

the concentration of an impurity is lower than or equal to 1 ppm, preferably lower than

or equal to 0.1 ppm). Further, the second heat treatment may be performed in an

ultra-dry air atmosphere in which the content of water is lower than or equal to 20 ppm,

preferably lower than or equal to 1 ppm. In addition, at the time of increasing the

temperature in the second heat treatment, an atmosphere of a furnace may be a nitrogen

atmosphere and the atmosphere may be switched to an oxygen atmosphere at the time of

performing cooling.

[0189]

Note that the heat treatment apparatus for the second heat treatment is not

limited to a particular apparatus, and the apparatus may be provided with a device for

heating an object to be processed by heat radiation or heat conduction from a heating

element such as a resistance heating element. For example, an electric furnace, or an

RTAapparatus such as a GRTAapparatus or an LRTAapparatus can be used.

[0190]

Next, after a resist mask is formed in a photolithography step over the oxide

semiconductor film 108 including the first and second oxide semiconductor films, the

oxide semiconductor film 108 is etched using the resist mask, whereby the

island-shaped oxide semiconductor film 107 is formed. The resist mask for forming

the island-shaped oxide semiconductor film 107 may be formed by an ink-jet method.



No photomask is used when a resist mask is formed by an ink-jet method; therefore,

production cost can be reduced. The angle formed between the first electrode 105 and

the end portions of the second electrode 109 and the oxide semiconductor film 107 is set

to greater than or equal to 30° and less than or equal to 60°, preferably greater than or

equal to 40° and less than or equal to 50° by this etching, whereby the coverage with the

gate insulating film that is formed later can be improved.

[0191]

Note that the etching of the oxide semiconductor film here may be performed

by dry etching, wet etching, or both wet etching and dry etching. In order to form the

oxide semiconductor film 107 with a desired shape, the etching conditions (an etchant,

etching time, temperature, and the like) are adjusted as appropriate depending on the

material.

[0192]

When the etching rate of the oxide semiconductor film is different from that of

the first electrode 105, a condition such that the etching rate of the first electrode 105 is

low and the etching rate of the oxide semiconductor film is high is selected.

[0193]

As an etchant used for wet etching of the oxide semiconductor film, a mixed

solution of phosphoric acid, acetic acid, and nitric acid, an ammonia hydrogen peroxide

mixture (hydrogen peroxide water at 3 1 wt%: ammonia water at 28 wt : water = 5:2:2),

or the like can be used. In addition, ITO07N (produced by KANTO CHEMICAL CO.,

INC.) may also be used.

[0194]

The etchant after the wet etching is removed together with the etched materials

by cleaning. The waste liquid including the etchant and the material etched off may be

purified and the material may be reused. Materials such as indium contained in the

oxide semiconductor film are collected from the waste liquid after the etching and

recycled, so that resources can be effectively used and cost can be reduced.

[0195]

As an etching gas used for dry etching of the oxide semiconductor film, a gas

containing chlorine (a chlorine-based gas such as chlorine (Cl ), boron trichloride



(BC13), silicon tetrachloride (S1CI4), or carbon tetrachloride (CC14)) is preferably used.

[0196]

Alternatively, a gas containing fluorine (a fluorine-based gas such as carbon

tetrafluoride (CF4), sulfur hexafluoride (SF ), nitrogen trifluoride (NF3), or

trifluoromethane (CHF3)); hydrogen bromide (HBr); oxygen (0 2); any of these gases to

which a rare gas such as helium (He) or argon (Ar) is added; or the like can be used.

[0197]

As the dry etching method, a parallel plate RIE (reactive ion etching) method

or an ICP (inductively coupled plasma) etching method can be used. In order to etch

the films into desired shapes, the etching conditions (the amount of electric power

applied to a coil-shaped electrode, the amount of electric power applied to an electrode

on a substrate side, the temperature of the electrode on the substrate side, or the like) are

adjusted as appropriate.

[0198]

Then, over the insulating film, the first electrode 105, and the island-shaped

oxide semiconductor film 107, a conductive film 110 to be the second electrode 109 is

formed (see FIG 10A). The conductive film 110 serves as the second electrode 109

later. The conductive film 110 can be formed by appropriately using the material and

method for the first electrode 105; when a material having an etching rate which is

higher than that of the first electrode 105 is used, a later etching step can be easily

performed.

[0199]

After that, a resist mask is formed in a photolithography step over the

conductive film 110 and then the conductive film 110 is etched with the use of the resist

mask so that the second electrode 109 is formed (see FIG 10B).

[0200]

In this embodiment, the conductive film to be the second electrode 109 is

etched using an ammonia hydrogen peroxide solution (a mixed solution of ammonia,

water, and a hydrogen peroxide solution) as an etchant; accordingly, the second

electrode 109 is formed.

[0201]

Note that the etching of the conductive film 110 here may be performed by dry



etching, wet etching, or both wet etching and dry etching. In order to form the second

electrode 109 with a desired shape, the etching conditions (an etchant, etching time,

temperature, and the like) are adjusted as appropriate depending on the material.

[0202]

Next, as illustrated in FIG IOC, the gate insulating film 111 is formed over the

first electrode 105, the oxide semiconductor film 107, and the second electrode 109.

[0203]

An oxide semiconductor film (an oxide semiconductor film in which hydrogen

concentration is reduced and purity is improved) which is made intrinsic or substantially

intrinsic by removal of an impurity is highly sensitive to an interface state and interface

charge; thus, an interface between the oxide semiconductor film and the gate insulating

film 111 is important. Therefore, the gate insulating film 111 which is in contact with

the highly purified oxide semiconductor film needs high quality.

[0204]

For example, a high-density plasma CVD apparatus with use of microwaves

(2.45 GHz) is preferably employed because formation of a dense and high-quality

insulating film having high withstand voltage is possible. This is because when the

oxide semiconductor film in which hydrogen concentration is reduced and purity is

improved is closely in contact with the high-quality gate insulating film, the interface

state can be reduced and interface properties can be favorable. In addition, since the

insulating film formed using the high-density plasma CVD apparatus can have a

uniform thickness, the insulating film has excellent step coverage. In addition, as for

the insulating film formed using the high-density plasma CVD apparatus, the thickness

of a thin film can be controlled precisely.

[0205]

Needless to say, when an insulating film that is favorable as a gate insulating

film can be formed, other film formation methods such as a sputtering method and a

plasma CVD method can be employed. In addition, any insulating film can be used as

long as film quality and interface properties between the oxide semiconductor film and

the gate insulating film are modified by heat treatment performed after formation of the

gate insulating film. In any case, any insulating film may be used as long as the

insulating film has characteristics of enabling reduction in interface state density of an



interface between the insulating film and the oxide semiconductor film and formation of

a favorable interface as well as having favorable film quality as a gate insulating film.

[0206]

In a gate-bias thermal stress test (BT test) at 85 °C and 2 x 106 V/cm for 12

hours, if an impurity is added to an oxide semiconductor film, the bond between the

impurity and the main component of the oxide semiconductor film is broken by a high

electric field (B: bias) and high temperature (T: temperature), so that a generated

dangling bond induces a drift in the threshold voltage ( h).

[0207]

In contrast, the present invention makes it possible to obtain a transistor which

is stable to a BT test by removing an impurity in an oxide semiconductor film,

especially hydrogen, water, and the like as much as possible to obtain a favorable

characteristic of an interface between the oxide semiconductor film and a gate insulating

film as described above.

[0208]

Note that when the gate insulating film 111 is formed by sputtering, the

hydrogen concentration in the gate insulating film 111 can be reduced. In the case

where a silicon oxide film is formed by sputtering, 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.

[0209]

Note that a halogen element (e.g. fluorine or chlorine) is contained in an

insulating film provided in contact with the oxide semiconductor film, or a halogen

element is contained in an oxide semiconductor film by plasma treatment in a gas

atmosphere containing a halogen element in the state where the oxide semiconductor

film is exposed, whereby an impurity such as hydrogen, water, hydroxy group, or

hydride (also referred to as hydrogen compounds) existing in the oxide semiconductor

film or at the interface between the oxide semiconductor film and the insulating film

which is provided in contact with the oxide semiconductor film may be removed.

When the insulating film contains a halogen element, the halogen element concentration

in the insulating film may be approximately 5 x 10 18 cm- 3 to 1 x 1020 cm- 3.



[0210]

As described above, in the case where a halogen element is contained in the

oxide semiconductor film or at the interface between the oxide semiconductor film and

the insulating film which is in contact with the oxide semiconductor film and where the

insulating film which is provided in contact with the oxide semiconductor film is an

oxide insulating film, the oxide insulating film on the side where the oxide

semiconductor film is not in contact with the oxide insulating film is preferably covered

with a nitrogen insulating film. That is, a silicon nitride film or the like may be

provided on and in contact with the oxide insulating film which is in contact with the

oxide semiconductor film. With such a structure, an impurity such as hydrogen, water,

hydroxy group, or hydride can be prevented from entering the oxide insulating film.

[0211]

The gate insulating film 111 can have a structure in which a silicon oxide film

and a silicon nitride film are stacked in that order over the first electrode 105, the oxide

semiconductor film 107, and the second electrode 109. For example, a gate insulating

film having a total thickness of 100 n may be formed in such a manner that a silicon

oxide film (SiO* ( > 0)) with a thickness greater than or equal to 5 nm and less than or

equal to 300 nm is formed as a first gate insulating film and a silicon nitride film (SiN

( > 0)) with a thickness greater than or equal to 50 nm and less than or equal to 200 nm

is stacked over the first gate insulating film as a second gate insulating film by

sputtering. In this embodiment, a 100-nm-thick silicon oxide film is formed by RF

sputtering in the following conditions: the pressure is 0.4 Pa; the high-frequency power

is 1.5 kW; and an atmosphere containing oxygen and argon (the flow ratio of oxygen to

argon is 1:1 (each flow rate is 25 seem)) is used.

[0212]

Further, preheat treatment is preferably performed before the gate insulating

film 111 is formed, in order to remove moisture or hydrogen which remains on an inner

wall of a sputtering apparatus, on a surface of the target, or inside a target material.

After the preheat treatment, the substrate or the sputtering apparatus is cooled. Then,

the gate insulating film 111 is formed without exposure to the air. Although a certain

level of effect can be obtained when introduction and exhaust of nitrogen are repeated



without heating, it is more preferable to perform the treatment with the inside of the

film formation chamber heated.

[0213]

Next, third heat treatment (preferably at a temperature higher than or equal to

200 °C and lower than or equal to 400 °C, for example, higher than or equal to 250 °C

and lower than or equal to 350 °C) may be performed in an inert gas atmosphere or an

oxygen gas atmosphere. By the heat treatment, oxygen is supplied to an oxygen

deficiency generated by the first and second heat treatment, so that it is possible to

further reduce the oxygen deficiency which serves as a donor, satisfy the stoichiometric

proportion, and make the oxide semiconductor film 107 closer to an i-type oxide

semiconductor film or a substantially i-type oxide semiconductor film. Note that the

third heat treatment may be performed after formation of any of the following: the third

electrode 113, the insulating film 117, and the wirings 125 and 129. By the heat

treatment, it is possible to diffuse hydrogen or moisture contained in the oxide

semiconductor film into the gate insulating film.

[0214]

Then, the third electrode 113 functioning as a gate electrode is formed over the

gate insulating film 111.

[0215]

The third electrode 113 can be formed in such a manner that a conductive film

to be the third electrode 113 is formed over the gate insulating film 111 by a sputtering

method, a CVD method, or a vacuum evaporation method, a resist mask is formed over

the conductive film in a photolithography step, and the conductive film is etched using

the resist mask.

[0216]

Through the above process, the transistor 145 including the oxide

semiconductor film 107 which is highly purified and whose hydrogen concentration is

reduced can be manufactured.

[0217]

Next, as illustrated in FIG 11A, after the insulating film 117 is formed over the

gate insulating film 111 and the third electrode 113, contact holes 119 and 123 are



formed.

[0218]

The insulating film 117 is formed using an oxide insulating film such as a

silicon oxide film, a silicon oxynitride film, an aluminum oxide film, or an aluminum

oxynitride film; or a nitride insulating film such as a silicon nitride film, a silicon nitride

oxide film, an aluminum nitride film, or an aluminum nitride oxide film. Alternatively,

an oxide insulating film and a nitride insulating film can be stacked.

[0219]

The insulating film 117 is formed by a sputtering method, a CVD method, or

the like. Note that when the insulating film 117 is formed by a sputtering method, the

substrate 101 is heated to a temperature of 100 °C to 400 °C, a sputtering gas in which

hydrogen, water, hydroxy group, hydride, or the like is removed and which contains

high-purity nitrogen is introduced, and an insulating film may be formed using a silicon

semiconductor target. Also in this case, an insulating film is preferably formed while

hydrogen, water, hydroxy group, hydride, or the like remaining in the treatment

chamber is removed.

[0220]

After the formation of the insulating film 117, heat treatment may be further

performed at a temperature higher than or equal to 100 °C and lower than or equal to

200 °C in the air for greater than or equal to 1 hour and less than or equal to 30 hours.

With this heat treatment, a normally-off transistor can be obtained. Thus, the

reliability of a display device or a semiconductor device can be increased.

[0221]

A resist mask is formed in a photolithography step, and parts of the gate

insulating film 111 and the insulating film 117 are removed by selective etching,

whereby the contact holes 119 and 123 which reach the first electrode 105, the second

electrode 109, and the third electrode 113 are formed.

[0222]

Next, after a conductive film is formed over the gate insulating film 111 and

the contact holes 119 and 123, etching is performed using a resist mask formed in a

photolithography step, whereby the wirings 125, 129, and 131 are formed (see FIG.



11B). Note that a resist mask may be formed by an ink-jet method. No photomask is

used when a resist mask is formed by an ink-jet method; therefore, production cost can

be reduced.

[0223]

The wirings 125, 129, and 131 can be formed in a manner similar to that of the

first electrode 105.

[0224]

Note that a planarization insulating film for planarization may be provided

between the third electrode 113 and the wirings 125, 129, and 131. An organic

material having heat resistance, such as polyimide, acrylic, benzocyclobutene,

polyamide, or epoxy can be given as typical examples of the planarization insulating

film. Other than such organic materials, it is also possible to use a low-dielectric

constant material (a low -A material), a siloxane-based resin, phosphosilicate glass (PSG),

borophosphosilicate glass (BPSG), or the like. Note that the planarization insulating

film may be formed by stacking a plurality of insulating films formed using these

materials.

[0225]

Note that the siloxane-based resin corresponds to a resin including a Si-O-Si

bond formed using a siloxane-based material as a starting material. The

siloxane-based resin may include an organic group (e.g., an alkyl group or an aryl

group) or a fluoro group as a substituent. Moreover, the organic group may include a

fluoro group.

[0226]

There is no particular limitation on the method for forming the planarization

insulating film. The planarization insulating film can be formed, depending on the

material, by a method such as sputtering, an SOG method, a spin coating method, a

dipping method, a spray coating method, or a droplet discharge method (e.g., an ink-jet

method, screen printing, or offset printing), or a tool such as a doctor knife, a roll coater,

a curtain coater, or a knife coater.

[0227]

As described above, the hydrogen concentration in the oxide semiconductor

film can be reduced, the oxide semiconductor film can be highly purified, and the
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crystallinity of the oxide semiconductor film can be improved. Thus, the oxide

semiconductor film can be stabilized. In addition, heat treatment at a temperature of

lower than or equal to the glass transition temperature makes it possible to form an

oxide semiconductor film with a wide band gap in which carrier density is extremely

low. Therefore, a transistor can be manufactured using a large-sized substrate, so that

productivity can be increased. In addition, by using the oxide semiconductor film in

which the hydrogen concentration is reduced and purity is improved, it is possible to

manufacture a transistor with high withstand voltage, a reduced short-channel effect,

and a high on-off ratio.

[0228]

Embodiment 6 can be implemented in appropriate combination with the

structures described in the other embodiments.

[0229]

[Embodiment 7]

In this embodiment, a method for manufacturing a transistor having a structure

different from that of Embodiment 6 will be described with reference to FIGS. 9A to 9E

and FIGS. 13A to 13C. This embodiment and Embodiment 6 are different in a step of

forming the conductive film to be the second electrode 109.

[0230]

Similarly to Embodiment 6, through the steps illustrated in FIGS. 9A to 9D,

over the substrate 101, the insulating film 103, the first electrode 105, the first oxide

semiconductor film 102b having a polycrystalline region at least on the surface thereof

formed by the first heat treatment, and the second oxide semiconductor film 104a are

formed.

[0231]

Then, as illustrated in FIG 13A, the conductive film 110 to be the second

electrode 109 is formed over the second oxide semiconductor film 104a. Here, the

conductive film 110 is formed using a metal element melting point of which is higher

than or equal to 1000 °C. Typical examples of a material for the conductive film 110

include molybdenum, tungsten, titanium, tantalum, niobium, iridium, vanadium,

chromium, zirconium, platinum, palladium, scandium, iron, yttrium, cobalt, nickel,

manganese, and gold.



[0232]

After that, by performing the second heat treatment, crystal growth is caused

with the use of the polycrystalline region of the first oxide semiconductor film 102b as a

seed crystal. The second heat treatment is performed at a temperature higher than or

equal to 450 °C and lower than or equal to 850 °C, preferably higher than or equal to

600 °C and lower than or equal to 700 °C. By the second heat treatment, the second

oxide semiconductor film 104a is crystallized so that the oxide semiconductor fil 108

can be obtained.

[0233]

After that, a resist mask is formed in a photolithography step over the

conductive film 110 and then the conductive film 110 is etched with the use of the resist

mask so that the island-shaped oxide semiconductor film 107 and the second electrode

109 are formed (see FIG. 13C).

[0234]

After that, through the steps described in Embodiment 6 with reference to FIG.

IOC and FIGS. 11A and 11B, the transistor 145 can be manufactured.

[0235]

Embodiment 7 can be implemented in appropriate combination with the

structures described in the other embodiments.

[0236]

[Embodiment 8]

In this embodiment, a method for manufacturing a transistor having a structure

different from those of Embodiments 6 and 7 will be described with reference to FIGS.

9A to 9E and FIGS. 14A and 14B. This embodiment and Embodiments 6 and 7 are

different in a step of forming the second oxide semiconductor film.

[0237]

Similarly to Embodiment 6, through the steps illustrated in FIGS. 9A to 9C,

over the substrate 101, the insulating film 103, the first electrode 105, and the first oxide

semiconductor film 102b having a polycrystalline region at least on the surface thereof

formed by the first heat treatment are formed as illustrated in FIG 14A.

[0238]



After that, as illustrated in FIG 14B, a second oxide semiconductor film 112 is

deposited over the first oxide semiconductor film 102b by a sputtering method while

heating is performed at a temperature higher than or equal to 200 °C and lower than or

equal to 600 °C, preferably higher than or equal to 200 °C and lower than or equal to

550 °C. Here, the second oxide semiconductor film 112 is deposited while crystal

growth is caused with the use of the polycrystalline region at the surface of the first

oxide semiconductor film 102b as a seed crystal so that the direction of a crystal axis

(the c-axis, in particular) of the first oxide semiconductor film 102b and that of the

second oxide semiconductor film 112 are identical (the crystal growth also referred to as

epitaxial growth or axial growth). As a result, without the second heat treatment, the

crystallized oxide semiconductor film 108 whose the direction of c-axis is identical to

that of the first oxide semiconductor film 102b can be formed. Note that the oxide

semiconductor film 108 includes the first oxide semiconductor film 102b and the

second oxide semiconductor film 112.

[0239]

After that, through the steps described in Embodiment 6 or 7, the transistor 145

can be manufactured.

[0240]

In this embodiment, the number of times of heat treatment can be reduced,

whereby throughput can be increased.

[0241]

Embodiment 8 can be implemented in appropriate combination with the

structures described in the other embodiments.

[0242]

[Embodiment 9]

In this embodiment, a mode different from Embodiments 6 to 8 is described

with reference to FIGS. 15Ato 15C.

[0243]

An example in which the first oxide semiconductor film 102a has a thickness

of 15 nm is described in this embodiment.

[0244]



Although it depends on conditions such as materials of the first oxide

semiconductor film 102a and the first electrode 105 that is a base member, heating time,

and heating temperature, when the first oxide semiconductor film 102a has a thickness

of 15 nm, the tips of crystals of a polycrystalline region 151 does not reach an interface

with the first electrode 105 and an amorphous region 153 remains, even though crystal

growth is caused from the surface of the first oxide semiconductor film 102b by the first

heat treatment (see FIG 15A).

[0245]

Here, FIG. 15B is a cross-sectional view just after deposition of the second

oxide semiconductor film 104a over the first oxide semiconductor film 102b.

[0246]

Then, the second heat treatment is performed after the second oxide

semiconductor film 104a is formed. By the second heat treatment, in the first oxide

semiconductor film 102b, downward crystal growth proceeds to the interface with the

first electrode 105; accordingly, the first oxide semiconductor film 102b becomes a first

oxide semiconductor film 102c in which crystal growth reaches the first electrode 105.

In the case where an oxide semiconductor material of the first oxide semiconductor film

102c and that of the second oxide semiconductor film 104b contain the same main

components, as illustrated in FIG 15C, upward crystal growth proceeds to the surface of

the second oxide semiconductor film 104b with the use of the polycrystalline region of

the first oxide semiconductor film 102b as a seed crystal, so that the second oxide

semiconductor film 104b is formed and the oxide semiconductor film 108 having a

uniform crystal structure is formed. Therefore, although indicated by a dotted line in

FIG 15C, a boundary between the first oxide semiconductor film 102c and the second

oxide semiconductor film 104b may become unclear.

[0247]

In this embodiment, from the interface between the first oxide semiconductor

film 102b and the second oxide semiconductor film 104a, crystal growth can proceed

both upward and downward.

[0248]

The conditions of the first and second heat treatment are in the range which is

described in Embodiment 6. Note that when the second heat treatment is performed at



a temperature higher than the first heat treatment or for a heating time longer than the

first heat treatment, a single crystal region is formed at the surface of the second oxide

semiconductor film 104a at the time of the second heat treatment in some cases. In the

case where such a single crystal region formed at the surface of the second oxide

semiconductor film 104a affects the transistor characteristics, conditions which do not

allow a single crystal region to be formed at the surface of the second oxide

semiconductor film 104b may be appropriately selected.

[0249]

In the above description, an example in which the first oxide semiconductor

film has a thickness of 15 nm is described; however, the present invention is not

particularly limited thereto. Even when the first oxide semiconductor film 102b has a

thickness less than or equal to 10 nm, the amorphous region 153 can remain between

the single crystal region 151 of the first oxide semiconductor film 102b and the first

electrode 105 by reducing the temperature of the first heat treatment or by shortening

the heating time of the first heat treatment. The state illustrated in FIG. 15C can be

realized by forming the single crystal region reaching the first electrode 105 by the

second heat treatment. That is, by employing the process described in this

embodiment, the temperature of the first heat treatment can be reduced and the heating

time of the first heat treatment can be shortened.

[0250]

In addition, this embodiment can be arbitrarily combined with other

embodiments.

[0251]

[Embodiment 10]

In Embodiments 6 to 9, an oxide semiconductor material of the first oxide

semiconductor film and that of the second oxide semiconductor film contain the same

main components; this embodiment describes the case where a component of an oxide

semiconductor material of the first oxide semiconductor film is different from that of an

oxide semiconductor material of the second oxide semiconductor film. Note that since

FIG 16A is the same as FIG 9A, the same portions as those in FIG 9A are denoted by

the same reference numerals in FIG 16A.

[0252]



In this embodiment, an example in which a metal oxide target having a

composition ratio of In:Zn = 1:1 [atom ratio], which does not contain Ga is used and the

first oxide semiconductor film has a thickness of 5 nm is described.

[0253]

FIG 16A illustrates the first oxide semiconductor film 102b over the insulating

film 103 and the first electrode 105 after the first heat treatment is performed for

crystallization similarly to Embodiment 6. Note that since FIG 16A is the same as FIG.

9A, the same portions as those in FIG 9A are denoted by the same reference numerals

in FIG 16A.

[0254]

Next, the first heat treatment is performed. Crystal growth proceeds from the

surface by the first heat treatment, so that the first oxide semiconductor film 102b

having a polycrystalline region reaching the interface with the first electrode 105 is

formed, which depends on conditions such as materials of the first oxide semiconductor

film and the first electrode 105, heating time, and heating temperature (see FIG 16A).

[0255]

Crystal growth proceeds from the surface in the perpendicular direction in the

first oxide semiconductor film 102b which has the polycrystalline region having

relatively uniform crystal alignment at the surface. Further, the first oxide

semiconductor film 102b is c-axis aligned in the direction perpendicular to the surface.

[0256]

Next, FIG 16B is a cross-sectional view just after deposition of a second oxide

semiconductor film 161a over the first oxide semiconductor film 102b. When the

second oxide semiconductor film is formed over the first oxide semiconductor film, a

metal oxide target having a composition ratio of In:Ga:Zn = 1: greater than or equal to 0

and less than or equal to 2: greater than or equal to 1 and less than or equal to 5 is used.

In this embodiment, as the second oxide semiconductor film 161a, an In-Ga-Zn-0 film

is formed to a thickness of 1 µ using an In-Ga-Zn-O-based oxide semiconductor target

(In:Ga:Zn = 1:1:1 [atom ratio]).

[0257]

Then, the second heat treatment is performed after the second oxide



semiconductor film 161a is formed. By the second heat treatment, crystal growth is

caused as illustrated in FIG 16C. As illustrated in FIG 16C, upward crystal growth

proceeds to the surface of the second oxide semiconductor film with the use of the

polycrystalline region of the first oxide semiconductor film 102b as a seed crystal;

accordingly, a second oxide semiconductor film 161b can be formed.

[0258]

The first oxide semiconductor film 102b becomes the third oxide

semiconductor film 102c whose crystallinity is further improved because the

polycrystalline region obtained by the first heat treatment is heated again by the second

heat treatment.

[0259]

Since the component of the oxide semiconductor material of the second oxide

semiconductor film 161a is different from that of the oxide semiconductor material of

the first oxide semiconductor film 102b, a boundary is formed between the third oxide

semiconductor film 102c and the second oxide semiconductor film 161b as illustrated in

FIG 16C. Also by the second heat treatment, most part of the first oxide

semiconductor film, including part near the interface with the first electrode 105,

becomes the polycrystalline region.

[0260]

The structure illustrated in FIG 16C can be referred to as a two-layer structure

in which the third oxide semiconductor film 102c and the second oxide semiconductor

film 161b are stacked in this order over and in contact with the first electrode 105.

Upward crystal growth effectively proceeds to make the In-Ga-Zn-0 film be a

polycrystalline region by using the In-Zn-0 film, which is crystallized more easily than

an In-Ga-Zn-0 film, as the seed crystal. The band gap of the third oxide

semiconductor film 102c can be different from that of the second oxide semiconductor

film 161b.

[0261]

The conditions of the first and second heat treatment are in the range which is

described in Embodiment 6.

[0262]

In addition, this embodiment can be arbitrarily combined with other



embodiments.

[0263]

[Embodiment 11]

In this embodiment, a manufacturing method of a semiconductor device with

high yield is described with reference to FIGS. 17A and 17B.

[0264]

As illustrated in FIG 17A, the insulating film 103 is formed over the substrate

101, and the first electrode 105 is formed over the insulating film 103. Then, a

protective film 165 is formed over the first electrode 105. The protective film 165 is

provided in order to increase adhesion of the first electrode 105 to an oxide

semiconductor film to be formed later. Further, the protective film 165 is provided in

order to prevent the first electrode 105 to be oxidized in a step of forming the oxide

semiconductor film.

[0265]

A metal nitride film having a thickness greater than or equal to 1 nm and less

than or equal to 100 nm is preferably formed as the protective film 165; typically, a

titanium nitride film or a tantalum nitride film is formed.

[0266]

The first oxide semiconductor film 102a is then formed, whereby peeling of the

first oxide semiconductor film 102a can be suppressed. In addition, the first electrode

105 can be prevented from being oxidized.

[0267]

Then, the steps which are described in any of Embodiments 6 to 10 are

performed; thus, a semiconductor device can be manufactured.

[0268]

[Embodiment 12]

A mode which uses a circuit which includes the semiconductor element

described in any of Embodiments 1 to 11 will be described.

[0269]

A transistor and a diode, each of which is one mode of the semiconductor

element described in any of Embodiments 1 to 11, have a high on-off ratio and high

withstand voltage and is scarcely degraded. Thus, the transistor and diode can be used



in the following examples: a home electrical appliance in which an inverter technique is

applied such as an air conditioner, a refrigerator, a rice cooker, or a solar power

generation system; a battery-driven portable information terminal device such as a

laptop computer; a power amplifier device such as a stroboscope, an electric vehicle; a

DC-DC converter circuit; a motor control circuit; an audio amplifier; a logic circuit; a

switch circuit; and a high-frequency linear amplifier.

[0270]

Here, an example of a solar power generation system which is provided with an

inverter formed using the semiconductor element described in any of Embodiments 1 to

11 is described with reference to FIG 18. Note that an example of a structure of a

solar power generation system installed on a house and the like is described here.

[0271]

A residential solar power generation system illustrated in FIG 18 is a system in

which a method for supplying electric power is changed in accordance with the state of

solar power generation. When solar power generation is performed, for example,

when the sun shines, electric power generated by solar power generation is consumed

inside the house, and surplus electric power is supplied to an electric grid 414 provided

by an electric power company. On the other hand, at night time or at the time of rain

when electric power is insufficient, electric power is supplied from the electric grid 414

and is consumed inside the house.

[0272]

The residential solar power generation system illustrated in FIG 18 includes a

solar cell panel 400 which converts sunlight into electric power (direct current power),

an inverter 404 which converts the electric power from direct current into alternating

current, and the like. Alternating current power output from the inverter 404 is used as

electric power for operating various types of electric devices 410.

[0273]

Surplus electric power is supplied to outside the house through the electric grid

414. That is, electric power can be sold using this system. A direct current switch

402 is provided to select connection or disconnection between the solar cell panel 400

and the inverter 404. An alternating current switch 408 is provided to select

connection or disconnection between a distribution board 406 and a transformer 412



connected to the electric grid 414.

[0274]

When the semiconductor device of the disclosed invention is applied to the

above inverter, a highly reliable and inexpensive solar power generation system can be

realized.

[0275]

The methods and structures described in this embodiment can be combined as

appropriate with any of the methods and structures described in the other embodiments.

[Example 1]

[0276]

In Example 1, results of taking TEM photographs of a cross section of oxide

semiconductor films which were crystallized by heat treatment are described with

reference to FIGS. 19A and 19B and FIGS. 20A and 20B.

[0277]

First, a manufacturing method of Sample A is described below.

[0278]

A silicon oxynitride film (SiON) was formed over a glass substrate by a CVD

method. Then, an In-Ga-Zn-O film (OS) having a thickness of 5 n was formed over

the silicon oxynitride film. At this time, the In-Ga-Zn-0 film was formed in the

following conditions: an oxide semiconductor target (an In-Ga-Zn-O-based oxide

semiconductor target (In20 3:Ga20 3:ZnO = 1:1:2 [molar ratio] and In:Ga:Zn = 1:1:1

[atom ratio]) was used; the substrate temperature was 200 °C; the deposition rate was 4

nm/min; and the target was sputtered. Note that in the case where the above-described

oxide semiconductor target is used, a crystal of InGaZn0 4 is easily obtained. Next, a

protective film was formed over the In-Ga-Zn-0 film. The In-Ga-Zn-0 film formed

over the glass substrate was then subjected to heat treatment in a dry air atmosphere at

700 °C for 1 hour; thus, Sample A was manufactured.

[0279]

FIG 19A is a TEM photograph of a cross section of Sample A and FIG 19B is

a schematic diagram of FIG 19A. Note that the TEM photograph is a high

magnification photograph (eight million-fold magnification) taken at an acceleration



voltage of 300 kV using a high resolution transmission electron microscope

("H9000-NAR": TEM manufactured by Hitachi, Ltd.). It can be observed that the

In-Ga-Zn-0 film was c-axis aligned in a direction perpendicular to the surface and a

region close to the interface between the silicon oxynitride film and the In-Ga-Zn-0

film was also crystallized and c-axis aligned in a direction perpendicular to the surface.

In other words, an oxide semiconductor film having a flat-plate-shaped polycrystalline

region was formed. Note that elements which were adjacent to each other in the a-b

plane were of the same kind. The c-axis direction of the flat-plate-shaped

polycrystalline region corresponded to the direction perpendicular to the surface.

[0280]

Next, a manufacturing method of Sample B, which is a comparative example,

is described below.

[0281]

A silicon oxynitride film (SiON) was formed over a glass substrate by a CVD

method. Then, an In-Ga-Zn-0 film having a thickness of 50 nm was formed over the

silicon oxynitride film in conditions similar to those of Sample A. Next, a protective

film was formed over the In-Ga-Zn-O film. After that, heat treatment was performed

in a dry air atmosphere at 700 °C for 1 hour; thus, Sample B was manufactured.

[0282]

FIG 20A is a TEM photograph of a cross section of Sample B and FIG 20B is

a schematic diagram of FIG 20A. Note that the TEM photograph is a high

magnification photograph (two million-fold magnification) taken at an acceleration

voltage of 300 kV using a high resolution transmission electron microscope

("H9000-NAR": TEM manufactured by Hitachi, Ltd.). It can be observed that

crystallization proceeded to a depth of approximately 5 nm from the surface of the

In-Ga-Zn-0 film and a lot of amorphous regions and a plurality of crystals whose

crystal axes were not uniformly oriented randomly existed in the inside portion of the

In-Ga-Zn-0 film. Therefore, it can be said that even when heat treatment at 700 °C for

1 hour, i.e., heat treatment at a temperature higher than 650 °C for a treatment time

longer than 6 minutes, is performed once, a single crystal region having high alignment

is hardly formed in a whole In-Ga-Zn-0 film which is formed as thick as 50 nm.



[0283]

From these experimental results, it can be said that a polycrystalline region

having a large thickness can be formed by forming an oxide semiconductor film by the

following two steps: a polycrystalline region to be a seed crystal is formed; and then

crystal growth is caused after another oxide semiconductor film is formed. That is, it

is shown that the method disclosed in this specification is extremely effective.

Formation of an oxide semiconductor film in two steps and heat treatment performed

twice make it possible to obtain a thick polycrystalline region having high alignment,

i.e., a polycrystalline region having the a-b plane which is parallel to the surface of the

flat-plate-shaped polycrystalline region and being c-axis aligned in a direction

perpendicular to the surface of the flat-plate-shaped polycrystalline region.

This application is based on Japanese Patent Application serial no.

2009-270854 filed with Japan Patent Office on November 28, 2009, the entire contents

of which are hereby incorporated by reference.



CLAIMS

1. A manufacturing method of a semiconductor device comprising the steps of:

forming a first electrode over a substrate;

forming a first oxide semiconductor film over the first electrode;

performing first heat treatment to the first oxide semiconductor film to cause

crystal growth from a surface to an inside portion of the first oxide semiconductor film;

forming a second oxide semiconductor film over the first oxide semiconductor

film;

performing second heat treatment to the second oxide semiconductor film to

cause crystal growth in the second oxide semiconductor film;

etching the first oxide semiconductor film and the second oxide semiconductor

film so as to have an island shape;

forming a second electrode over the second oxide semiconductor film;

forming a gate insulating film covering the first electrode, the first oxide

semiconductor film, the second oxide semiconductor film, and the second electrode; and

forming a gate electrode over the gate insulating film.

2. The manufacturing method of the semiconductor device according to claim 1,

wherein the crystal growth in the second oxide semiconductor film is caused with the

use of the first oxide semiconductor film as a seed crystal.

3. The manufacturing method of the semiconductor device according to claim

1,

wherein the first oxide semiconductor film is c-axis aligned in a direction

perpendicular to the surface, and

wherein the second oxide semiconductor film is c-axis aligned in the direction

perpendicular to the surface.

4. The manufacturing method of the semiconductor device according to claim

1,

wherein the first oxide semiconductor film has single crystal regions, and



wherein the second oxide semiconductor film has single crystal regions.

5. The manufacturing method of the semiconductor device according to claim 1,

wherein the first oxide semiconductor film has a thickness greater than or equal to 2 nm

and less than or equal to 15 nm.

6. The manufacturing method of the semiconductor device according to claim

1,

wherein the first oxide semiconductor film is deposited by a sputtering method

and a metal oxide target for the deposition has a composition ratio of In:Ga:Zn = 1:

greater than or equal to 0 and less than or equal to 2: greater than or equal to 1 and less

than or equal to 5, and

wherein the second oxide semiconductor film is deposited over the first oxide

semiconductor film by a sputtering method and a metal oxide target for the deposition

has a composition ratio of In:Ga:Zn = 1: greater than or equal to 0 and less than or equal

to 2: greater than or equal to 1 and less than or equal to 5.

7. The manufacturing method of the semiconductor device according to claim 1,

wherein the first oxide semiconductor film and the second oxide semiconductor film are

homoepitaxially grown.

8. The manufacturing method of the semiconductor device according to claim 1,

wherein the first oxide semiconductor film and the second oxide semiconductor film are

heteroepitaxially grown.

9. The manufacturing method of the semiconductor device according to claim 1,

wherein the first oxide semiconductor film and the second oxide semiconductor film are

dehydrated or dehydrogenated.

10. The manufacturing method of the semiconductor device according to claim

1, wherein the first oxide semiconductor film and the second oxide semiconductor film



have carrier density lower than 1 x 1012 cm .

11. The manufacturing method of the semiconductor device according to claim

1, wherein the first oxide semiconductor film and the second oxide semiconductor film

have carrier density lower than 1.4 x 1010 cm 3.

12. The manufacturing method of the semiconductor device according to claim

1, wherein the first oxide semiconductor film and the second oxide semiconductor film

comprise an intrinsic semiconductor.

13. The manufacturing method of the semiconductor device according to claim

1, wherein the semiconductor device has a transistor or a diode.

14. A manufacturing method of a semiconductor device comprising the steps

of:

forming a first electrode over a substrate;

forming a first oxide semiconductor film over the first electrode;

performing first heat treatment to the first oxide semiconductor film to cause

crystal growth from a surface to an inside portion of the first oxide semiconductor film;

forming a second oxide semiconductor film over the first oxide semiconductor

film;

forming a conductive film over the second oxide semiconductor film;

performing second heat treatment to the second oxide semiconductor film to

cause crystal growth in the second oxide semiconductor film;

forming a second electrode by etching the conductive film;

etching the first oxide semiconductor film and the second oxide semiconductor

film so as to have an island shape;

forming a gate insulating film covering the first electrode, the first oxide

semiconductor film, the second oxide semiconductor film and the second electrode; and

forming a gate electrode over the gate insulating film.



15. A manufacturing method of a semiconductor device comprising the steps

of:

forming a first electrode over a substrate;

forming a first oxide semiconductor film over the first electrode;

performing first heat treatment to the first oxide semiconductor film to cause

crystal growth from a surface to an inside portion of the first oxide semiconductor film;

forming a second oxide semiconductor film having crystallinity over the first

oxide semiconductor film by a sputtering method while heating is performed;

etching the first oxide semiconductor film and the second oxide semiconductor

film so as to have an island shape;

forming a second electrode over the second oxide semiconductor film;

forming a gate insulating film covering the first electrode, the first oxide

semiconductor film, the second oxide semiconductor film, and the second electrode; and

forming a gate electrode over the gate insulating film.

16. A semiconductor device comprising:

a first electrode formed over a substrate;

a stacked body of an oxide semiconductor formed over the first electrode, the

stacked body comprising:

a first oxide semiconductor film having crystallinity with a crystal

grown from a surface to an inside portion; and

a second oxide semiconductor film having crystallinity over the first

oxide semiconductor film;

a second electrode formed over the stacked body of the oxide semiconductor;

a gate insulating film covering the first electrode, the stacked body of the oxide

semiconductor, and the second electrode; and

a third electrode having a ring shape and facing at least a side surface of the

stacked body of the oxide semiconductor with the gate insulating film provided

therebetween.

17. The semiconductor device according to claim 16, wherein the second

electrode is in contact with an entire top surface of the stacked body of the oxide



semiconductor.

18. The semiconductor device according to claim 16,

wherein the first electrode functions as one of a source electrode and a drain

electrode,

wherein the second electrode functions as the other of the source electrode and

the drain electrode, and

wherein the third electrode functions as a gate electrode.

19. The semiconductor device according to claim 16,

wherein the first oxide semiconductor film having crystallinity is c-axis aligned

in a direction perpendicular to the surface, and

wherein the second oxide semiconductor film having crystallinity is c-axis

aligned in the direction perpendicular to the surface.

20. The semiconductor device according to claim 16, wherein the first oxide

semiconductor film having crystallinity has an average thickness greater than or equal to

2 nm and less than or equal to 15 nm.

21. The semiconductor device according to claim 16, wherein a material of the

first oxide semiconductor film having crystallinity and a material of the second oxide

semiconductor film having crystallinity contain the same components.

22. The semiconductor device according to claim 16, wherein the first oxide

semiconductor film having crystallinity and the second oxide semiconductor film

having crystallinity have the same electron affinity.

23. The semiconductor device according to claim 16, wherein the first oxide

semiconductor film having crystallinity and the second oxide semiconductor film

having crystallinity have a homoepitaxial structure.

24. The semiconductor device according to claim 16, wherein a material of the



first oxide semiconductor film having crystallinity and a material of the second oxide

semiconductor film having crystallinity are different from each other.

25. The semiconductor device according to claim 16, wherein the first oxide

semiconductor film having crystallinity and the second oxide semiconductor film

having crystallinity have a heteroepitaxial structure.

26. The semiconductor device according to claim 16, wherein the first oxide

semiconductor film having crystallinity and the second oxide semiconductor film

having crystallinity are dehydrated or dehydrogenated.

27. The semiconductor device according to claim 16, wherein the first oxide

semiconductor film having crystallinity and the second oxide semiconductor film

having crystallinity have carrier density lower than 1 x 10 cm .

28. The semiconductor device according to claim 16, wherein the first oxide

semiconductor film having crystallinity and the second oxide semiconductor film

having crystallinity have carrier density lower than 1.4 x 10 10 cm- 3.

29. The semiconductor device according to claim 16, wherein the first oxide

semiconductor film having crystallinity and the second oxide semiconductor film

having crystallinity comprise an intrinsic semiconductor.

30. The semiconductor device according to claim 16, wherein the

semiconductor device has a transistor or a diode.

31. A semiconductor device comprising:

a first electrode formed over a substrate;

a stacked body of an oxide semiconductor formed over the first electrode, the

stacked body comprising:

a first oxide semiconductor film having crystallinity with a crystal



grown from a surface to an inside portion; and

a second oxide semiconductor film having crystallinity over the first

oxide semiconductor film;

a second electrode being over the stacked body of the oxide semiconductor and

being formed inside a periphery of the stacked body of the oxide semiconductor;

a gate insulating film covering the first electrode, the stacked body of the oxide

semiconductor, and the second electrode; and

a third electrode having a ring shape and facing at least a side surface of the

stacked body of the oxide semiconductor and a side surface of the second electrode with

the gate insulating film provided therebetween.
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