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(57) Abstract: It is an object to provide a semiconductor device for high power application which has good properties. A means
for solving the above-described problem is to form a transistor described below. The transistor includes a source electrode layer;
an oxide semiconductor layer in contact with the source electrode layer; a drain electrode layer in contact with the oxide semicon
ductor layer; a gate electrode layer part of which overlaps with the source electrode layer, the drain electrode layer, and the oxide
semiconductor layer; and a gate insulating layer in contact with an entire surface of the gate electrode layer.



DESCRIPTION

SEMICONDUCTOR DEVICE

TECHNICAL FIELD

[0001]

The technical field of the present invention relates to a semiconductor device

using an oxide semiconductor.

BACKGROUND ART

[0002]

In recent years, transistors which are used for many liquid crystal display

devices and light-emitting display devices typified by flat panel displays have included

a silicon semiconductor such as amorphous silicon or polycrystalline silicon and have

been formed over glass substrates.

[0003]

Instead of the silicon semiconductor, a technique in which an oxide

semiconductor is used for transistors has attracted attention.

[0004]

Examples of the oxide semiconductor include zinc oxide which is a

one-component metal oxide and an In-Ga-Zn-O-based oxide semiconductor which is a

homologous compound. In addition, techniques, in which transistors are formed using

these oxide semiconductors and the transistors are used for switching elements and the

like of pixels in display devices, are disclosed (see Patent Document 1 and Patent

Document 2).

[Reference]

[0005]

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

[Patent Document 2] Japanese Published Patent Application No. 2007-96055

DISCLOSURE OF INVENTION

[0006]



A bottom-gate transistor can be said as a horizontal transistor because drain

current flows between a source and a drain in a horizontal direction. It is necessary to

increase the size of the horizontal transistor in order that large drain current may flow.

Therefore, the horizontal transistor cannot be said to be suitable for a semiconductor

device for high power application such as a power device.

[0007]

As a semiconductor device for high power application, a vertical transistor, in

which a semiconductor layer serving as a channel region overlaps with a source

electrode layer and a drain electrode layer and the direction of drain current is a

thickness direction of the semiconductor layer, is said preferable. This is because the

vertical transistor can be formed to be smaller (have a smaller area) than the horizontal

transistor when these transistors are formed so that the same or substantially the same

amount of drain current may flow.

[0008]

There are a variety of structures of vertical transistors. When a gate electrode

layer of a vertical transistor is formed adjacent to a side surface of the semiconductor

layer, each width of a drain electrode layer and a source electrode layer of the vertical

transistor is increased (the width of a channel region is increased) in order to obtain

large drain current, so that an electric field applied to the semiconductor layer from the

gate electrode layer formed adjacent to the side surface of the semiconductor layer

might be insufficient.

[0009]

Further, the semiconductor device for high power application needs to have a

structure having properties such as high breakdown voltage, high conversion efficiency,

or fast switching as well as a structure in which large drain current can flow.

[0010]

Thus, in view of the above points, an object of one embodiment of the present

invention is to provide a semiconductor device for high power application which has

good properties.

[0011]

According to one embodiment of the present invention, part of a gate electrode

layer of a vertical transistor overlaps with parts of a source electrode layer, a drain



electrode layer, and a semiconductor layer serving as a channel region. With the

structure, the gate electrode layer can apply a sufficiently high electric field to the

semiconductor layer serving as a channel region.

[0012]

In addition, as a semiconductor material which improves the above-described

properties needed for a semiconductor device for high power application, an oxide

semiconductor is preferably used.

[0013]

The oxide semiconductor has a band gap which is twice or more as large as that

of a silicon semiconductor; therefore, the oxide semiconductor has advantages in

improvement of breakdown voltage of a semiconductor device, in a decrease in power

loss, and the like.

[0014]

One embodiment of the present invention is a transistor including a source

electrode layer; an oxide semiconductor layer in contact with the source electrode layer;

a drain electrode layer in contact with the oxide semiconductor layer; a gate electrode

layer part of which overlaps with the source electrode layer, the drain electrode layer,

and the oxide semiconductor layer; and a gate insulating layer in contact with an entire

surface of the gate electrode layer. The gate insulating layer on a bottom surface side

of the gate electrode layer is in contact with the source electrode layer, and the gate

insulating layer on an upper surface side of the gate electrode layer is in contact with the

oxide semiconductor layer.

[0015]

Another embodiment of the present invention is a transistor including a source

electrode layer; an oxide semiconductor layer in contact with the source electrode layer;

a drain electrode layer in contact with the oxide semiconductor layer; a gate electrode

layer part of which overlaps with the source electrode layer, the drain electrode layer,

and the oxide semiconductor layer; and a gate insulating layer in contact with an entire

surface of the gate electrode layer. The gate insulating layer on a bottom surface side

and an upper surface side of the gate electrode layer is in contact with the oxide

semiconductor layer.

[0016]



In the above-described transistor, there is no particular limitation on the

number of gate electrode layers and gate insulating layers which are provided. Two

gate electrode layers and two gate insulating layers may be provided to increase an

electric field applied to the oxide semiconductor layer, and a pair of gate electrode

layers which face each other with the oxide semiconductor layer interposed

therebetween and a pair of gate insulating layers which face each other with the oxide

semiconductor layer interposed therebetween may be formed. Alternatively, a

plurality of units in each of which the pair of the gate electrode layers face each other

and the pair of the gate insulating layers face each other may be provided. Further

alternatively, the gate electrode layer and the gate insulating layer may be provided in

circular shapes so as to surround the oxide semiconductor layer.

[0017]

When the oxide semiconductor layer is formed to be thick in the

above-described transistor, planarity might be lost and the oxide semiconductor layer

might be separated; therefore, a conductive layer is preferably provided in the oxide

semiconductor layer.

[0018]

Large drain current can flow through a transistor obtained by the

above-described method, and the transistor has high drain-breakdown-voltage

characteristics. Thus, one embodiment of the present invention can provide a

semiconductor device for high power application which has good properties.

BRIEF DESCRIPTION OF DRAWINGS

[0019]

FIG 1A is a top view of a transistor and FIG I B is a cross-sectional view

thereof.

FIG 2A is a top view of a transistor and FIG 2B is a cross-sectional view

thereof.

FIG 3A is a top view of a transistor and FIG. 3B is a cross-sectional view

thereof.

FIG 4A is a top view of a transistor and FIG 4B is a cross-sectional view

thereof.



FIG 5A is a top view of a transistor and FIG 5B is a cross-sectional view

thereof.

FIG 6A is a top view of a transistor and FIG. 6B is a cross-sectional view

thereof.

FIG 7A is a top view of a transistor and FIG 7B is a cross-sectional view

thereof.

FIG 8A is a top view of a transistor and FIG 8B is a cross-sectional view

thereof.

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

manufacturing the transistor.

FIGS. 10A and 10B are cross-sectional views illustrating a method for

manufacturing the transistor.

FIGS. 11A to 11D are cross-sectional views illustrating a method for

manufacturing the transistor.

FIGS. 12A to 12D are cross-sectional views illustrating a method for

manufacturing the transistor.

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

manufacturing the transistor.

FIG 14 is a diagram of an example of a solar photovoltaic system.

BEST MODE FOR CARRYING OUT THE INVENTION

[0020]

Embodiments of the present invention are hereinafter described in detail with

reference to the accompanying drawings. Note that the present invention is not limited

to the following description and it will be readily appreciated by those skilled in the art

that modes and details can be modified in various ways without departing from the

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

be construed as being limited to the description in the following embodiments. 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.

[0021]



The size, the thickness of a layer, or a region of each structure illustrated in

drawings in this specification is exaggerated for simplicity in some cases. Therefore,

embodiments of the present invention are not limited to such scales.

[0022]

Note that in this specification, "on-state current" is current which flows

between a source and a drain when a thin film transistor is in an on state. For example,

in the case of an n-channel thin film transistor, the on-state current is current which

flows between a source and a drain when the gate voltage of the transistor is higher than

the threshold voltage thereof. In addition, "off-state current" is current which flows

between a source and a drain when a thin film transistor is in an off state. For example,

in the case of an n-channel thin film transistor, the off-state current is current which

flows between a source and a drain when the gate voltage of the transistor is lower than

the threshold voltage thereof. Note that here, "gate voltage" refers to a potential

difference between a source and a gate when the potential of the source is used as a

reference potential.

[0023]

Functions of a "source" and a "drain" are sometimes interchanged with each

other when the direction of current flow is changed in circuit operation, for example.

Therefore, the terms "source" and "drain" can be used to denote the drain and the source,

respectively, in this specification.

[0024]

(Embodiment 1)

In this embodiment, a structure of a transistor 100 will be described with

reference to FIGS. 1A and IB.

[0025]

FIG 1A is a top view of the transistor 100, and FIG I B corresponds to a

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

[0026]

As illustrated in FIG IB, a source electrode layer 103 is provided over a

substrate 101, and a gate insulating layer 110 and a gate electrode layer 107 are

provided over the source electrode layer 103. The gate insulating layer 110 covers an

upper surface and a bottom surface of the gate electrode layer 107 and is in contact with



the source electrode layer 103. Further, a bottom surface of an oxide semiconductor

layer 111 is in contact with part of the gate insulating layer 110 and part of the source

electrode layer 103. In addition, a drain electrode layer 113 is provided over the oxide

semiconductor layer 111, and a protective insulating layer 115 is provided over the

outermost layer of the transistor 100.

[0027]

In the transistor 100, part of the gate electrode layer 107 overlaps with the

source electrode layer 103 and the drain electrode layer 113, and is covered with the

oxide semiconductor layer 111 with the gate insulating layer 110 interposed

therebetween.

[0028]

The oxide semiconductor layer 111 of the transistor 100 is a highly-purified

oxide semiconductor layer and is an oxide semiconductor layer in which defect levels

are reduced.

[0029]

In the transistor 100, since part of the gate electrode layer 107 is covered with

the oxide semiconductor layer 111, a sufficiently high electric field can be applied to the

oxide semiconductor layer 111; therefore, a channel region is formed in a wide area of

the oxide semiconductor layer 111. Accordingly, large drain current can flow through

the transistor 100.

[0030]

Further, the thickness of the oxide semiconductor layer 111 is made large,

whereby the transistor 100 can have drain-breakdown-voltage characteristics needed for

a semiconductor device for high power application. Further, each of the gate electrode

layer 107 and the gate insulating layer 110 preferably has a comb shape in order to

apply a sufficiently high electric field to the wide area of the oxide semiconductor layer

111.

[0031]

There is no particular limitation on the substrate 101 as long as the substrate

101 at least has heat resistance sufficient 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.



[0032]

As a glass substrate, if the temperature of the heat treatment to be performed

later is high, a glass substrate whose strain point is 730 °C or higher is preferably used.

As a 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 B20 3 is

preferably used.

[0033]

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

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

Alternatively, crystallized glass or the like may be used.

[0034]

The source electrode layer 103 can be formed as a single layer or a stacked

layer using a metal material such as molybdenum, titanium, chromium, tantalum,

tungsten, aluminum, copper, neodymium, scandium, or nickel or an alloy material

which includes any of these materials as a main component. Further, a semiconductor

material typified by polycrystalline silicon that is doped with an impurity element such

as phosphorus, an AgPdCu alloy, an Al-Nd alloy, an Al-Ni alloy or the like may also be

used. The source electrode layer 103 can have a single-layer structure or a stacked

structure of 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 formed over an

aluminum film, a two-layer structure in which a copper film is formed over a

copper-magnesium-aluminum alloy film, a two-layer structure in which a titanium film

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

aluminum film, and a titanium film are stacked in that order, and the like can be given.

[0035]

Further, the source electrode layer 103 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. A stacked structure of the above-described

light-transmitting conductive material and the above-described metal element may be



employed for the source electrode layer 103. Note that the thickness of the source

electrode layer 103 can be determined as appropriate in consideration of adhesion to the

substrate 101, resistivity of the source electrode layer 103, and the like. For example,

the thickness of the source electrode layer 103 may be greater than or equal to 50 nm

and less than or equal to 500 nm.

[0036]

The gate insulating layer 110 can be formed with a silicon oxide film, a silicon

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

film, an aluminum nitride film, an aluminum oxynitride film, an aluminum nitride oxide

film, a tantalum oxide film, or a gallium oxide film. A portion of the gate insulating

layer 110 which is in contact with the oxide semiconductor layer 111 preferably

contains oxygen, and in particular, the gate insulating layer 110 is preferably formed

using a silicon oxide film.

[0037]

When a high-k material such as hafnium oxide, yttrium oxide, hafnium silicate

(HfSixOy ( > 0, y > 0)), hafnium silicate (HfSi O (x > 0, y > 0)) to which nitrogen is

added, or hafnium aluminate (HfAl O x > 0, y > 0)) to which nitrogen is added is used,

gate leakage current can be reduced.

[0038]

Further, the gate insulating layer 110 may have a single-layer structure or a

stacked structure. When the thickness of the gate insulating layer 110 is made large,

gate leakage current can be reduced. Note that the thickness of the gate insulating

layer may be greater than or equal to 50 nm and less than or equal to 500 nm.

[0039]

The gate electrode layer 107 which is formed on the gate insulating layer 110

so as to be covered with the gate insulating layer 110 can be formed using a material

which is similar to that of the source electrode layer 103.

[0040]

The oxide semiconductor layer 111 which covers part of the gate electrode

layer 107 with the gate insulating layer 110 interposed therebetween and which is in

contact with part of the source electrode layer 103 can be formed using a film including



any of the following oxide semiconductors: a quaternary metal oxide such as an

In-Sn-Ga-Zn-O-based oxide semiconductor; ternary metal oxides such as an

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

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

Al-Ga-Zn-O-based oxide semiconductor, and an Sn-Al-Zn-O-based oxide

semiconductor; binary metal oxides such as an In-Zn-O-based oxide semiconductor, an

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

Zn-Mg-O-based oxide semiconductor, an Sn-Mg-O-based oxide semiconductor, and an

In-Mg-O-based oxide semiconductor; an In-O-based oxide semiconductor; an

Sn-O-based oxide semiconductor; and a Zn-O-based oxide semiconductor.

[0041]

In particular, an In-Ga-Zn-O-based oxide semiconductor has sufficiently high

resistance when there is no electric field and can realize a sufficiently small off-state

current. Moreover, the In-Ga-Zn-O-based oxide semiconductor has high field-effect

mobility and thus is suitable for a semiconductor material used for a transistor which is

one embodiment of the present invention. For example, an In-Ga-Zn-O-based oxide

semiconductor means an oxide semiconductor containing indium (In), gallium (Ga), and

zinc (Zn), and there is no limitation on the composition ratio thereof. For the oxide

semiconductor layer, a thin film, represented by the chemical formula, InM03(ZnO)m (

> 0) can be used. Here, M is one or more metal elements selected from Zn, Ga, Al, Mn,

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

The drain breakdown voltage depends on the thickness of the oxide semiconductor

layer; therefore, in order to increase the drain breakdown voltage, the thickness of the

oxide semiconductor layer is preferably large and may correspond to the desired drain

breakdown voltage. For example, the thickness of the oxide semiconductor layer 111

is greater than or equal to 30 nm and less than or equal to 1 µ η , whereby throughput

can be improved.

[0042]

The oxide semiconductor layer can be formed by sputtering or the like using a

metal oxide target. It is preferable that a metal oxide contained in the metal oxide

target have a relative density (also referred as a filling rate) of 80 % or higher,



preferably 95 % or higher, more preferably 99.9 % or higher. The use of the metal

oxide target having high relative density makes it possible to form the oxide

semiconductor layer having a dense structure.

[0043]

Here, it is preferable that the oxide semiconductor layer 111 be highly purified

by sufficient removal of impurities such as hydrogen or sufficient supply of oxygen.

Specifically, the concentration of hydrogen in the oxide semiconductor layer 111 is

lower than or equal to 5 x 1019 atoms/cm3, preferably lower than or equal to 5 x 1018

atoms/cm3, more preferably lower than or equal to 5 x 1017 atoms/cm3, for example.

Note that the concentration of hydrogen in the oxide semiconductor layer 111 is

measured by secondary ion mass spectrometry (SIMS). In this manner, the oxide

semiconductor layer 111 which is highly purified by a sufficient reduction in

concentration of hydrogen and in which defect levels are reduced has low carrier

density due to a donor such as hydrogen. Therefore, the transistor 100 with excellent

off-state current characteristics can be obtained with the use of such an oxide

semiconductor layer that is highly purified.

[0044]

The drain electrode layer 113 in contact with the oxide semiconductor layer 111

can be formed using a material which is similar to that of the source electrode layer 103

and the gate electrode layer 107.

[0045]

The protective insulating layer 115 which is formed on and in contact with the

drain electrode layer 113 can be formed using a material which is similar to that of the

gate insulating layer 110.

[0046]

Here, the drain-breakdown-voltage characteristics of a transistor formed using

an oxide semiconductor will be described.

[0047]

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. It

is known that the impact ionization coefficient that shows probability of impact

ionization has correlation with the band gap and that the impact ionization is unlikely to

occur as the band gap is increased.

[0048]

Since the band gap of the oxide semiconductor is approximately 3 eV to 3.4 eV,

which is larger than the band gap of silicon, approximately 1.1 eV, the avalanche

breakdown is expected to be unlikely to occur. Therefore, a transistor formed using

the oxide semiconductor has high drain-breakdown-voltage characteristics, and an

exponential sudden increase of on-state current is expected to be unlikely to occur when

a high electric field is applied.

[0049]

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

semiconductor will be described.

[0050]

The hot-carrier degradation means deterioration of transistor characteristics,

e.g., variation in the threshold voltage or gate leakage, owing to 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 a phenomenon that electrons

that are accelerated to be rapid 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).

[0051]

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.

[0052]

As described above, the oxide semiconductor layer 111 is formed using an

oxide semiconductor which has excellent drain-breakdown-voltage characteristics and

excellent resistance to hot-carrier degradation; therefore, the transistor 100 which is

described in this embodiment has excellent drain-breakdown-voltage characteristics and

excellent resistance to hot-carrier degradation.

[0053]

This embodiment can be implemented in appropriate combination with the

structure described in any of the other embodiments.

[0054]

(Embodiment 2)

In this embodiment, a transistor 200 having a structure which is partly different

from the structure of the transistor 100 described in Embodiment 1 will be described

with reference to FIGS. 2A and 2B.

[0055]

FIG 2A is a top view of the transistor 200, and FIG 2B corresponds to a

cross-sectional view taken along dashed line C-D in FIG 2A.

[0056]

As illustrated in FIG 2B, the source electrode layer 103 is provided over the

substrate 101, and gate insulating layers 210a and 210b and gate electrode layers 207a

and 207b are provided over the source electrode layer 103. The gate insulating layers

210a and 210b cover upper surfaces and bottom surfaces of the gate electrode layers

207a and 207b and are in contact with the source electrode layer 103. In addition, an

oxide semiconductor layer 211 is provided so as to cover parts of the gate insulating

layers 210a and 210b and to be in contact with part of the electrode layer 103. Further,

the drain electrode layer 113 is provided on and in contact with the oxide semiconductor

layer 211, and the protective insulating layer 115 is provided on and in contact with the

drain electrode layer 113.

[0057]

The transistor 200 is different from the transistor 100 of Embodiment 1 in that



the gate electrode layer 207a and the gate electrode layer 207b face each other with the

oxide semiconductor layer 211 interposed therebetween and the gate insulating layer

210a and the gate insulating layer 210b face each other with the oxide semiconductor

layer 211 interposed therebetween, that is, a pair of the gate electrode layers and a pair

of the gate insulating layers are provided with the oxide semiconductor layer 211

interposed between the gate electrode layers and between the gate insulating layers.

[0058]

In the transistor 200, parts of the gate electrode layers 207a and 207b overlap

with the source electrode layer 103 and the drain electrode layer 113 and are covered

with the oxide semiconductor layer 211 with the gate insulating layers 210a and 210b

interposed therebetween.

[0059]

Further, the oxide semiconductor layer 211 of the transistor 200 is formed

using the material same as that of the oxide semiconductor layer 111; therefore, the

oxide semiconductor layer 211 is a highly-purified oxide semiconductor layer and is an

oxide semiconductor layer in which defect levels are reduced.

[0060]

In the transistor 200, at least parts of the gate electrode layers 207a and 207b

are covered with the oxide semiconductor layer 211, and a sufficiently high electric field

can be applied to the oxide semiconductor layer 211; therefore, a channel region is

formed in a wide area of the oxide semiconductor layer 211. Thus, large drain current

can flow through the transistor 200.

[0061]

Further, the thickness of the oxide semiconductor layer 211 is made large,

whereby the transistor 200 can have drain-breakdown-voltage characteristics needed for

a semiconductor device for high power application. In addition, it is preferable that the

gate electrode layers 207a and 207b and the gate insulating layers 210a and 210b each

have a comb shape in order to apply a sufficiently high electric field to the wide area of

the oxide semiconductor layer 211.

[0062]

In addition, the oxide semiconductor layer 211 described in this embodiment is

the highly-purified oxide semiconductor layer; therefore, the transistor 200 can be a



transistor which has excellent off-state-current characteristics.

[0063]

The substrate 101, the source electrode layer 103, the gate insulating layers

210a and 210b, the gate electrode layers 207a and 207b, the oxide semiconductor layer

211, and the drain electrode layer 113 which are described in this embodiment can be

formed using materials which are similar to those of Embodiment 1.

[0064]

This embodiment can be implemented in appropriate combination with the

structure described in any of the other embodiments.

[0065]

(Embodiment 3)

In this embodiment, a transistor 300 having a structure which is partly different

from the structure of the transistor 200 described in Embodiment 2 will be described

with reference to FIGS. 3A and 3B.

[0066]

FIG 3A is a top view of the transistor 300, and FIG 3B corresponds to a

cross-sectional view taken along dashed line E-F in FIG 3A.

[0067]

As illustrated in FIG 3B, the source electrode layer 103 is provided over the

substrate 101, and an oxide semiconductor layer 311, gate insulating layers 310a and

310b, and gate electrode layers 307a and 307b are provided over the source electrode

layer 103. The gate insulating layers 310a and 310b cover upper surfaces and bottom

surfaces of the gate electrode layers 307a and 307b. The oxide semiconductor layer

311 is in contact with the source electrode layer 103. Portions of the gate insulating

layers 310a and 310b and the gate electrode layers 307a and 307b which overlap with

the source electrode layer 103 are covered with the oxide semiconductor layer 311.

Further, the drain electrode layer 113 is provided over the oxide semiconductor layer

311, and the protective insulating layer 115 is provided over the drain electrode layer

113.

[0068]

The transistor 300 is formed in such a way that the gate electrode layer 307a

and the gate insulating layer 310a face the gate electrode layer 307b and the gate



insulating layer 310b and the oxide semiconductor layer 311 is provided between the

gate electrode layer 307a and the gate electrode layer 307b and between the gate

insulating layer 310a and the gate insulating layer 310b, that is, a pair of the gate

electrode layers 307a and 307b are provided with the oxide semiconductor layer 311

interposed therebetween and a pair of the gate insulating layers 310a and 310b are

provided with the oxide semiconductor layer 311 interposed therebetween.

[0069]

In the transistor 300, the portions of the gate insulating layers 310a and 310b

and the gate electrode layers 307a and 307b, which overlap with the source electrode

layer 103, are covered with the oxide semiconductor layer 311.

[0070]

Further, the oxide semiconductor layer 311 of the transistor 300 is formed

using the material same as that of the oxide semiconductor layer 111; therefore, the

oxide semiconductor layer 311 is a highly-purified oxide semiconductor layer and is an

oxide semiconductor layer in which defect levels are reduced.

[0071]

In the transistor 300, parts of the gate electrode layers 307a and 307b are

covered with the oxide semiconductor layer 311, and a sufficiently high electric field

can be applied to the oxide semiconductor layer 311; therefore, a channel region is

formed in a wide area of the oxide semiconductor layer 311. Thus, large drain current

can flow through the transistor 300.

[0072]

Further, the thickness of the oxide semiconductor layer 311 is made large,

whereby the transistor 300 can have drain-breakdown-voltage characteristics needed for

a semiconductor device for high power application. In addition, it is preferable that the

gate electrode layers 307a and 307b and the gate insulating layers 310a and 310b each

have a comb shape in order to apply a sufficiently high electric field to the wide area of

the oxide semiconductor layer 311.

[0073]

In addition, the oxide semiconductor layer 311 described in this embodiment is

the highly-purified oxide semiconductor layer; therefore, the transistor 300 can be a

transistor which has excellent off-state-current characteristics.



[0074]

The substrate 101, the source electrode layer 103, the gate insulating layers

310a and 310b, the gate electrode layers 307a and 307b, and the drain electrode layer

113 which are described in this embodiment can be formed using materials which are

similar to those of Embodiment 1.

[0075]

This embodiment can be implemented in appropriate combination with the

structure described in any of the other embodiments.

[0076]

(Embodiment 4)

In this embodiment, a transistor having a plurality of units in each of which a

pair of gate electrode layers face each other with an oxide semiconductor layer

interposed therebetween and a pair of gate insulating layers face each other with the

oxide semiconductor layer interposed therebetween will be described. As an example,

a transistor 400 having two units in each of which a pair of gate electrode layers face

each other with an oxide semiconductor layer interposed therebetween and a pair of gate

insulating layers face each other with the oxide semiconductor layer interposed

therebetween will be described with reference to FIGS. 4A and 4B.

[0077]

FIG 4A is a top view of the transistor 400, and FIG 4B corresponds to a

cross-sectional view taken along dashed line G-H in FIG 4A.

[0078]

As shown in FIG 4B and FIG 3B, the transistor 400 corresponds to a transistor

having two units in each of which a pair of the gate electrode layers 307a and 307b face

each other with the oxide semiconductor layer 311 interposed therebetween and a pair

of the gate insulating layers 310a and 310b face each other with the oxide

semiconductor layer 311 interposed therebetween in the transistor 300 described in

Embodiment 3, in an oxide semiconductor layer 411.

[0079]

In the case where the thickness of the oxide semiconductor layer 311 in the

transistor 300 is made large in order to obtain the drain breakdown voltage with respect

to large drain current, when one unit in which a pair of the gate electrode layers 307a



and 307b which face each other with the oxide semiconductor layer 311 interposed

therebetween and a pair of the gate insulating layers 310a and 310b which face each

other with the oxide semiconductor layer 311 interposed therebetween is used, a

sufficiently high electric field cannot be applied to the oxide semiconductor layer 311,

and a wide channel region cannot be formed. As a result, there is a possibility that

large drain current cannot be obtained.

[0080]

Thus, the transistor 400 described in this embodiment has two units in each of

which a pair of the gate electrode layers face each other with the oxide semiconductor

layer 411 interposed therebetween and a pair of the gate insulating layers face each

other with the oxide semiconductor layer 411 interposed therebetween. Accordingly,

even when the thickness of the oxide semiconductor layer 411 which is a channel region

is made large, a sufficiently high electric field can be applied to the oxide

semiconductor layer 411 and a wide channel region can be formed, whereby large drain

current can be obtained.

[0081]

In other words, in the transistor 400, the source electrode layer 103 is provided

over the substrate 101, and the oxide semiconductor layer 411 is provided to be in

contact with the source electrode layer 103. Further, there are portions of a pair of gate

electrode layers 407a and 407b which face each other with the oxide semiconductor

layer 411 interposed therebetween and a pair of gate insulating layers 410a and 410b

which face each other with the oxide semiconductor layer 411 interposed therebetween

and portions of a pair of gate electrode layers 415a and 415b which face each other with

the oxide semiconductor layer 411 interposed therebetween and a pair of gate insulating

layers 417a and 417b which face each other with the oxide semiconductor layer 411

interposed therebetween; these portions which overlap with the source electrode layer

103 are covered with the oxide semiconductor layer 411. Note that the gate insulating

layers 410a and 410b cover upper surfaces and bottom surfaces of the gate electrode

layers 407a and 407b. The gate insulating layers 417a and 417b cover upper surfaces

and bottom surfaces of the gate electrode layers 415a and 415b. Further, the drain

electrode layer 113 is provided over the oxide semiconductor layer 411, and the

protective insulating layer 115 is provided over the drain electrode layer 113.



[0082]

The transistor 400 has two units in each of which a pair of the gate electrode

layers face each other with the oxide semiconductor layer 411 interposed therebetween

and a pair of the gate insulating layers face each other with the oxide semiconductor

layer 411 interposed therebetween.

[0083]

In the transistor 400, the portions, which overlap with the source electrode

layer 103 and the drain electrode layer 113, of the gate electrode layers 407a and 407b,

the gate insulating layers 410a and 410b, the gate electrode layers 415a and 415b, and

the gate insulating layers 417a and 417b are covered with the oxide semiconductor layer

411.

[0084]

Further, the oxide semiconductor layer 411 of the transistor 400 is formed

using the material same as that of the oxide semiconductor layer 111; therefore, the

oxide semiconductor layer 411 is a highly-purified oxide semiconductor layer and is an

oxide semiconductor layer in which defect levels are reduced.

[0085]

In the transistor 400, parts of the gate electrode layers 407a, 407b, 415a, and

415b are covered with the oxide semiconductor layer 411, and a sufficiently high

electric field can be applied to the oxide semiconductor layer 411; therefore, a channel

region is formed in a wide area of the oxide semiconductor layer 411. Thus, large

drain current can flow through the transistor 400.

[0086]

Further, the thickness of the oxide semiconductor layer 411 is made large,

whereby the transistor 400 can have drain-breakdown-voltage characteristics needed for

a semiconductor device for high power application. In addition, it is preferable that the

gate electrode layers 407a and 407b, the gate insulating layers 410a and 410b, the gate

electrode layers 415a and 415b, and the gate insulating layers 417a and 417b each have

a comb shape in order to apply a sufficiently high electric field to the wide area of the

oxide semiconductor layer 411.

[0087]

In addition, the oxide semiconductor layer 411 described in this embodiment is



the highly-purified oxide semiconductor layer; therefore, the transistor 400 can be a

transistor which has excellent off-state-current characteristics.

[0088]

The substrate 101, the source electrode layer 103, the gate insulating layers

410a, 410b, 417a, and 417b, the gate electrode layers 407a, 407b, 415a, and 415b, and

the drain electrode layer 113 which are described in this embodiment can be formed

using materials which are similar to those of Embodiment 1.

[0089]

Although an embodiment in which two units in each of which a pair of the gate

electrode layers face each other with the oxide semiconductor layer interposed

therebetween and a pair of the gate insulating layers face each other with the oxide

semiconductor layer interposed therebetween are used is described in this embodiment,

there is no particular limitation on the number of pairs of the gate electrode layers which

face each other with the oxide semiconductor layer interposed therebetween and the

number of pairs of the gate insulating layers which face each other with the oxide

semiconductor layer interposed therebetween, and the number of the pairs may be

determined as appropriate in accordance with the thickness of the oxide semiconductor

layer so that a sufficiently high electric field is applied to the oxide semiconductor layer.

[0090]

This embodiment can be implemented in appropriate combination with the

structure described in any of the other embodiments.

[0091]

(Embodiment 5)

In this embodiment, a transistor 500 having a structure in which a conductive

layer covered with an oxide semiconductor layer is provided between a pair of gate

electrode layers which face each other with the oxide semiconductor layer interposed

therebetween and between a pair of gate insulating layers which face each other with the

oxide semiconductor layer interposed therebetween will be described with reference to

FIGS. 5A and 5B. Further, a transistor having a structure in which a plurality of units

in each of which a pair of gate electrode layers face each other with an oxide

semiconductor layer interposed therebetween and a pair of gate insulating layers face

each other with the oxide semiconductor layer interposed therebetween is provided and



a conductive layer covered with the oxide semiconductor layer is provided between the

pair of the gate electrode layers and between the pair of the gate insulating layers will be

described. As an example, a transistor 600 having a structure in which two units in

each of which a pair of gate electrode layers face each other with an oxide

semiconductor layer interposed therebetween and a pair of gate insulating layers face

each other with the oxide semiconductor layer interposed therebetween are provided

and a conductive layer covered with the oxide semiconductor layer is provided between

the pair of the gate electrode layers and between the pair of the gate insulating layers

will be described with reference to FIGS. 6Ato 6B.

[0092]

FIG 5A is a top view of the transistor 500, and FIG 5B corresponds to a

cross-sectional view taken along dashed line I-J in FIG 5A. Note that when the

transistor 500 is described, the portions which are the same as those of the transistor 300

are denoted by common reference numerals which are used in the description of the

transistor 300.

[0093]

As shown in FIG 5B and FIG 3B, in the transistor 500, a conductive layer 520

covered with the oxide semiconductor layer 311 is provided between the pair of the gate

electrode layers 307a and 307b which face each other with the oxide semiconductor

layer 311 interposed therebetween and between the pair of the gate insulating layers

310a and 310b which face each other with the oxide semiconductor layer 311 interposed

therebetween in the transistor 300 described in Embodiment 3. The other structures of

the transistor 500 are the same as those of the transistor 300.

[0094]

In the case where the oxide semiconductor layer 311 which is a channel region

in the transistor 300 is formed to be thick, the oxide semiconductor layer 311 might be

separated by stress. In addition, a distortion (dent) is generated in the thick portion of

the oxide semiconductor layer 311 in a stacked structure of the transistor 300, whereby

the oxide semiconductor layer 311 might be separated.

[0095]

Thus, as in this embodiment, the conductive layer 520 covered with the oxide

semiconductor layer 311 is formed between the pair of the gate electrode layers 307a



and 307b which face each other with the oxide semiconductor layer 311 interposed

therebetween and between the pair of the gate insulating layers 310a and 310b which

face each other with the oxide semiconductor layer 311 interposed therebetween.

Therefore, even in the case where the oxide semiconductor layer 311 which is a channel

region is formed to be thick, the stress of the oxide semiconductor layer 311 is relieved,

whereby separation of the oxide semiconductor layer 311 can be prevented. Further,

the distortion (dent) formed in the thick portion of the oxide semiconductor layer 311 is

released, and the stacked structure of the transistor 300 is close to a flat shape. Thus,

separation of the oxide semiconductor layer 311 can also be prevented.

[0096]

The conductive layer 520 can be formed using a material which is similar to

that of the source electrode layer 103, the gate electrode layer 107, or the drain electrode

layer 113 described in Embodiment 1. Further, the conductive layer 520 is formed at

the same time as the pair of the gate electrode layers 307a and 307b which face each

other are formed.

[0097]

Next, the transistor 600 having a structure in which two units in each of which

a pair of gate electrode layers face each other with an oxide semiconductor layer

interposed therebetween and a pair of gate insulating layers face each other with the

oxide semiconductor layer interposed therebetween are provided and conductive layers

which are formed so as to be covered with the oxide semiconductor layer are provided

in each of the units in each of which the pair of the gate electrode layers and the pair of

the gate insulating layers are provided will be described with reference to FIGS. 6A to

6B.

[0098]

FIG 6A is a top view of the transistor 600, and FIG 6B corresponds to a

cross-sectional view taken along dashed line K-L in FIG 6A. Note that when the

transistor 600 is described, the portions which are the same as those of the transistor 400

are denoted by common reference numerals which are used in the description of the

transistor 400.

[0099]

In the case where the oxide semiconductor layer 411 which is a channel region



in the transistor 400 is formed to be thick, the oxide semiconductor layer 411 might be

separated by stress. In addition, a distortion (dent) is generated in the thick portion of

the oxide semiconductor layer 411 in a stacked structure of the transistor 400, whereby

the drain electrode layer 411 might be separated.

[0100]

Thus, as illustrated in FIG 6B, a conductive layer 620 covered with the oxide

semiconductor layer 411 is formed in the unit in which the pair of the gate electrode

layers and the pair of the gate insulating layers are provided and a conductive layer 622

covered with the oxide semiconductor layer 411 is formed in the unit in which the pair

of the gate electrode layers and the pair of the gate insulating layers are provided.

Therefore, even in the case where the oxide semiconductor layer 411 which is a channel

region is formed to be thick, the stress of the oxide semiconductor layer 411 is relieved,

whereby separation of the oxide semiconductor layer 411 can be prevented. Further,

the distortion (dent) formed in the thick portion of the oxide semiconductor layer 411 is

released, and the stacked structure of the transistor 400 is close to a flat shape. Thus,

separation of the oxide semiconductor layer 411 can also be prevented.

[0101]

Each of the conductive layer 620 and the conductive layer 622 can be formed

using a material which is similar to that of the source electrode layer 103, the gate

electrode layer 107, or the drain electrode layer 113 described in Embodiment 1.

Further, the conductive layer 620 and the conductive layer 622 are formed at the same

time as the pair of the gate electrode layers 407a and 407b facing each other and the pair

of the gate electrode layers 415a and 415b facing each other are formed.

[0102]

In the transistor 500, parts of the gate electrode layers 307a and 307b are

covered with the oxide semiconductor layer 311, and a sufficiently high electric field

can be applied to the oxide semiconductor layer 311; therefore, a channel region is

formed in a wide area of the oxide semiconductor layer 311. Thus, large drain current

can flow through the transistor 500.

[0103]

In the transistor 600, parts of the gate electrode layers 407a, 407b, 415a, and

415b are covered with the oxide semiconductor layer 411, and a sufficiently high



electric field can be applied to the oxide semiconductor layer 411; therefore, a channel

region is formed in a wide area of the oxide semiconductor layer 411. Thus, large

drain current can flow through the transistor 600.

[0104]

Further, the thickness of the oxide semiconductor layer 311 and the thickness

of the oxide semiconductor layer 411 are made large, whereby the transistor 500 and the

transistor 600 can have drain-breakdown-voltage characteristics needed for a

semiconductor device for high power application. In addition, it is preferable that the

gate electrode layers and the gate insulating layers each have a comb shape in order to

apply a sufficiently high electric field to the wide areas of the oxide semiconductor layer

311 and the oxide semiconductor layer 411.

[0105]

This embodiment can be implemented in appropriate combination with the

structure described in any of the other embodiments.

[0106]

(Embodiment 6)

In this embodiment, a transistor 700 and a transistor 800 will be described with

reference to FIGS. 7A and 7B and FIGS. 8A and 8B.

[0107]

In Embodiments 1 to 5, a preferable shape of each of the gate electrode layers

and the gate insulating layers is a comb shape; however, a gate electrode layer may have

a circular shape surrounding an oxide semiconductor layer as illustrated in FIGS. 7A.

and 7B and FIGS. 8A and 8B. Further, in consideration of the influence (such as

separation of the thick portion of the oxide semiconductor layer by stress) which is

generated in the case where the oxide semiconductor layer is formed to be thick as

described in Embodiment 5, a conductive layer covered with an oxide semiconductor

layer can be formed inside a gate electrode layer and a gate insulating layer which are

formed to have circular shapes as illustrated in FIG 8B. In other words, the gate

electrode layer can have a circular shape in Embodiments 1 to 5.

[0108]

In addition, a gate electrode layer and a gate insulating layer are not limited to

one unit in which a pair of gate electrode layers face each other with an oxide



semiconductor layer interposed therebetween and a pair of gate insulating layers face

each other with the oxide semiconductor layer interposed therebetween. A plurality of

the units may be formed, which is preferable in the case where the oxide semiconductor

layer which is a channel region is formed to be thick; accordingly, a sufficiently high

electric field can be applied to the thick oxide semiconductor layer.

[0109]

First, as an example, the transistor 700 will be described in which one gate

electrode layer and one gate insulating layer which are formed to have circular shapes

are provided and upper surfaces and bottom surfaces of the gate electrode layer and the

gate insulating layer are covered with an oxide semiconductor layer.

[0110]

FIG 7A is a top view of the transistor 700, and FIG 7B corresponds to a

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

[0111]

In other words, in the transistor of FIG 7B described in this embodiment, the

source electrode layer 103 is formed over the substrate 101, and an oxide semiconductor

layer 711 is provided in contact with the source electrode layer 103. A gate electrode

layer 707 and a gate insulating layer 710 are formed to have circular shapes so as to

surround the oxide semiconductor layer 711, and the oxide semiconductor layer 711 is

in contact with the gate insulating layer 710 covering the upper surface and bottom

surface of the gate electrode layer 707. In addition, the drain electrode layer 113 is

provided over the oxide semiconductor layer 711. In the transistor 700, a portion of

the gate electrode layer 707 and the gate insulating layer 710, which overlaps with the

source electrode layer 103 and the drain electrode layer 113 is embedded in the oxide

semiconductor layer 711 in a manner similar to that of the transistors described in

Embodiments 1 to 5.

[0112]

Next, FIG 8A is a top view of the transistor 800, and FIG 8B corresponds to a

cross-sectional view taken along dashed line O-P in FIG 8A.

[0113]

As the transistor 800 of FIGS. 8A and 8B described in this embodiment, a

conductive layer 820 is provided inside the gate electrode layer 707 and the gate



insulating layer 710 which are formed to have circular shapes so as to surround the

oxide semiconductor layer 711 for the transistor 700. In the transistor 800, the effect

of providing the conductive layer 820 for the transistor 700 is similar to the effect of

providing the conductive layer 520, the conductive layer 620, and the conductive layer

622, which is described in Embodiment 5.

[0114]

Further, the substrate 101, the source electrode layer 103, the oxide

semiconductor layer 711, the gate electrode layer 707, the gate insulating layer 710, and

the drain electrode layer 113 in each of the transistor 700 and the transistor 800 can be

formed using the materials which a e described in Embodiment 1. In addition, the

conductive layer 820 in the transistor 800 is formed at the same time as the gate

electrode layer 707 is formed; accordingly, the conductive layer 820 is formed using the

same material as that of the gate electrode layer 707.

[0115]

In the transistor 700 and the transistor 800, part of the gate electrode layer 707

is covered with the oxide semiconductor layer 711, and a sufficiently high electric field

can be applied to the oxide semiconductor layer 711; therefore, a channel region is

formed in a wide area of the oxide semiconductor layer 711. Thus, large drain current

can flow through the transistor 700.

[0116]

Further, the thickness of the oxide semiconductor layer 711 is made large,

whereby the transistor 700 and the transistor 800 can have drain-breakdown-voltage

characteristics needed for a semiconductor device for high power application.

[0117]

This embodiment can be implemented in appropriate combination with the

structure described in any of the other embodiments.

[0118]

(Embodiment 7)

In this embodiment, methods for manufacturing the transistor 100 and the

transistor 200 will be described. First, the method for manufacturing the transistor 100

will be described with reference to FIGS. 9A to 9C.

[0119]



Abase insulating layer is formed over the substrate 101. Through this process,

impurities in a glass substrate can be prevented from entering the transistors to be

formed. Note that for convenience, the base insulating layer is not illustrated in FIGS.

9Ato 9C.

[0120]

The base insulating layer can be formed by a sputtering method, a CVD

method, a coating method, or the like.

[0121]

Note that when the base insulating layer is formed by a sputtering method, the

base insulating layer is preferably formed while hydrogen, water, a hydroxyl group,

hydride, or the like remaining in a treatment chamber is removed. This is for

preventing hydrogen, water, a hydroxyl group, hydride, or the like from being contained

in the base insulating layer. It is preferable to use an entrapment vacuum pump in

order to remove hydrogen, water, a hydroxyl group, hydride, or the like remaining in the

treatment chamber. As an entrapment vacuum pump, for example, a cryopump, an ion

pump, or a titanium sublimation pump is preferably used. The evacuation unit may be

a turbo pump provided with a cold trap. Hydrogen, water, a hydroxyl group, hydride,

or the like is removed from the treatment chamber which is evacuated with a cryopump;

thus, when the base insulating layer is formed in the treatment chamber, the

concentration of impurities contained in the base insulating layer can be reduced.

[0122]

As a sputtering gas used for forming the base insulating layer, a high-purity gas

is preferably used in which impurities such as hydrogen, water, a hydroxyl group, or

hydride are reduced to such a level that the impurity concentration is represented by the

unit "ppm" or "ppb".

[0123]

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

over the substrate 101 in such a manner that the substrate 101 is introduced into the

treatment chamber, a sputtering gas containing high-purity oxygen from which

hydrogen, water, a hydroxyl group, hydride, or the like is removed is introduced into the

treatment chamber, and a silicon target is used. Note that when the base insulating

layer is formed, the substrate 101 may be heated.



[0124]

When the base insulating layer is formed using a stacked structure, for example,

a silicon nitride film is formed using a silicon target and a sputtering gas containing

high-purity nitrogen, from which hydrogen, water, a hydroxyl group, hydride, or the like

is removed, between the silicon oxide film and the substrate. Also in this case, it is

preferable that a silicon nitride film be formed while hydrogen, water, a hydroxyl group,

hydride, or the like remaining in the treatment chamber is removed in a manner similar

to the case of the silicon oxide film. Note that in the process, the substrate 101 may be

heated.

[0125]

In the case where a silicon nitride film and a silicon oxide film are stacked as

the base insulating layer, the silicon nitride film and the silicon oxide film can be

formed 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 a sputtering 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 a

sputtering gas containing oxygen and the same silicon target is used. The silicon

nitride film and the silicon oxide film can be formed in succession without being

exposed to the air; therefore, impurities such as hydrogen, water, a hydroxyl group, or

hydride can be prevented from being attached to the surface of the silicon nitride film.

[0126]

Then, the source electrode layer 103 is formed over the base insulating layer.

First, a conductive film is formed over the substrate 101 by a sputtering method which

is a physical vapor deposition method (PVD method), a chemical vapor deposition

method (CVD method), or a vacuum evaporation method. A resist mask is formed

over the conductive film in a first photolithography step, and first etching is performed

on the conductive film using the resist mask, whereby the source electrode layer 103 is

formed. Alternatively, the source electrode layer 103 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 the end portions of the source electrode layer 103 preferably

have a tapered shape because the coverage with the gate insulating layer formed later

can be improved.



[0127]

In this embodiment, as the conductive film to be the source electrode layer 103,

a 50-nm-thick titanium film, a 100-nm-thick aluminum film, and a 50-nm-thick titanium

film are stacked in that order by a sputtering method, and the first etching is performed

using the resist mask formed in the first photolithography step, whereby the source

electrode layer 103 is formed.

[0128]

Next, a first insulating film 104 to be the gate insulating layer 110 is formed

over the source electrode layer 103. The first insulating film 104 to be the gate

insulating layer 110 is formed by a sputtering method, whereby concentration of

hydrogen in the insulating film 104 can be reduced. In the case of forming a silicon

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

and oxygen or a mixed gas of oxygen and argon is used as a sputtering gas. The first

insulating film 104 is preferably formed so that concentration of hydrogen is reduced.

The first insulating film 104 may be formed using a similar method to a method for

forming the base insulating layer. For example, the first insulating film 104 is formed

using a sputtering gas containing high-purity oxygen from which hydrogen, water, a

hydroxyl group, hydride, or the like is removed, or the first insulating film 104 is

formed while hydrogen, water, a hydroxyl group, hydride, or the like remaining in the

treatment chamber is removed. Further, preheat treatment is preferably performed

before the first insulating film 104 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 first insulating film 104 is formed without exposure to

the air. Note that in this embodiment, a silicon oxide film with a thickness of 100 nm

is formed.

[0129]

The first insulating film 104 can have a stacked structure. For example, a

stacked structure may be used in which a silicon oxide film (Si(¾ (x > 0)) with a

thickness greater than or equal to 5 nm and less than or equal to 300 nm is formed and a

silicon nitride film (SiNy (y > 0)) with a thickness greater than or equal to 50 nm and



less than or equal to 200 nm is formed over the silicon oxide film by a sputtering

method.

[0130]

Next, the gate electrode layer 107 is formed over the first insulating film 104.

The gate electrode layer 107 can be formed in a manner similar to that of the source

electrode layer 103. First, a conductive film is formed over the first insulating film

104, a resist mask is formed in a second photolithography step, and second etching is

performed on the conductive film using the resist mask, whereby the gate electrode

layer 107 can be formed. In this embodiment, after a titanium film with a thickness of

150 nm is formed by a sputtering method, the gate electrode layer 107 is formed by the

photolithography step and the etching step. Through the step of forming the gate

electrode layer 107, a gate wiring can also be formed at the same time.

[0131]

A second insulating film 106 to be the gate insulating layer 110 is formed over

the first insulating film 104 and the gate electrode layer 107. The second insulating

film 106 can be formed in a manner similar to that of the first insulating film 104. In

this embodiment, a silicon oxide film with a thickness of 100 nm is formed by a

sputtering method. The steps up to here are illustrated in FIG 9A.

[0132]

Next, a resist mask is formed in a third photolithography step so as to expose

part of the source electrode layer 103, and the first insulating film 104 and the second

insulating film 106 are etched using the resist mask, whereby the gate insulating layer

110 is formed.

[0133]

Next, an island-shaped oxide semiconductor layer to be in contact with the gate

insulating layer 110 and part of the source electrode layer 103 is formed. Then, the

drain electrode layer 113 which is in contact with the island-shaped oxide

semiconductor layer is formed.

[0134]

First, an oxide semiconductor film is formed by a sputtering method, a coating

method, a printing method, or the like over the gate insulating layer 110 and part of the

source electrode layer 103. Next, a conductive film to be the drain electrode layer 113



is formed over the oxide semiconductor film. In this embodiment, the oxide

semiconductor film is formed by a sputtering method.

[0135]

As pretreatment, it is preferable that the substrate 101 formed through the steps

up to and including the step of FIG 9A be preheated in a preheating chamber of a

sputtering apparatus and impurities such as hydrogen, water, a hydroxyl group, or

hydride attached to the substrate 101 be eliminated and removed so that hydrogen is

contained in the oxide semiconductor film as little as possible. As an exhaustion unit

provided in the preheating chamber, a cryopump is preferable. Note that this

preheating treatment can be omitted. This preheating step may be performed on the

substrate 101 over which the source electrode layer 103 has been formed but the gate

insulating layer 110 has not been formed or may be performed on the substrate 101 over

which the drain electrode layer 113 formed in the later step has not been formed.

[0136]

Note that before the oxide semiconductor film is formed by a sputtering

method, reverse sputtering in which plasma is generated by introduction of an argon gas

is preferably performed, and the oxide film and particles attached to the surfaces of the

gate insulating layer 110 and part of the source electrode layer 103 are removed, so that

resistance at the interface between the gate insulating layer 110 and the oxide

semiconductor film and between part of the source electrode layer 103 and the oxide

semiconductor film can be reduced. The reverse sputtering refers to a method in

which, without application of voltage to a target side, a high-frequency power source is

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

generated in the vicinity of the substrate to modify a surface. Note that instead of an

argon atmosphere, a nitrogen atmosphere, a helium atmosphere, or the like may be used.

[0137]

In this embodiment, the oxide semiconductor film is formed by a sputtering

method with the use of an oxide semiconductor target. The oxide semiconductor film

can be formed by a sputtering method in a rare gas (typically argon) atmosphere, an

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

When a sputtering method is employed, a target containing Si0 2 at 2 wt% to 10 wt ,

inclusive may be used.



[0138]

As a sputtering gas used for forming the oxide semiconductor film, a

high-purity gas is preferably used in which impurities such as hydrogen, water, a

hydroxyl group, or hydride are reduced to such a level that the impurity concentration is

represented by the unit "ppm" or "ppb".

[0139]

As an example of an oxide semiconductor target used in this embodiment, an

oxide semiconductor target containing In, Ga, and Zn (composition ratio is

In20 3:Ga20 3:ZnO = 1:1:1 [molar ratio], that is, In:Ga:Zn = 1:1:0.5 [molar ratio]) can be

used. As the oxide semiconductor target containing In, Ga, and Zn, a target having a

composition ratio of In:Ga:Zn = 1:1:1 [molar ratio] or In:Ga:Zn = 1:1:2 [molar ratio]

can also be used. The filling rate of the oxide semiconductor target is higher than or

equal to 90 % and lower than or equal to 100 , preferably higher than or equal to 95 %

and lower than or equal to 99.9 %. An oxide semiconductor film which is formed

using the oxide semiconductor target with high filling rate is dense.

[0140]

In the case where an In-Zn-O-based material is used as an oxide semiconductor,

a target therefore has a composition ratio of In:Zn = 50:1 to 1:2 in an atomic ratio

(ln20 3: ZnO = 25:1 to 1:4 in a molar ratio), preferably, In:Zn = 20:1 to 1:1 in an atomic

ratio (ln20 3: ZnO = 10:1 to 1:2 in a molar ratio), further preferably, In:Zn = 15:1 to

1.5:1 in an atomic ratio (ln20 3: ZnO = 15:2 to 3:4 in a molar ratio). For example, in a

target used for formation of an In-Zn-O-based oxide semiconductor which has an

atomic ratio of In:Zn:0 = X:Y:Z, the relation of Z > 1.5X + Yis satisfied.

[0141]

The oxide semiconductor film is formed over the source electrode layer 103

and the gate insulating layer 110 in such a manner that a sputtering gas from which

hydrogen, water, a hydroxyl group, hydride, or the like is removed is introduced into the

treatment chamber and a metal oxide is used as a target while the substrate is held in the

treatment chamber held in a reduced-pressure state and moisture remaining in the

treatment chamber is removed. It is preferable to use an entrapment vacuum pump in

order to remove hydrogen, water, a hydroxyl 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. The evacuation unit may be a turbo pump provided with a

cold trap. For example, hydrogen, water, a hydroxy group, hydride, or the like (more

preferably, including a compound containing a carbon atom) is exhausted from the

treatment chamber with the use of a cryopump. Therefore, the concentration of

impurities contained in the oxide semiconductor film formed in this chamber can be

reduced. The oxide semiconductor film may be formed while the substrate is heated.

[0142]

In this embodiment, as an example of the film formation condition, the

following conditions are applied: the distance between the substrate 101 and the target

is 170 mm; the substrate temperature is 250 °C; the pressure is 0.4 Pa; the direct current

(DC) power is 0.5 kW; and the atmosphere contains oxygen, the atmosphere contains

argon, or the atmosphere contains oxygen and argon. Note that a pulsed direct-current

(DC) power source is preferably used, in which case dust can be reduced and the

thickness can be uniform. The thickness of the oxide semiconductor film is preferably

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

oxide semiconductor film is 100 nm in this embodiment. Note that the appropriate

thickness of the oxide semiconductor film differs depending on the oxide semiconductor

material to be used for the oxide semiconductor layer 111; therefore, the thickness may

be determined as appropriate in accordance with the oxide semiconductor material.

[0143]

The conductive film to be the drain electrode layer 113 can be formed in a

manner similar to that of the source electrode layer 103. In this embodiment, as the

conductive film to be the drain electrode layer 113, a 50-nm-thick titanium film, a

100-nm-thick aluminum film, and a 50-nm-thick titanium film are stacked in that order.

[0144]

Next, a resist mask is formed over the conductive film in a fourth

photolithography step, the conductive film to be the drain electrode layer 113 and the

oxide semiconductor film to be the island-shaped oxide semiconductor layer are etched

using the resist mask, whereby the drain electrode layer 113 and the island-shaped oxide

semiconductor layer are formed. By forming a resist mask using an inkjet method

instead of the resist mask formed in the fourth photolithography step, the number of



steps can be reduced. Note that the etching of the conductive film and the oxide

semiconductor film here may be performed using either dry etching or wet etching, or

using both dry etching and wet etching. The etching conditions (such as an etchant,

etching time, and temperature) are adjusted as appropriate in accordance with the

material in order to form the drain electrode layer 113 and the island-shaped oxide

semiconductor layer with desired shapes. For example, the conductive film may be

processed into the drain electrode layer 113 by wet etching; then, the oxide

semiconductor film may be processed into the island-shaped oxide semiconductor layer

by dry etching using the drain electrode layer 113 as a mask.

[0145]

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 31 wt : ammonia water at 28 wt%: water = 5:2:2

(volume ratio)), or the like can be used. In addition, ΓΤΟ07Ν (produced by KANTO

CHEMICAL CO., INC.) may also be used.

[0146]

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. When a material such as indium contained in

the oxide semiconductor film is collected from the waste liquid after the etching and

reused, the resources can be efficiently used and the cost can be reduced.

[0147]

As an etching gas used for dry etching of the oxide semiconductor film, a gas

containing chlorine (a chlorine-based gas such as chlorine (CI2), boron trichloride

(BCI3), silicon tetrachloride (S1CI4), or carbon tetrachloride (CCI4)) is preferably used.

[0148]

Alternatively, a gas containing fluorine (fluorine-based gas such as carbon

tetrafluoride (CF4), sulfur hexafluoride (SF6), 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.

[0149]

As the dry etching method, a parallel plate reactive ion etching (RIE) method



or an inductively coupled plasma (ICP) etching method can be used. In order to etch

the film into a desired shape, 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) is

adjusted as appropriate.

[0150]

The steps up to here are illustrated in FIG 9B.

[0151]

Next, the island-shaped oxide semiconductor layer is subjected to heat

treatment. The temperature of the heat treatment is higher than or equal to 400 °C and

lower than or equal to 750 °C, preferably higher than or equal to 400 °C and lower than

the strain point of the substrate. Here, the substrate is introduced into an electric

furnace that is a kind of heat treatment apparatus and heat treatment is performed on the

island-shaped oxide semiconductor layer at 450 °C in an atmosphere of an inert gas

such as nitrogen or a rare gas for one hour. Then, the oxide semiconductor layer is not

exposed to air; accordingly, hydrogen, water, a hydroxyl group, hydride, or the like can

be prevented from entering the island-shaped oxide semiconductor layer. As a result,

the highly-purified oxide semiconductor layer 111 whose concentration of hydrogen is

reduced can be obtained. That is, at least one of dehydration and dehydrogenation of

the island-shaped oxide semiconductor layer can be performed by the heat treatment.

[0152]

Note that it is preferable that in the heat treatment, hydrogen, water, a hydroxyl

group, hydride, or the like be not contained in nitrogen or a rare gas such as helium,

neon, or argon. Alternatively, the purity of nitrogen or a rare gas such as helium, neon,

or argon introduced into a heat treatment apparatus is preferably 6N (99.9999 %) or

higher, more preferably 7N (99.99999 ) or higher (that is, the concentration of the

impurities is 1 ppm or lower, preferably 0.1 ppm or lower).

[0153]

In addition, the heat treatment performed on the island-shaped oxide

semiconductor layer may be performed before the fourth photolithography step which is

performed on the oxide semiconductor film and the conductive layer to be the drain



electrode layer 113. In that case, after the heat treatment, the substrate is taken out of

the heat treatment apparatus and the fourth photolithography step is performed.

Alternatively, the heat treatment may be performed before the conductive film to be the

drain electrode layer 113 is formed over the oxide semiconductor film.

[0154]

Next, the protective insulating layer 115 is formed. The protective insulating

layer 115 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. The protective insulating layer 115 can be

formed in a manner similar to the first insulating film 104 and the second insulating film

106.

[0155]

After the protective insulating layer 115 is formed, heat treatment may be

further performed at higher than or equal to 100 °C and lower than or equal to 200 °C in

air for longer than or equal to 1 hour and shorter than or equal to 30 hours. In that case,

the heat treatment can be referred to as second heat treatment, and the heat treatment in

which at least one of dehydration and dehydrogenation is performed can be referred to

as first heat treatment. Reliability of the transistor 100 can be improved by the second

heat treatment. The steps up to here are illustrated in FIG 9C.

[0156]

Through the above process, the transistor 100 including the oxide

semiconductor layer 111 which is highly purified and whose concentration of hydrogen

is reduced can be formed. Therefore, by the manufacturing method described in this

embodiment, the transistor 100 in which large drain current can flow and which has

high drain-breakdown-voltage characteristics as described in Embodiment 1 can be

formed.

[0157]

Here, the method for manufacturing the transistor 200 will be described with

reference to FIGS. 10A and 10B. As the transistor 200, a photolithography step is

performed and a resist mask is formed in such a way that conductive films serving as



the gate electrode layers 207a and 207b face each other when the gate electrode layer

107 is formed in the method for manufacturing the transistor 100. The conductive film

is etched using the resist mask, whereby the gate electrode layers 207a and 207b which

face each other can be formed (see FIG 10A).

[0158]

Then, the steps described in this embodiment are performed as appropriate,

whereby the transistor 200 described in Embodiment 2 can be formed (see FIG 10B).

[0159]

This embodiment can be implemented in appropriate combination with the

structure described in any of the other embodiments.

[0160]

(Embodiment 8)

In this embodiment, methods for manufacturing the transistor 300, the

transistor 400, and the transistor 700 will be described. First, the transistor 300 will be

described with reference to FIGS. 11A to 11D.

[0161]

A substrate which is similar to that in Embodiment 7 can be used as the

substrate 101. Then, the base insulating layer and the source electrode layer 103 are

formed in a manner similar to those of Embodiment 7.

[0162]

Next, an oxide semiconductor layer 308 is formed over the source electrode

layer 103 (see FIG 11A).

[0163]

A first oxide semiconductor film to be the oxide semiconductor layer 308 can

be formed in a manner similar to that in Embodiment 7. Here, an In-Ga-Zn-O-based

oxide semiconductor film with a thickness of 100 nm is formed over the source

electrode layer 103. Then, a photolithography step is performed, and the first oxide

semiconductor film is etched, whereby the oxide semiconductor layer 308 is formed.

The photolithography step and the etching step may be performed in a manner similar to

those of Embodiment 7.

[0164]

Next, the gate electrode layers 307a and 307b which face each other and which



are covered with the gate insulating layers 310a and 310b are formed over the oxide

semiconductor layer 308. The gate electrode layers 307a and 307b which face each

other and the gate insulating layers 310a and 310b can be formed by the method

described in Embodiment 7 (see FIG 11B).

[0165]

Next, a second oxide semiconductor film is formed over the gate insulating

layers 310a and 310b and part of the oxide semiconductor layer 308. The second

oxide semiconductor film is formed in a manner similar to that of the first oxide

semiconductor film. In this embodiment, an In-Ga-Zn-O-based oxide semiconductor

film is formed to 100 nm. Further, a conductive film to be the drain electrode layer

113 is formed over the second oxide semiconductor film in a manner similar to that in

Embodiment 7. Here, a 50-nm-thick titanium film, a 100-nm-fhick aluminum film,

and a 50-nm-thick titanium film are stacked in that order.

[0166]

A photolithography step and an etching step are performed. Then, heat

treatment in which at least one of dehydration and dehydrogenation is performed is

carried out, whereby the oxide semiconductor layer 311 and the drain electrode layer

113 are formed (see FIG 11C). The photolithography step and the etching step here

can be performed by the method described in Embodiment 7. With this step, a

structure includes a pair of the gate electrode layers 307a and 307b which face each

other with the oxide semiconductor layer 311 interposed therebetween and a pair of the

gate insulating layers 310a and 310b which face each other with the oxide

semiconductor layer 311 interposed therebetween, which is the feature of the transistor

300 described in Embodiment 3. The heat treatment can be performed by a method

which is similar to that in Embodiment 7, and the heat treatment can also be performed

at the timing which is the same as the timing described in Embodiment 7.

[0167]

Next, the protective insulating layer 115 is formed in a manner similar to that in

Embodiment 7, and further the second heat treatment described in Embodiment 7 is

performed as appropriate, whereby the transistor 300 described in Embodiment 3 can be

formed (see FIG 11D).

[0168]



Here, a method for manufacturing the transistor 400 described in Embodiment

4 will be described with reference to FIGS. 12A to 12D. After the oxide

semiconductor layer 311 described in this embodiment is formed (see FIG 12A), an

insulating film 401 and a conductive film 403 which is to serve as the gate electrode

layers 415a and 415b later are formed over the oxide semiconductor layer 311 (see FIG

12B). Then, the gate electrode layers 415a and 415b are formed by performing a

photolithography step and an etching step. After that, an insulating film is formed so

as to cover the gate insulating layers 417a and 417b, and a photolithography step and an

etching step are performed, whereby the gate insulating layers 417a and 417b can be

formed (see FIG 12C). Note that for the detailed description of the gate electrode

layers 415a and 415b and the gate insulating layers 417a and 417b, refer to the

description in Embodiment 7, as appropriate.

[0169]

Next, a third oxide semiconductor film is further formed over the oxide

semiconductor layer 311, and a photolithography step and an etching step are performed,

whereby the oxide semiconductor layer 411 is formed. The third oxide semiconductor

film may be formed in a manner similar to that of the first oxide semiconductor film and

the second oxide semiconductor film. Note that the oxide semiconductor layer 411 is

subjected to heat treatment in which at least one of dehydration and dehydrogenation is

performed (the first heat treatment described in Embodiment 7), as appropriate.

[0170]

Over the oxide semiconductor layer 411, the drain electrode layer 113 and the

protective insulating layer 115 are formed by the method described in Embodiment 7,

and the second heat treatment described in Embodiment 7 is performed, as appropriate.

Accordingly, the transistor 400 having two units in each of which a pair of the gate

electrode layers face each other with an oxide semiconductor layer interposed

therebetween and a pair of the gate insulating layers face each other with the oxide

semiconductor layer interposed therebetween, which is described in Embodiment 4, can

be formed (see FIG 12D).

[0171]

Here, a method for manufacturing the transistor 700 will be described. In the

manufacturing steps of the transistor 300, a photolithography step and an etching step



are performed in such a way that a conductive film serving as the gate electrode layers

307a and 307b are formed to have circular shapes (see FIGS. 7A and 7B). Then, the

method for manufacturing the transistor 300 described in this embodiment is used as

appropriate, whereby the transistor 700 can be formed in such a way that the gate

electrode layer 707 and the gate insulating layer 710 which are covered with the oxide

semiconductor layer 711 described in Embodiment 6 have circular shapes so as to

surround the oxide semiconductor layer 711.

[0172]

This embodiment can be implemented in appropriate combination with the

structure described in any of the other embodiments.

[0173]

(Embodiment 9)

In this embodiment, a method for manufacturing the transistor 500 will be

described with reference to FIGS. 13A to 13E.

[0174]

A substrate which is similar to that in Embodiment 7 can be used as the

substrate 101. Then, the base insulating layer and the source electrode layer 103 are

formed in a manner similar to that in Embodiment 7.

[0175]

Next, the oxide semiconductor layer 308 is formed over the source electrode

layer 103 by a method which is similar to that described in Embodiment 7 (see FIG

13A), and a first insulating film is formed over the oxide semiconductor layer 308. A

photolithography step and an etching step are performed on the first insulating film so

as to expose part of the oxide semiconductor layer 308. As illustrated in FIG 13B,

over the island-shaped first insulating film and the oxide semiconductor layer 308

which is partly exposed, a conductive film 505 which is to serve as the gate electrode

layers 307a and 307b and the conductive layer 520 later is formed.

[0176]

As illustrated in FIG 13C, a photolithography step and an etching step are

performed on the conductive film 505, whereby the gate electrode layers 307a and 307b

and the conductive layer 520 are formed.

[0177]



Next, a second insulating film in contact with the gate electrode layers 307a

and 307b and the conductive layer 520 is formed, and a photolithography step and an

etching step are performed, whereby the gate insulating layers 310a and 310b are

formed so as to cover the gate electrode layers 307a and 307b (see FIG 13D). Note

that although the photolithography step and the etching step can be performed using the

method described in Embodiment 7, it is necessary to etch the conductive layer 520 as

appropriate so as not to be covered with the second insulating film.

[0178]

Next, a second oxide semiconductor film and a conductive film to be the drain

electrode layer 113 are formed over the gate insulating layers 310a and 310b, the

conductive layer 520, and part of the oxide semiconductor layer 308. The second

oxide semiconductor film can be formed in a manner similar to that in Embodiment 8.

In this embodiment, an In-Ga-Zn-O-based oxide semiconductor film is formed to 100

nm. Further, the conductive film to be the drain electrode layer 113 can also be formed

in a manner similar to that in Embodiment 8. Here, a 50-nm-thick titanium film, a

100-nm-thick aluminum film, and a 50-nm-thick titanium film are stacked in that order.

[0179]

After a photolithography step and an etching step are performed on the second

oxide semiconductor film and the conductive film to be the drain electrode layer 113,

the first heat treatment described in Embodiment 7 is performed, whereby the oxide

semiconductor layer 311 and the drain electrode layer 113 are formed. With the steps

up to here, a structure having the conductive layer which is formed so as to be covered

with the oxide semiconductor layer can be formed between a pair of the gate electrode

layers which face each other with the oxide semiconductor layer interposed

therebetween and between a pair of the gate insulating layers which face each other with

the oxide semiconductor layer interposed therebetween. Note that the

photolithography step and the etching step can be performed in a manner similar to

those of Embodiment 7.

[0180]

The protective insulating layer 115 is formed and the second heat treatment

described in Embodiment 7 is performed, whereby the transistor 500 can be formed (see

FIG 13E).



[0181]

Here, a method for manufacturing the transistor 600 will be described. The

transistor 600 can be formed by appropriately using the method for manufacturing the

transistor 400 and the method for manufacturing the transistor 500.

[0182]

The method for manufacturing the transistor 600 is the same as the method for

manufacturing the transistor 500 before the step of forming the conductive film to be

the drain electrode layer 113 of the transistor 500. With the steps up to here, the gate

electrode layers 407a and 407b, the gate insulating layers 410a and 410b, and the

conductive layer 620 can be formed.

[0183]

The gate electrode layers 415a and 415b, the gate insulating layers 417a and

417b, and the conductive layer 622 of the transistor 600 may be formed appropriately

using the method for manufacturing the gate electrode layers 307a and 307b, the gate

insulating layers 310a and 310b, and the conductive layer 520 of the transistor 500

before the step of forming the conductive film to be the drain electrode layer 113 in the

method for manufacturing the transistor 500. For the structure obtained through the

steps up to here, the third oxide semiconductor film described in the method for

manufacturing the transistor 400 is formed, and the first heat treatment described in

Embodiment 7 is performed, whereby the oxide semiconductor layer 411 is formed.

[0184]

Then, the protective insulating layer 115 is formed, and the second heat

treatment described in Embodiment 7 is performed, whereby the transistor 600 can be

formed.

[0185]

The transistor 800 illustrated in FIGS. 8A and 8B can be formed in such a way

that the conductive film serving as the gate electrode layers 307a and 307b formed by

the method for manufacturing the transistor 500 is processed into the circular gate

electrode layer 707, the circular gate insulating layer 710, and the conductive layer 820

covered with the oxide semiconductor layer. Note that the other manufacturing steps

of the transistor 800 except this step are similar to those of the transistor 500.

[0186]



This embodiment can be implemented in appropriate combination with the

structure described in any of the other embodiments.

[0187]

With this embodiment, large drain current can flow through the transistor

which is one embodiment of the present invention and which has high

drain-breakdown-voltage characteristics; therefore, the transistor which is one

embodiment of the present invention is preferable for a semiconductor device for high

power application.

[0188]

(Embodiment 10)

An embodiment which uses a circuit including the transistor described in any

of the above embodiments will be described.

[0189]

The transistor described in any of the above embodiments has a high on-off

ratio and high breakdown voltage and is scarcely degraded. Thus, the transistor can be

used in the following examples: a DC-DC converter circuit; a motor control circuit; an

audio amplifier; a logic circuit; a switch circuit; and a high-frequency linear amplifier

used for a home electrical appliance to which an inverter technique is applied, such as

an air conditioner, a refrigerator, a rice cooker, o a solar photovoltaic system; a

battery-driven portable information terminal device, such as a laptop personal computer

(PC); a power amplifier device such as a stroboscope; an electric vehicle; and the like.

[0190]

Here, an example of a solar photovoltaic system including an inverter formed

using the transistor described in any of the above embodiments will be described with

reference to FIG 14. Note that an example of a structure of a solar photovoltaic

system installed on a house and the like is shown here.

[0191]

A residential solar photovoltaic system illustrated in FIG 14 is a system in

which a method for supplying electric power is changed in accordance with a 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 1414 that is



led from 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

1414 and is consumed inside the house.

[0192]

The residential solar photovoltaic system illustrated in FIG 14 includes a solar

cell panel 1401 which converts sunlight into electric power (direct current power), an

inverter 1404 which converts the electric power from direct current into alternating

current, and the like. Alternating current power output from the inverter 1404 is used

as electric power for operating various types of electric devices 1410.

[0193]

Surplus electric power is supplied to outside the house through the electric grid

1414. In other words, electric power can be sold using this system. A DC switch

1402 is provided to select connection or disconnection between the solar cell panel 1401

and the inverter 1404. An AC switch 1408 is provided to select connection or

disconnection between a distribution board 1406 and a transformer 1412 connected to

the electric grid 1414.

[0194]

When the transistor of the disclosed invention is applied to the above inverter, a

highly reliable and inexpensive solar photovoltaic system can be realized.

[0195]

The structures, methods, and the like described in this embodiment can be

combined with any of the other embodiments, as appropriate.

This application is based on Japanese Patent Application serial no.

2010-073106 filed with the Japan Patent Office on March 26, 2010, the entire contents

of which are hereby incorporated by reference.



CLAIMS

1. A transistor comprising:

a source electrode layer;

an oxide semiconductor layer in contact with the source electrode layer;

a drain electrode layer in contact with the oxide semiconductor layer;

a gate electrode layer part of which overlaps with the source electrode layer,

the drain electrode layer, and the oxide semiconductor layer; and

a gate insulating layer in contact with an entire surface of the gate electrode

layer,

wherein the gate insulating layer on a bottom surface side of the gate electrode

layer is in contact with the source electrode layer, and

wherein the gate insulating layer on an upper surface side of the gate electrode

layer is in contact with the oxide semiconductor layer.

2. The transistor according to claim 1, wherein the gate electrode layer is a

pair of gate electrode layers which face each other with the oxide semiconductor layer

interposed therebetween, and the gate insulating layer is a pair of gate insulating layers

which face each other with the oxide semiconductor layer interposed therebetween.

3. The transistor according to claim 2, wherein a conductive layer covered

with the oxide semiconductor layer is provided between the pair of the gate electrode

layers and between the pair of the gate insulating layers.

4. The transistor according to claim 1,

wherein the gate electrode layer is a pair of gate electrode layers which face

each other with the oxide semiconductor layer interposed therebetween and the gate

insulating layer is a pair of gate insulating layers which face each other with the oxide

semiconductor layer interposed therebetween, and

wherein a plurality of units in each of which the pair of the gate electrode

layers face each other and the pair of the gate insulating layers face each other is

provided.



5. The transistor according to claim 4, wherein a conductive layer covered

with the oxide semiconductor layer is provided between the pair of the gate electrode

layers and the pair of the gate insulating layers in each of the plurality of units.

6. The transistor according to claim 1, wherein the gate electrode layer and

the gate insulating layer are provided in circular shapes so as to surround the oxide

semiconductor layer.

7. The transistor according to claim 6, wherein a conductive layer covered

with the oxide semiconductor layer is provided inside the gate electrode layer and the

gate insulating layer.

8. A transistor comprising:

a source electrode layer;

an oxide semiconductor layer in contact with the source electrode layer;

a drain electrode layer in contact with the oxide semiconductor layer;

a gate electrode layer part of which overlaps with the source electrode layer,

the drain electrode layer, and the oxide semiconductor layer; and

a gate insulating layer in contact with an entire surface of the gate electrode

layer,

wherein the gate insulating layer on a bottom surface side and an upper surface

side of the gate electrode layer is in contact with the oxide semiconductor layer.

9. The transistor according to claim 8, wherein the gate electrode layer is a

pair of gate electrode layers which face each other with the oxide semiconductor layer

interposed therebetween, and the gate insulating layer is a pair of gate insulating layers

which face each other with the oxide semiconductor layer interposed therebetween.

10. The transistor according to claim 9, wherein a conductive layer covered

with the oxide semiconductor layer is provided between the pair of the gate electrode

layers and between the pair of the gate insulating layers.



11. The transistor according to claim 8,

wherein the gate electrode layer is a pair of gate electrode layers which face

each other with the oxide semiconductor layer interposed therebetween and the gate

insulating layer is a pair of gate insulating layers which face each other with the oxide

semiconductor layer interposed therebetween, and

wherein a plurality of units in each of which the pair of the gate electrode

layers face each other and the pair of the gate insulating layers face each other is

provided.

12. The transistor according to claim 11, wherein a conductive layer covered

with the oxide semiconductor layer is provided between the pair of the gate electrode

layers and the pair of the gate insulating layers in each of the plurality of units.

13. The transistor according to claim 8, wherein the gate electrode layer and

the gate insulating layer are provided in circular shapes so as to surround the oxide

semiconductor layer.

14. The transistor according to claim 13, wherein a conductive layer covered

with the oxide semiconductor layer is provided inside the gate electrode layer and the

gate insulating layer.
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