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DESCRIPTION

NON-LINEAR ELEMENT, DISPLAY DEVICE INCLUDING NON-LINEAR

ELEMENT, AND ELECTRONIC DEVICE INCLUDING DISPLAY DEVICE

TECHNICAL FIELD

[0001]

An embodiment of the present invention relates to a non-linear element (e.g., a

diode) including an oxide semiconductor and a semiconductor device such as a display

device including the non-linear element. Further, an embodiment of the present

invention relates to an electronic device including the semiconductor device.

BACKGROUND ART

[0002]

Among semiconductor devices, diodes are required to have high withstand

voltage, small reverse saturation current, and the like. Silicon carbide (SiC) used as a

semiconductor material has a width of a forbidden band of 3 eV or more, excellent

controllability of electric conductivity at high temperature, and a dielectric breakdown

electric field that is about an order of magnitude higher than that of silicon. Therefore,

silicon carbide is expected to be applied to a diode in which reverse saturation current is

small and withstand voltage is high. For example, a Schottky barrier diode in which

silicon carbide is used and reverse leakage current is reduced is known (Patent

Document 1).

[0003]

However, in the case of using silicon carbide, it is difficult to obtain crystals

with good quality, and further, there is a problem in that a process temperature for

manufacturing a device is high. For example, an ion implantation method is used to

form an impurity region in silicon carbide; in that case, heat treatment at 1500 °C or

higher is necessary in order to activate a dopant or repair crystal defects caused by ion

implantation.

[0004]

In addition, since carbon is contained as a component in silicon carbide, an



insulating layer with good quality cannot be formed by thermal oxidation.

Furthermore, silicon carbide is chemically very stable and is not easily etched by

normal wet etching.

[Reference]

[Patent Document]

[0005]

[Patent Document 1] Japanese Published Patent Application No.2000-133819

DISCLOSURE OF INVENTION

[0006]

As described above, although a diode in which silicon carbide is used is

expected to have high withstand voltage and small reverse saturation current, there are

many problems in manufacturing and achieving such a diode.

[0007]

In view of the above, it is an object of an embodiment of the present invention

to provide a non-linear element with high withstand voltage and a favorable rectification

property. In addition, it is an object to manufacture a non-linear element with small

reverse saturation current at low process temperature.

[0008]

An embodiment of the present invention includes a source electrode, an oxide

semiconductor layer, a drain electrode, a gate insulating layer covering the source

electrode, the oxide semiconductor layer, and the drain electrode, and a plurality of gate

electrodes formed in contact with the gate insulating layer, which face each other with

the source electrode, the oxide semiconductor, and the drain electrode provided

therebetween. The plurality of gate electrodes are connected to the drain electrode,

and an area of contact between the source electrode and the oxide semiconductor layer

is different from an area of contact between the drain electrode and the oxide

semiconductor layer.

[0009]

When the area of contact between the drain electrode and the oxide

semiconductor layer is made larger than the area of contact between the source

electrode and the oxide semiconductor layer, current vs. voltage characteristics



particularly in forward bias can be improved.

[0010]

When the area of contact between the drain electrode and the oxide

semiconductor layer is made smaller than the area of contact between the source

electrode and the oxide semiconductor layer, current vs. voltage characteristics

particularly in reverse bias can be improved.

[0011]

Another embodiment of the present invention includes a first electrode, an

oxide semiconductor layer, a second electrode, a gate insulating layer covering the first

electrode, the oxide semiconductor layer, and the second electrode, and a plurality of

third electrodes formed in contact with the gate insulating layer, which face each other

with the first electrode, the oxide semiconductor layer, and the second electrode

provided therebetween. The plurality of third electrodes are connected to the first

electrode or the second electrode. A work function 0md of one of the first electrode

and the second electrode which is connected to the plurality of third electrodes, a work

function 0ms of the other of the first electrode and the second electrode which is not

connected to the plurality of third electrodes, and electron affinity χ of the oxide

semiconductor layer satisfy 0ms ≤ χ < 0md. An area of contact between the first

electrode and the oxide semiconductor layer is different from an area of contact between

the second electrode and the oxide semiconductor layer.

[0012]

When an area of contact between the oxide semiconductor layer and one of the

first electrode and the second electrode which has the work function pa id is made larger

than an area of contact between the oxide semiconductor layer and the other of the first

electrode and the second electrode which has the work function 0ms, current vs. voltage

characteristics particularly in forward bias can be improved.

[0013]

When the area of contact between the oxide semiconductor layer and one of the

first electrode and the second electrode which has the work function 0md is made

smaller than the area of contact between the oxide semiconductor layer and the other of

the first electrode and the second electrode which has the work function 0ms, current vs.



voltage characteristics particularly in reverse bias can be improved.

[0014]

Another embodiment of the present invention includes a first electrode formed

over a substrate, an oxide semiconductor layer formed on and in contact with the first

electrode, a second electrode formed on and in contact with the oxide semiconductor

layer, a gate insulating layer covering the first electrode, the oxide semiconductor layer,

and the second electrode, and a plurality of third electrodes formed in contact with the

gate insulating layer, which face each other with the first electrode, the oxide

semiconductor layer, and the second electrode provided therebetween. The plurality of

third electrodes are connected to the first electrode. A work function 0md of the first

electrode, electron affinity χ of the oxide semiconductor layer, and a work function 0ms

of the second electrode satisfy 0ms ≤ χ < 0md. An area of contact between the first

electrode and the oxide semiconductor layer is larger than an area of contact between

the second electrode and the oxide semiconductor layer.

[0015]

When the area of contact between the oxide semiconductor layer and the first

electrode which has the work function 0md is made larger than the area of contact

between the oxide semiconductor layer and the second electrode which has the work

function 0ms, a rectification property of a diode which is an embodiment of a non-linear

element can be improved. In particular, current vs. voltage characteristics in forward

bias can be improved.

[0016]

Another embodiment of the present invention includes a first electrode formed

over a substrate, an oxide semiconductor layer formed on and in contact with the first

electrode, a second electrode formed on and in contact with the oxide semiconductor

layer, a gate insulating layer covering the first electrode, the oxide semiconductor layer,

and the second electrode, and a plurality of third electrodes formed in contact with the

gate insulating layer, which face each other with the first electrode, the oxide

semiconductor layer, and the second electrode provided therebetween. The plurality of

third electrodes are connected to the second electrode. A work function 0ms of the

first electrode, electron affinity χ of the oxide semiconductor layer, and a work function



0md of the second electrode satisfy 0ms ≤ χ < φπι . An area of contact between the

second electrode and the oxide semiconductor layer is smaller than an area of contact

between the first electrode and the oxide semiconductor layer.

[0017]

When the area of contact between the oxide semiconductor layer and the

second electrode which has the work function φ ηά is made smaller than the area of

contact between the oxide semiconductor layer and the first electrode which has the

work function 0ms, a rectification property of a diode can be improved. In particular,

current vs. voltage characteristics in reverse bias can be improved.

[0018]

In addition, specifically, an oxide semiconductor layer in which hydrogen or an

OH group is removed so that the hydrogen concentration is set to 5 x 1019 /cm3 or lower,

preferably 5 x 1018 /cm3 or lower, more preferably 5 x 1017 /cm3 or lower, or lower than
16 3 12 31 x 10 /cm and the carrier density is set to lower than 1 x 10 /cm , preferably lower

than 1 x 10 11 /cm3 is used.

[0019]

Further, the energy gap of an oxide semiconductor is set to 2 eV or more,

preferably 2.5 eV or more, more preferably 3 eV or more, and impurities such as

hydrogen that forms a donor are reduced as much as possible, so that the carrier density

is set to lower than 1 x 10 /cm3, preferably lower than 1 x 10 /cm3.

[0020]

When the electron affinity χ of the oxide semiconductor is 4.3 eV, as a material

of the electrode having a work function that is higher than the electron affinity χ of the

oxide semiconductor, tungsten (W), molybdenum (Mo), chromium (Cr), iron (Fe), gold

(Au), platinum (Pt), copper (Cu), cobalt (Co), nickel (Ni), beryllium (Be), indium tin

oxide (ΓΓΟ), or the like can be used.

[0021]

In addition, when the electron affinity χ of the oxide semiconductor is 4.3 eV,

as a material of the electrode having a work function that is lower than or equal to the

electron affinity χ of the oxide semiconductor, titanium (Ti), yttrium (Y), aluminum

(Al), zirconium (Zr), magnesium (Mg), silver (Ag), manganese (Mn), tantalum (Ta),



tantalum nitride, titanium nitride, or the like can be used.

[0022]

Note that in this specification, the impurity concentration is measured by

secondary ion mass spectrometry (hereinafter also referred to as SIMS). However,

there is no limitation particularly when descriptions of other measurement methods are

made.

[0023]

An embodiment of the present invention provides a non-linear element which

can be miniaturized and includes a transistor that can be manufactured at low process

temperature and has large on current and small off current.

[0024]

An area of contact between a source electrode and an oxide semiconductor

layer and an area of contact between a drain electrode and the oxide semiconductor

layer are made different, whereby a non-linear element with an excellent rectification

property can be obtained. In addition, a non-linear element which is resistant to an

avalanche breakdown (i.e., has high withstand voltage) can be manufactured with the

use of an oxide semiconductor layer.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

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

according to an embodiment of the present invention.

FIGS. 2A and 2B are a top view and a cross-sectional view illustrating a diode

according to an embodiment of the present invention.

FIGS. 3A and 3B are diagrams each illustrating a diode according to an

embodiment of the present invention.

FIGS. 4A to 4C are band diagrams illustrating a diode according to an

embodiment of the present invention.

FIGS. 5A and 5B are graphs showing a simulation result of a diode according

to an embodiment of the present invention.

FIGS. 6A to 6D are diagrams each illustrating a diode according to an

embodiment of the present invention.



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

according to an embodiment of the present invention.

FIGS. 8A and 8B are a top view and a cross-sectional view illustrating a diode

according to an embodiment of the present invention.

FIGS. 9A and 9B are a top view and a cross-sectional view illustrating a diode

according to an embodiment of the present invention.

FIGS. 10A and 10B are a top view and a cross-sectional view illustrating a

diode according to an embodiment of the present invention.

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

manufacturing a diode according to an embodiment of the present invention.

FIGS. 12A and 12B are cross-sectional views illustrating a method for

manufacturing a diode according to an embodiment of the present invention.

FIG 13 is a diagram illustrating a display device according to an embodiment

of the present invention.

FIGS. 14A to 14F are diagrams each illustrating a protection circuit according

to an embodiment of the present invention.

FIGS. 15A and 15B are diagrams each illustrating a protection circuit

according to an embodiment of the present invention.

FIGS. 16A to 16C are diagrams each illustrating an electronic device according

to an embodiment of the present invention.

FIGS. 17A and 17B are diagrams each illustrating an avalanche breakdown.

FIGS. 18A and 18B are graphs each showing a relation between ionization

rates of various semiconductors and electric field intensity.

BEST MODE FOR CARRYING OUT THE INVENTION

[0026]

Embodiments of the present invention will be 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 easily understood by those skilled in the art that

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

spirit and the scope of the present invention. Therefore, the present invention should

not be construed as being limited to the description of the following embodiments.



Note that in structures of the present invention described hereinafter, the same portions

or portions having similar functions are denoted by the same reference numerals in

different drawings, and description thereof is not repeated.

[0027]

Note that the size, the thickness of a layer, or a region of each structure

illustrated in drawings described in this specification is exaggerated for simplicity in

some cases. Therefore, embodiments of the present invention are not always limited to

such scales.

[0028]

In addition, the terms such as "first", "second", and "third" in this specification

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

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

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

[0029]

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

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

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

potential of one point and a reference potential (e.g., ground potential) is merely called a

potential or a voltage, and a potential and a voltage are used as synonymous words in

many cases. Thus, in this specification, a potential may be rephrased as a voltage and

a voltage may be rephrased as a potential unless otherwise specified.

[0030]

(Embodiment 1)

In this embodiment, a non-linear element which uses a vertical transistor

including an oxide semiconductor according to an embodiment of the present invention

will be described with reference to FIGS. 1A and IB, FIGS. 2A and 2B, FIGS. 3A and

3B, FIGS. 4A to 4C, FIGS. 5A and 5B, and FIGS. 6A to 6D. An n-type oxide

semiconductor is used here. The non-linear element described in this embodiment is

obtained in such a manner that a gate electrode is connected to one of a source electrode

and a drain electrode in the transistor, and the transistor is made to function as a diode.

[0031]

In general, a diode has two terminals, i.e., an anode and a cathode. When a



potential of the anode is higher than a potential of the cathode, the diode is in a state in

which current flows, that is, a conduction state. On the other hand, when the potential

of the anode is lower than the potential of the cathode, the diode is in a state in which

current scarcely flows, that is, a non-conduction state (insulating state).

[0032]

Such a characteristic of the diode is called a rectification property. A direction

in which the diode is in a conduction state is a forward direction, and a direction in

which the diode is in a non-conduction state is a reverse direction. Voltage in the

forward direction is forward voltage or forward bias, and current in the forward

direction is forward current. In addition, voltage in the reverse direction is reverse

voltage or reverse bias, and current in the reverse direction is reverse current.

[0033]

In a diode which is illustrated in FIGS. 1A and I B and uses a vertical transistor

including an oxide semiconductor, a wiring 125 is connected to a third electrode 113, a

third electrode 115, and a second electrode 109. T e second electrode 109 is

connected to a first electrode 105 through an oxide semiconductor layer 107. The first

electrode 105 is connected to a wiring 131.

[0034]

FIG 1A is a top view of a diode-connected transistor 133. FIG IB is a

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

[0035]

As illustrated in FIG IB, the first electrode 105, the oxide semiconductor layer

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

a substrate 101. A gate insulating layer 111 is provided so as to cover the first

electrode 105, the oxide semiconductor layer 107, and the second electrode 109. The

third electrode 113 and the third electrode 115 are provided over the gate insulating

layer 111. An insulating layer 117 that serves as an interlayer insulating layer is

provided over the gate insulating layer 111 and the third electrodes 113 and 115.

[0036]

The wiring 125 and the wiring 131 are provided over the insulating layer 117.

The wiring 125 is connected to the third electrode 113 and the third electrode 115 each

through an opening provided in the insulating layer 117. In addition, the wiring 125 is



connected to the second electrode 109 through an opening provided in the insulating

layer 117 and the gate insulating layer 111. The wiring 131 is connected to the first

electrode 105 through an opening provided in the insulating layer 117 and the gate

insulating layer 111. The first electrode 105 serves as one of a source electrode and a

drain electrode of the transistor, and the second electrode 109 serves as the other of the

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

the third electrode 115 serve as a gate electrode of the transistor.

[0037]

In the transistor described in this embodiment, in a portion where the first

electrode 105, the oxide semiconductor layer 107, and the second electrode 109 overlap

with each other, an area of contact between the first electrode 105 and the oxide

semiconductor layer 107 is larger than an area of contact between the second electrode

109 and the oxide semiconductor layer 107. In addition, in FIGS. 1A and IB, in the

portion where the first electrode 105, the oxide semiconductor layer 107, and the second

electrode 109 overlap with each other, the end portions of the oxide semiconductor layer

107 are placed on the inner side than the end portions of the first electrode 105, and the

end portions of the second electrode 109 are placed on the inner side than the end

portions of the oxide semiconductor layer 107. When the end portion of a stack

including the first electrode 105, the oxide semiconductor layer 107, and the second

electrode 109 has a step-like shape as illustrated in FIGS. 1A and IB, coverage with the

gate insulating layer 111 which covers the first electrode 105, the oxide semiconductor

layer 107, and the second electrode 109 can be improved. Further, the third electrode

113 and the third electrode 115 can effectively serve as the gate electrode of the vertical

transistor.

[0038]

In the case where the end portion of the stack has a step-like shape, the

thickness of a layer corresponding to one step (the height of one step) is less than or

equal to, preferably a half or less, the thickness of an upper layer which covers the layer.

When the height of one step cannot be less than or equal to the thickness of the upper

layer, the end portion of the layer corresponding to one step preferably has a tapered

shape. In the case of employing the tapered shape, an angle between the bottom

surface of the layer and the side surface of the layer is smaller than 90°, preferably



smaller than 80°, more preferably smaller than 70°. In the case where the thickness of

the layer corresponding to one step is set to less than or equal to the thickness of the

upper layer which covers the layer, and the end portion of the layer is made to have a

tapered shape, the coverage can be further improved. Note that this idea can be

employed also in the case of a single layer film without limitation to the stacked film.

[0039]

The transistor according to this embodiment is a vertical transistor which has

features that the third electrode 113 and the third electrode 115 which serve as the gate

electrode are separated and that the third electrode 113 and the third electrode 115 face

each other with the first electrode 105, the oxide semiconductor layer 107, and the

second electrode 109 provided therebetween.

[0040]

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

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

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

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

transistor may be switched depending on a structure, operating conditions, and the like

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

which serves as the source or the drain is not referred to as the source or the drain in

some cases. In such a case, for example, one of the source and the drain may be

referred to as a first terminal and the other thereof may be referred to as a second

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

electrode and the other thereof may be referred to as a second electrode. Further

alternatively, one of the source and the drain may be referred to as a first region and the

other thereof may be referred to as a second region.

[0041]

Further, functions of the source and the drain might be switched when a

transistor having a different polarity is employed or a direction of current flow is

changed in circuit operation, for example. Therefore, the terms "source" and "drain"

can be switched in this specification.

[0042]



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

treatment performed later. As the substrate 101, a glass substrate of barium

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

[0043]

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

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

by containing a larger amount of barium oxide (BaO) than that of boron oxide (B20 3), a

glass substrate is heat-resistant and of more practical use. Therefore, a glass substrate

containing BaO and B20 3 so that the amount of BaO is larger than that of B20 3 is

preferably used.

[0044]

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

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

may be used as the substrate 101. Alternatively, crystallized glass or the like may be

used.

[0045]

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

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

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

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

structure, for example, a stacked structure in which one or more of the nitride insulating

layers and one or more of the oxide insulating layers are stacked in that order over the

substrate 101.

[0046]

The first electrode 105 and the second electrode 109 are each formed using an

element selected from aluminum (Al), chromium (Cr), iron (Fe), copper (Cu), tantalum

(Ta), titanium (Ti), molybdenum (Mo), tungsten (W), and yttrium (Y); an alloy

containing any of these elements as a component; an alloy containing any of these

elements in combination; or the like. Alternatively, one or more materials selected

from manganese (Mn), magnesium (Mg), zirconium (Zr), beryllium (Be), and thorium



(Th) can be used. In addition, the first electrode 105 and the second electrode 109 can

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

example, a single-layer structure of aluminum containing silicon (Si); a two-layer

structure of an aluminum layer and a titanium layer stacked thereover; a two-layer

structure of a tungsten layer and a titanium layer stacked thereover; a three-layer

structure in which a titanium layer, an aluminum layer, and a titanium layer are stacked

in that order; and the like can be given.

[0047]

Alternatively, an aluminum material obtained by adding, to aluminum (Al), an

element that prevents generation of a hillock or a whisker in an aluminum layer such as

titanium (Ti), tantalum (Ta), tungsten (W), molybdenum (Mo), chromium (Cr),

neodymium (Nd), or scandium (Sc) may be used; in that case, heat resistance can be

increased.

[0048]

The first electrode 105 and the second electrode 109 may be formed using

conductive metal oxide. As the conductive metal oxide, indium oxide (ln20 3), tin

oxide (SnO ), zinc oxide (ZnO), an alloy of indium oxide and tin oxide (In20 3-Sn0 2,

abbreviated to ITO), an alloy of indium oxide and zinc oxide (In20 3-ZnO), or any of the

metal oxide materials containing silicon or silicon oxide can be used.

[0049]

As the oxide semiconductor layer 107, any of the following oxide

semiconductor layers can be used: a four-component-based metal oxide layer such as an

In-Sn-Ga-Zn-O-based layer, a three-component-based metal oxide layer such as an

In-Ga-Zn-O-based layer, an In-Sn-Zn-O-based layer, an In-Al-Zn-O-based layer, a

Sn-Ga-Zn-O-based layer, an Al-Ga-Zn-O-based layer, or a Sn-Al-Zn-O-based layer, a

two-component-based metal oxide layer such as an In-Zn-O-based layer, a

Sn-Zn-O-based layer, an Al-Zn-O-based layer, a Zn-Mg-O-based layer, a

Sn-Mg-O-based layer, an In-Mg-O-based layer, or an In-Ga-O-based layer, an

In-O-based layer, a Sn-O-based layer, or a Zn-O-based layer, and the like. Further,

Si0 2 may be contained in the above oxide semiconductor layer.

[0050]

In addition, as the oxide semiconductor layer 107, a thin film of a material



represented by InM0 3(ZnO) (m > 0) can be used. Here, M represents one or more

metal elements selected from Ga, Al, n, and Co. For example, M can be Ga, Ga and

Al, Ga and Mn, Ga and Co, or the like. An oxide semiconductor whose composition

formula is represented by InM0 3 (ZnO)m (m > 0), which includes Ga as M, is referred to

as the In-Ga-Zn-O-based oxide semiconductor, and a thin film of the In-Ga-Zn-O-based

oxide semiconductor is referred to as an In-Ga-Zn-O-based non-single-crystal film.

[0051]

In the oxide semiconductor layer 107 used in this embodiment, the hydrogen

concentration is 5 x 101 /cm3 or lower, preferably 5 x 101 /cm3 or lower, more

preferably 5 x 10 17 /cm3 or lower, or lower than 1 x 1016 /cm3, that is, hydrogen is

removed. In other words, the oxide semiconductor layer is highly purified so that

impurities that are not main components of the oxide semiconductor layer are contained

as little as possible.

[0052]

The carrier density can be measured by the Hall effect measurement. The

carrier density of the oxide semiconductor which is measured by the Hall effect

measurement is 1.45 x 1010 /cm3 or lower, which is intrinsic carrier density of silicon.

When calculation is performed according to Fermi-Dirac distribution law, the intrinsic

carrier density of silicon is 1010 /cm3, whereas the intrinsic carrier density of an oxide

semiconductor whose energy gap is 3 eV or more is 10~7 /cm3. That is, the intrinsic

carrier density of the oxide semiconductor is as close to zero as possible.

[0053]

The carrier density of the oxide semiconductor layer 107 which is used in this

embodiment is lower than 1 x 1012 /cm3, preferably lower than 1 x 10 11 /cm3, which can

be as close to zero as possible. With a reduction in the carrier density of the oxide

semiconductor layer 107, reverse current of the non-linear element can be reduced.

Further, the energy gap of the oxide semiconductor is 2 eV or more, preferably 2.5 eV

or more, more preferably 3 eV or more. By using the oxide semiconductor layer with

a wide energy gap, temperature characteristics can be stabilized within a practical

temperature range of about room temperature to 180 °C.

[0054]



The thickness of the oxide semiconductor layer 107 may be 30 nm to 3000 nm

inclusive. When the thickness of the oxide semiconductor layer 107 is small, forward

current of the diode which is the non-linear element can be large. On the other hand,

when the thickness of the oxide semiconductor layer 107 is large, typically 100 nm to

3000 nm inclusive, withstand voltage of the non-linear element can be enhanced.

[0055]

The gate insulating layer 111 can be a single-layer or a stack formed using a

one or more of a silicon oxide film, a silicon nitride film, a silicon oxynitride film, a

silicon nitride oxide film, and an aluminum oxide film. A portion of the gate

insulating layer 111 which is in contact with the oxide semiconductor layer 107

preferably contains oxygen, and in particular, the portion of the gate insulating layer 111

is preferably formed using a silicon oxide film. By using a silicon oxide film, oxygen

can be supplied to the oxide semiconductor layer 107 and favorable characteristics can

be obtained. The thickness of the gate insulating layer 111 may be 50 nm to 500 nm

inclusive. The large thickness of the gate insulating layer 111 makes it possible to

reduce leakage current flowing between the gate and the source. On the other hand,

the small thickness of the gate insulating layer 111 makes it possible to manufacture a

non-linear element through which a large amount of forward current can flow.

[0056]

When the gate insulating layer 111 is formed using a high-k material such as

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

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

oxide, or yttrium oxide, gate leakage current can be reduced. Further, a stacked

structure can be used in which a high-k material and one or more of a silicon oxide film,

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

aluminum oxide film are stacked.

[0057]

The third electrode 113 and the third electrode 115 serving as the gate electrode

are formed using an element selected from aluminum, chromium, copper, tantalum,

titanium, molybdenum, and tungsten; an alloy containing any of these elements as a

component; an alloy containing any of these elements in combination; or the like. In



addition, one or more materials selected from manganese, magnesium, zirconium, and

beryllium may be used. In addition, the third electrode 113 and the third electrode 115

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

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

of an aluminum layer and a titanium layer stacked thereover; a three-layer structure in

which a titanium layer, an aluminum layer, and a titanium layer are stacked in that

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

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

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

[0058]

The oxide semiconductor layer in this embodiment is an intrinsic (i-type) or

substantially intrinsic oxide semiconductor layer obtained by removal of hydrogen,

which is an n-type impurity, from the oxide semiconductor layer and an increase in

purity so that an impurity other than the main components of the oxide semiconductor

layer is not contained as much as possible. In other words, the oxide semiconductor

layer in this embodiment is a highly purified intrinsic (i-type) oxide semiconductor

layer or an oxide semiconductor layer which is close thereto obtained not by addition of

an impurity but by removal of an impurity such as hydrogen, water, a hydroxyl group,

or hydride as much as possible. This enables the Fermi level (Ef) to be at the same

level as the intrinsic Fermi level (Ei).

[0059]

By removing the impurity as much as possible as described above, for example,

even when the channel width W of the transistor is 1 x 104 µ η and the channel length

thereof is 3 µ η, off current can be 10 1 A or less, which is extremely small, and a

subthreshold swing (S value) can be 0.1 V/dec. or lower.

[0060]

As described above, when the oxide semiconductor layer is highly purified so

that impurities that are not main components of the oxide semiconductor layer, typically

hydrogen, water, a hydroxyl group, or hydride, may be contained as little as possible,

favorable operation of the transistor can be obtained. In particular, when the transistor

is used as a diode, reverse current can be reduced.



[0061]

In a lateral transistor in which a channel is formed substantially parallel with a

substrate, a source and a drain need to be provided in addition to the channel, so that an

area occupied by the transistor in the substrate is increased, which hinders

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

transistor, whereby an area occupied by the transistor at a substrate surface can be

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

embodiment can also be applied a lateral transistor when the transistor does not need to

be miniaturized.

[0062]

The channel length of a vertical transistor can be controlled by the thickness of

an oxide semiconductor layer; therefore, when the oxide semiconductor layer 107 is

formed to have a small thickness, the transistor can have a short channel length. When

the channel length is short, series resistance of a source, a channel, and a drain can be

reduced; therefore, on current and field-effect mobility of the transistor can be increased.

In addition, a transistor having a highly purified oxide semiconductor layer whose

hydrogen concentration is reduced is in an insulating state where off current is

extremely small and almost no current flows in an off state. By connecting a source or

a drain of such a transistor to a gate thereof, a diode in which forward current is large

and reverse current is small can be manufactured. Therefore, a diode which is resistant

to an avalanche breakdown (i.e., has high withstand voltage) can be manufactured.

[0063]

An avalanche breakdown is described using an n-channel transistor as an

example, with reference to FIGS. 17A and 17B. FIGS. 17A and 17B are energy band

diagrams showing a state in which a source electrode 903 and a drain electrode 901 are

joined to a semiconductor 902 and a voltage Vd is applied to the drain electrode 901.

[0064]

When an electron that is a carrier is accelerated by a high electric field in a

depletion layer and impacts a lattice, an electron in the lattice is knocked out; as a result,

an electron 922 and a hole 921 (electron-hole pair) are generated (FIG. 17A). This

phenomenon is called impact ionization. The impact ionization occurs frequently after

the electric field of the semiconductor reaches a predetermined threshold value.



[0065]

When the voltage Vd which is applied to the drain electrode 901 is increased to

exceed the threshold value, the electron-hole pair generated by the impact ionization is

further accelerated to cause impact ionization again. An electron-hole pair generated

at that time is also accelerated, and similar phenomena occur repeatedly. That is,

impact ionization of one electron causes explosive generation of electron-hole pairs,

which increases current flowing between the source and the drain exponentially (FIG.

17B). This phenomenon is called an avalanche breakdown.

[0066]

In order to generate an electron-hole pair due to impact ionization, it is

necessary to excite an electron to a conduction band 912 and a hole to a valence band

911. That is, an electron which causes impact ionization needs to be accelerated until

it has kinetic energy that is higher than or equal to the energy gap of the semiconductor.

In other words, as the energy gap is larger, an electric field for generating impact

ionization is higher; therefore, the semiconductor is resistant to an avalanche breakdown.

Generation probability G of an electron-hole pair due to impact ionization is expressed

by Formula 2.

G = a „ x n x v + p x p x v (Formula 2)

[0067]

In Formula 2, a and a p represent ionization coefficients of an electron and a

hole (the number of impact ionization which is caused when an electron and a hole are

moved by a unit length), n and p represent electron density and hole density, and v and

vp represent the speed of an electron and the speed of a hole. An ionization coefficient

is determined by physical properties of a material. As an ionization coefficient is

smaller, the number of impact ionization is smaller; in such a case, an avalanche

breakdown is unlikely to be caused. An ionization coefficient is determined on the

basis of experimental data. FIGS. 18A and 18B each show the relation between

ionization rates of various semiconductors and electric field intensity (reciprocal) ,

which is an excerpt from "Physics of Semiconductor Devices" by S. M. Sze.

[0068]

In FIGS. 18A and 18B, as the curve is closer to the left side, an electric field



which causes impact ionization is higher and resistance to an avalanche breakdown is

higher. The numeric value in parentheses represents an energy gap. As the energy

gap is larger, resistance to an avalanche breakdown is higher.

[0069]

FIGS. 2A and 2B illustrate another structure of the diode using the vertical

transistor including the oxide semiconductor described with reference to FIGS. 1A and

IB. In the diode illustrated in FIGS. 2A and 2B, a wiring 125 is connected to a third

electrode 113, a third electrode 115, and a first electrode 105. The first electrode 105

is connected to a second electrode 109 through an oxide semiconductor layer 107. The

second electrode 109 is connected to a wiring 131.

[0070]

In the diode illustrated in FIGS. 2A and 2B, the wiring 125 is provided so as

not to overlap with other electrodes and the like; therefore, parasitic capacitance

generated between the wiring 125 and other electrodes can be suppressed.

[0071]

FIGS. 3A and 3B each illustrate, using a circuit symbol, the diode with the use

of the n-channel transistor including the oxide semiconductor (OS) illustrated in FIGS.

1A and I B or FIGS. 2A and 2B. FIG 3A shows a circuit symbol of the diode with the

use of the n-channel transistor including the oxide semiconductor (OS) illustrated in

FIGS. 1A and I B and a state in which the second electrode 109 is connected to the third

electrode 113 and the third electrode 115 through the wiring 125. When a voltage (a

positive voltage) higher than that of the first electrode 105 is applied to the second

electrode 109, the positive voltage is also applied to the third electrode 113 and the third

electrode 115 which serve as the gate electrode, whereby the transistor 133 is turned on

and current flows between the first electrode 105 and the second electrode 109.

[0072]

On the other hand, when a voltage (a negative voltage) lower than that of the

first electrode 105 is applied to the second electrode 109, the transistor 133 is turned off

and current scarcely flows between the first electrode 105 and the second electrode 109.

In this case, the second electrode 109 of the transistor 133 serves as a drain (a drain

electrode) and the first electrode 105 serves as a source (a source electrode). In this

manner, the transistor 133 including the highly purified oxide semiconductor whose



hydrogen concentration is reduced can serve as a diode in which the second electrode

109 is used as an anode and the first electrode 105 is used as a cathode.

[0073]

FIG 3B shows a circuit symbol of the diode with the use of the n-channel

transistor including the oxide semiconductor (OS) illustrated in FIGS. 2A and 2B and a

state in which the first electrode 105 is connected to the third electrode 113 and the third

electrode 115 through the wiring 125. When a voltage (positive voltage) higher than

that of the second electrode 109 is applied to the first electrode 105, the positive voltage

is also applied to the third electrode 113 and the third electrode 115 which serve as the

gate electrode, whereby the transistor 133 is turned on and current flows between the

first electrode 105 and the second electrode 109.

[0074]

On the other hand, when a voltage (negative voltage) lower than that of the

second electrode 109 is applied to the first electrode 105, the transistor 133 is turned off

and current scarcely flows between the first electrode 105 and the second electrode 109.

In this case, the second electrode 109 of the transistor 133 serves as a source (a source

electrode) and the first electrode 105 serves as a drain (a drain electrode). In this

manner, the transistor 133 including the highly purified oxide semiconductor whose

hydrogen concentration is reduced can serve as a diode in which the first electrode 105

is used as an anode and the second electrode 109 is used as a cathode.

[0075]

In addition, when an area of contact between the drain electrode and the oxide

semiconductor layer is made larger than an area of contact between the source electrode

and the oxide semiconductor layer, current vs. voltage characteristics particularly in

forward bias can be improved.

[0076]

In addition, when the area of contact between the drain electrode and the oxide

semiconductor layer is made smaller than the area of contact between the source

electrode and the oxide semiconductor layer, current vs. voltage characteristics

particularly in reverse bias can be improved.

[0077]

By using the vertical transistor including the oxide semiconductor described in



this embodiment as a diode, a diode which has an excellent rectification property and is

resistant to an avalanche breakdown (i.e., has high withstand voltage) can be

manufactured.

[0078]

In addition, a work function of the electrode which serves as the drain of the

transistor 133 and is in contact with the oxide semiconductor layer 107 is 0md, a work

function of the electrode which serves as the source of the transistor 133 and is in

contact with the oxide semiconductor layer 107 is 0ms, and electron affinity of the

oxide semiconductor layer 107 is χ . When 0md, 0ms, and χ satisfy Formula 1, the

rectification property of the diode-connected transistor 133 can be further improved.

0ms ≤ χ < 0md Formula 1

[0079]

When the transistor 133 has the structure illustrated in FIGS. 1A and IB, the

work function of the first electrode 105 is 0ms and the work function of the second

electrode 109 is 0md. In addition, when the transistor 133 has the structure illustrated

in FIGS. 2A and 2B, the work function of the first electrode 105 is 0md and the work

function of the second electrode 109 is 0ms.

[0080]

When the first electrode 105 or the second electrode 109 has a stacked structure

including two or more layers, the work function of a layer in contact with the oxide

semiconductor layer 107 and the electron affinity of the oxide semiconductor layer 107

may satisfy Formula 1.

[0081]

For example, when the electron affinity (χ) of the oxide semiconductor is 4.3

eV, tungsten (W), molybdenum (Mo), chromium (Cr), iron (Fe), gold (Au), platinum

(Pt), copper (Cu), cobalt (Co), nickel (Ni), beryllium (Be), indium tin oxide (ITO), or

the like can be given as an example of a conductive material with a work function that is

higher than the electron affinity of the oxide semiconductor.

[0082]

In addition, when the electron affinity (χ) of the oxide semiconductor is 4.3 eV,

titanium (Ti), yttrium (Y), aluminum (Al), zirconium (Zr), magnesium (Mg), silver (Ag),



manganese (Mn), tantalum (Ta), tantalum nitride, titanium nitride, or the like can be

given as an example of a conductive material with a work function that is lower than or

equal to the electron affinity of the oxide semiconductor.

[0083]

A rectification property of a structure which satisfies Formula 1 is described

using band diagrams in FIGS. 4A to 4C. FIGS. 4A to 4C are band diagrams each

illustrating a state in which a conductive material 801 having a work function md and a

conductive material 803 having a work function 0ms are joined to a highly purified

oxide semiconductor 802 (including an i-type or substantially i-type oxide

semiconductor).

[0084]

Note that a highly purified oxide semiconductor includes an oxide

semiconductor in which hydrogen or an OH group is removed so that the hydrogen

19 3 18 3concentration is set to 5 x 10 /cm or lower, preferably 5 x 10 /cm or lower, more

preferably 5 x 10 /cm or lower, or lower than 1 x 10 /cm and the carrier density is

11 3set to lower than 1 x 10 /cm , preferably lower thanl x 10 /cm .

[0085]

FIG 4A is a band diagram when the conductive material 801 and the

conductive material 803 have the same potential (a thermal equilibrium state). A

Fermi level 813 is a Fermi level of the conductive material 803, and Fermi levels of the

conductive material 801, the conductive material 803, and the oxide semiconductor 802

are equal to each other. A level 820 is a vacuum level.

[0086]

An energy barrier 821 is a difference in energy ( ιά - γ between a work

function 0md of the conductive material 801 and electron affinity χ of the oxide

semiconductor 802. In addition, an energy barrier 823 is a difference in energy

( < s - ) between a work function 0ms of the conductive material 803 and the electron

affinity χ of the oxide semiconductor 802.

[0087]

Since the work function <pmd of the conductive material 801 is higher than the

electron affinity χ of the oxide semiconductor 802, the energy barrier 821 has a positive



value. Therefore, electrons in the conductive material 801 are blocked by the energy

barrier 821 and can hardly move to a conduction band 822 of the oxide semiconductor

802.

[0088]

On the other hand, since the work function 0ms of the conductive material 803

is lower than or equal to the electron affinity χ of the oxide semiconductor 802, the

energy barrier 823 has a negative value. Therefore, electrons in the conductive

material 803 can easily move to the conduction band 822 of the oxide semiconductor

802.

[0089]

When the conductive material 801 and the conductive material 803 have the

same potential (a thermal equilibrium state), a conduction band edge which is upwardly

projected becomes a barrier against electron transfer, and thus, electrons cannot move to

the conductive material 801. That is, current does not flow between the conductive

material 801 and the conductive material 803.

[0090]

FIG 4B is a band diagram illustrating a state in which positive voltage (forward

voltage or forward bias) is applied to the conductive material 801. The application of

positive voltage to the conductive material 801 moves down the Fermi level of the

conductive material 801, and electrons moved to the conduction band 822 from the

conductive material 803 can easily move to the conductive material 801. Therefore,

current (forward current) flows between the conductive material 801 and the conductive

material 803.

[0091]

FIG 4C is a band diagram illustrating a state in which negative voltage (reverse

voltage or reverse bias) is applied to the conductive material 801. The application of

negative voltage to the conductive material 801 moves up the Fermi level of the

conductive material 801, and electrons moved to the conduction band 822 from the

conductive material 803 cannot move to the conductive material 801. In addition, the

energy barrier 821 is not changed, and thus, electrons in the conductive material 801 can

hardly move to the conduction band 822 of the oxide semiconductor 802. However,



since there are a very small number of electrons which move to the conduction band

822 over the energy barrier 821 with a certain probability, very small current (reverse

current) flows between the conductive material 803 and the conductive material 801.

[0092]

When Formula 1 is satisfied with the use of the conductive material having the

work function 0md, the oxide semiconductor having the electron affinity χ , and the

conductive material having the work function 0ms, a rectification property can be

achieved, and the rectification property of the diode with the use of the vertical

transistor including the oxide semiconductor can be further improved.

[0093]

FIGS. 5A and 5B show the current vs. voltage characteristics of the diode

which satisfies Formula 1 and uses the vertical transistor including the oxide

semiconductor, which were obtained by device simulation. For the device simulation,

software ATLAS which was made by Silvaco Data Systems Inc. was used. The

condition of the device simulation was as follows: the distance between the first

electrode 105 and the second electrode 109 (the thickness of the oxide semiconductor

layer) was 500 nm, the area of contact between the first electrode 105 and the oxide

semiconductor layer 107 was 2 µ 2, the area of contact between the second electrode

109 and the oxide semiconductor layer 107 was 1 µπ 2, the electron affinity χ of the

oxide semiconductor layer 107 was 4.3 eV, the work function 0md of the conductive

material for forming the anode (the drain electrode) was 4.7 eV, and the work function

ms of the conductive material for forming the cathode (the source electrode) was 4.3

eV. In addition, the thickness and the relative dielectric constant of a gate insulating

layer of the transistor which is used as the diode were set to 100 nm and 4.0.

[0094]

In each of FIGS. 5A and 5B, the horizontal axis represents voltage (Vds)

between the anode and the cathode (between the drain and the source), and the positive

side shows forward bias and the negative side shows reverse bias. The vertical axis

represents current (Ids) between the anode and the cathode (between the drain and the

source). In FIG. 5B, the scale of the vertical axis (Ids) of FIG. 5A in the range of Vds

of 2 V to -12 V is changed so that reverse current in reverse bias can be easily



understood.

[0095]

A curve 851 represents the current vs. voltage characteristics when the diode

illustrated in FIGS. 1A and IB has a structure which satisfies Formula 1. That is, the

curve 851 shows the current vs. voltage characteristics of a diode having the following

structure (hereinafter referred to as a diode having a structure A): the second electrode

109 having the work function 0md is used as an anode (a drain electrode), the first

electrode 105 having the work function 0ms is used as a cathode (a source electrode),

and the second electrode 109 is electrically connected to the third electrode 113 and the

third electrode 115 which serve as the gate electrode of the transistor.

[0096]

A curve 852 represents the current vs. voltage characteristics when the diode

illustrated in FIGS. 2A and 2B has a structure which satisfies Formula 1. That is, the

curve 852 shows the current vs. voltage characteristics of a diode having the following

structure (hereinafter referred to as a diode having a structure B): the first electrode 105

having the work function 0md is used as an anode (a drain electrode), the second

electrode 109 having the work function 0ms is used as a cathode (a source electrode),

and the first electrode 105 is electrically connected to the third electrode 113 and the

third electrode 115 which serve as the gate electrode of the transistor.

[0097]

Note that in FIGS. 5A and 5B, a curve 853 and a curve 854 are shown for

reference. The curve 853 shows the current vs. voltage characteristics of a diode

having the following structure (hereinafter referred to as a diode having a structure C):

the second electrode 109 having the work function 0md is used as an anode, the first

electrode 105 having the work function 0ms is used as a cathode, and the first electrode

105 is electrically connected to the third electrode 113 and the third electrode 115 which

serve as the gate electrode of the transistor.

[0098]

The curve 854 shows the current vs. voltage characteristics of a diode having

the following structure (hereinafter referred to as a diode having a structure D): the first

electrode 105 having the work function 0md is used as an anode, the second electrode



109 having the work function 0ms is used as a cathode, and the second electrode 109 is

electrically connected to the third electrode 113 and the third electrode 115 which serve

as the gate electrode of the transistor.

[0099]

FIGS. 6A to 6D are cross-sectional schematic views which illustrate the

stacked structures of the diode having the structure A to the diode having the structure D.

FIG 6A illustrates a stacked structure of the diode having the structure A, which

corresponds to the diode illustrated in FIGS. 1A and IB. FIG 6B illustrates a stacked

structure of the diode having the structure B, which corresponds to the diode illustrated

in FIGS. 2A and 2B. FIG 6C illustrates a stacked structure of the diode having the

structure C, and FIG 6D illustrates a stacked structure of the diode having the structure

D. The diode having the structure C is obtained by switching the connection between

the gate electrode and the drain electrode to the connection between the gate electrode

and the source electrode in the diode having the structure A. In addition, the diode

having the structure D is obtained by switching the connection between the gate

electrode and the drain electrode in the diode having the structure B to the connection

between the gate electrode and the source electrode.

[0100]

FIGS. 5A and 5B show that each of the diode having the structure A (the curve

851) to the diode having the structure D (the curve 854) has an excellent rectification

property. The diode having the structure A and the diode having the structure B have

current vs. voltage characteristics in which forward current is large and reverse current

is small as compared with the diode having the structure C and the diode having the

structure D, that is, a more excellent rectification property.

[0101]

Further, when the diode having the structure A (the curve 851) and the diode

having the structure B (the curve 852) are compared, a more favorable forward current,

which is larger, can be obtained with the diode having the structure B whereas a more

favorable reverse current, which is smaller, can be obtained with the diode having the

structure A. This is because the second electrode 109 is used as the drain electrode

having the work function 0md in the diode having the structure A, and the first electrode



105 is used as the drain electrode having the work function <p d in the diode having the

structure B. That is, the area of contact between the first electrode 105 and the oxide

semiconductor layer 107 is larger than the area of contact between the second electrode

109 and the oxide semiconductor layer 107. That is, since the diode having the

structure B has a larger area of a portion where the oxide semiconductor and the

electrode are in contact with each other and the energy barrier exists than the diode

having the structure A, a larger amount of forward current can flow in the diode having

the structure B. In addition, since the diode having the structure A has a smaller area

of a portion where the oxide semiconductor and the electrode are in contact with each

other and the energy barrier exists than the diode having the structure B, the amount of

reverse current can be smaller in the diode having the structure A.

[0102]

As described above, when the area of contact between the oxide semiconductor

layer and the first electrode 105 is made different from the area of contact between the

oxide semiconductor layer and the second electrode 109 in the diode with the use of the

vertical transistor including the oxide semiconductor, a diode having an excellent

rectification property can be manufactured in accordance with a purpose. Specifically,

the diode having the structure A is used for achieving a smaller reverse current (leakage

current) and the diode having the structure B is used for achieving a larger forward

current, whereby a diode having an excellent rectification property can be manufactured

without changing the size of a transistor.

[0103]

Even when the area of contact between the oxide semiconductor layer and the

second electrode 109 is larger than the area of contact between the oxide semiconductor

layer and the first electrode 105, when the transistor which has the above structure is

formed, a diode having an excellent rectification property can be manufactured.

[0104]

(Embodiment 2)

In this embodiment, an example of a non-linear element according to an

embodiment of the present invention which has a structure different from that in

Embodiment 1 will be described with reference to FIGS. 7A and 7B. The non-linear

element described in this embodiment serves as a diode because a gate is connected to



one of a source and a drain in a transistor.

[0105]

In the diode illustrated in FIGS. 7A and 7B, a wiring 131 is connected to a first

electrode 105 and a third electrode 113, and a wiring 132 is connected to a first

electrode 106 and a third electrode 115. The first electrode 105 and the first electrode

106 are connected to a second electrode 109 through an oxide semiconductor layer 107.

The second electrode 109 is connected to a wiring 129.

[0106]

FIG 7A is a top view of diode-connected transistors 141 and 143. FIG 7B is

a cross-sectional view along dashed-and-dotted line A-B in FIG 7A.

[0107]

As illustrated in FIG 7B, the first electrode 105, the first electrode 106, the

oxide semiconductor layer 107, and the second electrode 109 are stacked over an

insulating layer 103 formed over a substrate 101. A gate insulating layer 111 is

provided so as to cover the first electrodes 105 and 106, the oxide semiconductor layer

107, and the second electrode 109. The third electrode 113 and the third electrode 115

are provided over the gate insulating layer 111. An insulating layer 117 that serves as

an interlayer insulating layer is provided over the gate insulating layer 111 and the third

electrodes 113 and 115. The wiring 129, the wiring 131, and the wiring 132 are

formed over the insulating layer 117. A plurality of openings are formed in the

insulating layer 117. The third electrode 113 is connected to the wiring 131, and the

third electrode 115 is connected to the wiring 132, each through the opening. In

addition, the wiring 129 is connected to the second electrode 109 through the opening

provided in the insulating layer 117 and the gate insulating layer 111.

[0108]

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

of the transistor 141. The first electrode 106 serves as one of a source electrode and a

drain electrode of the transistor 143. The second electrode 109 serves as the other of

the source electrode and the drain electrode of each of the transistors 141 and 143.

The third electrode 113 serves as a gate electrode of the transistor 141. The third

electrode 115 serves as a gate electrode of the transistor 143.

[0109]



In this embodiment, the transistor 141 and the transistor 143 are connected to

the wiring 129 through the second electrode 109. A signal which is input to the wiring

131 is output to the wiring 129 through the transistor 141, and a signal which is input to

the wiring 132 is output to the wiring 129 through the transistor 143.

[0110]

Although the first electrode 105 and the first electrode 106 are separated in this

embodiment, by electrically connecting the first electrode 105 and the first electrode

106 to each other, the transistor 141 and the transistor 143 can be connected in parallel.

By connecting the transistors in parallel, a larger amount of current can flow.

[0111]

The transistors 141 and 143 of this embodiment are formed using a highly

purified oxide semiconductor layer whose hydrogen concentration is reduced, in a

manner similar to that of Embodiment 1. Therefore, favorable operation of the

transistor can be obtained. In particular, off current can be decreased. As a result of

this, a transistor which has high operation speed and in which a large amount of current

can flow in an on state and almost no current flows in an off state can be manufactured.

By connecting a source or a drain of such a transistor to a gate thereof, a diode in which

forward current is large and reverse current is small can be manufactured. Therefore, a

diode which is resistant to an avalanche breakdown (i.e., has high withstand voltage)

can be manufactured.

[0112]

Note that the diode described in this embodiment is not limited to that

illustrated in FIGS. 7A and 7B. In the diode illustrated in FIGS. 7A and 7B, current

flows through the oxide semiconductor layer 107 from the first electrode 105 or the first

electrode 106 to the second electrode 109. A structure in which current flows through

the oxide semiconductor layer 107 from the second electrode 109 to the first electrode

105 or the first electrode 106 as illustrated in FIGS. 8A and 8B may be employed.

[0113]

In the diode illustrated in FIGS. 8A and 8B, a wiring 125 is connected to a third

electrode 113, a third electrode 115, and a second electrode 109. The second electrode

109 is connected to a first electrode 105 and a first electrode 106 through an oxide

semiconductor layer 107. The first electrode 105 is connected to a wiring 131, and the



first electrode 106 is connected to a wiring 132.

[0114]

In the diode illustrated in FIGS. 8A and 8B, the wiring 125 is provided so as to

overlap with a transistor 141 and a transistor 143. However, without limitation thereto,

the wiring 125 may be provided so as not to overlap with the transistor 141 and the

transistor 143 as in FIGS. 2A and 2B. When the wiring 125 does not overlap with the

transistor 141 and the transistor 143, parasitic capacitance generated between the wiring

125 and electrodes of the transistors can be suppressed.

[0115]

In addition, by applying the structure disclosed in Embodiment 1 to the diode

of this embodiment, the rectification property can be more excellent.

[0116]

(Embodiment 3)

In this embodiment, an example of a non-linear element according to an

embodiment of the present invention which has a structure different from that in

Embodiment 1 will be described with reference to FIGS. 9A and 9B. The non-linear

element described in this embodiment functions as a diode because a gate is connected

to one of a source and a drain in a transistor.

[0117]

In the diode illustrated in FIGS. 9A and 9B, a wiring 131 is connected to a first

electrode 105 and a third electrode 113. The first electrode 105 is connected to a

second electrode 109 through an oxide semiconductor layer 107. The second electrode

109 is connected to a wiring 129.

[0118]

FIG. 9A is a top view of a diode-connected transistor 145. FIG 9B is a

cross-sectional view along dashed-and-dotted line A-B in FIG 9A.

[0119]

As illustrated in FIG 9B, the first electrode 105, the oxide semiconductor layer

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

a substrate 101. A gate insulating layer 111 is provided so as to cover the first

electrode 105, the oxide semiconductor layer 107, and the second electrode 109. The

third electrode 113 is provided over the gate insulating layer 111. An insulating layer



117 serving as an interlayer insulating layer is provided over the gate insulating layer

111 and the third electrode 113. A plurality of openings are formed in the insulating

layer 117. The wiring 131 connected to the first electrode 105, and the wiring 129

connected to the second electrode 109 and the third electrode 113 through the each

opening are formed (see FIG 9A).

[0120]

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

of the transistor 145. The second electrode 109 serves as the other of the source

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

as a gate electrode of the transistor 145.

[0121]

In this embodiment, the third electrode 113 serving as the gate electrode has a

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

the channel width of the transistor can be increased. Accordingly, on current of the

transistor can be increased.

[0122]

The transistor 145 of this embodiment is formed using a highly purified oxide

semiconductor layer whose hydrogen concentration is reduced, in a manner similar to

that of Embodiment 1. Therefore, favorable operation of the transistor can be obtained.

Furthermore, off current can be decreased. As a result of this, a transistor which has

high operation speed and in which a large amount of current can flow in an on state and

almost no current flows in an off state can be manufactured. By connecting a source

or a drain of such a transistor to a gate thereof, a diode in which forward current is large

and reverse current is small can be manufactured. Therefore, a diode which is resistant

to an avalanche breakdown (i.e., has high withstand voltage) can be manufactured.

[0123]

Note that the diode described in this embodiment is not limited to that

illustrated in FIGS. 9A and 9B. In the diode illustrated in FIGS. 9A and 9B, current

flows through the oxide semiconductor layer 107 from the first electrode 105 to the

second electrode 109. A structure in which current flows through the oxide

semiconductor layer 107 from the second electrode 109 to the first electrode 105 as

illustrated in FIGS. 10A and 10B may be employed.



[0124]

In the diode illustrated in FIGS. 10A and 10B, a wiring 129 is connected to a

second electrode 109 and a third electrode 113. The second electrode 109 is connected

to a first electrode 105 through an oxide semiconductor layer 107. The first electrode

105 is connected to a wiring 131.

[0125]

In addition, by applying the structure disclosed in Embodiment 1 to the diode

of this embodiment, the rectification property can be more excellent.

[0126]

(Embodiment 4)

In this embodiment, a manufacturing process of the diode-connected transistor

illustrated in FIGS. lAand IB will be described with reference to FIGS. HAto HE.

[0127]

As illustrated in FIG A, the insulating layer 103 is formed over the substrate

101, and the first electrode 105 is formed over the insulating layer 103. The first

electrode 105 serves as one of the source electrode and the drain electrode of the

transistor.

[0128]

The insulating layer 103 can be formed by a sputtering method, a CVD method,

a coating method, or the like.

[0129]

Note that when the insulating layer 103 is formed by a sputtering method, the

insulating layer 103 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 insulating layer 103. 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 the entrapment vacuum pump, a cryopump, an ion pump, or a

titanium sublimation pump is preferably used, for example. In addition, as an

evacuation unit, a turbo pump provided with a cold trap may be used. Hydrogen,

water, a hydroxyl group, hydride, or the like is removed from the treatment chamber

which is evacuated with a cryopump; thus, when the insulating layer 103 is formed in



the treatment chamber, the concentration of impurities contained in the insulating layer

103 can be reduced.

[0130]

As a sputtering gas used for forming the insulating layer 103, a high-purity gas

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

hydride are reduced to a concentration of a "ppm" level or a "ppb" level.

[0131]

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

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

method in which a DC power source is used, and a pulsed DC sputtering method in

which a bias is applied in a pulsed manner. An RF sputtering method is mainly used in

the case where an insulating layer is formed, and a DC sputtering method is mainly used

in the case where a metal film is formed.

[0132]

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

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

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

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

time in the same chamber.

[0133]

Alternatively, a sputtering apparatus provided with a magnet system inside a

chamber and used for a magnetron sputtering method, or a sputtering apparatus used for

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

used without using glow discharge can be used.

[0134]

Further, as a sputtering method, a reactive sputtering method in which a target

substance and a sputtering gas component are chemically reacted with each other during

deposition to form a thin compound film thereof, or a bias sputtering method in which

voltage is also applied to a substrate during deposition can be used.

[0135]

For the sputtering in this specification, the above-described sputtering

apparatus and sputtering method can be employed as appropriate.



[0136]

In this embodiment, a silicon oxide film is formed as the insulating layer 103

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 insulating layer

103 is formed, the substrate 101 may be heated.

[0137]

For example, the silicon oxide film is formed by an RF sputtering method

under the following conditions: quartz (preferably, synthesized quartz) is used, the

substrate temperature is 108 °C, the distance between the target and the substrate (the

T-S distance) is 60 mm, the pressure is 0.4 Pa, the power of the high frequency power

source is 1.5 kW, and the atmosphere contains oxygen and argon (the flow ratio of

oxygen to argon is 1:1 (each flow rate is 25 seem)). The film thickness may be 100

nm, for example. Note that instead of quartz (preferably, synthesized quartz), a silicon

target can be used. Note that as the sputtering gas, oxygen, or a mixed gas of oxygen

and argon is used.

[0138]

When the insulating layer 103 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 the 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 that of the silicon oxide film. Note that in the process, the substrate 101 may

be heated.

[0139]

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

to form the insulating layer 103, the silicon nitride film and the silicon oxide film can be

formed in the same treatment chamber using the same silicon target. A sputtering gas

containing nitrogen is introduced into the treatment chamber first, and the silicon nitride

film is formed using a silicon target provided in the treatment chamber; next, the



sputtering gas containing nitrogen is switched to a sputtering gas containing oxygen and

the silicon oxide film is formed using the same silicon target. 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 adsorbed on the surface of the silicon nitride film.

[0140]

The first electrode 105 can be formed in such a manner that a conductive layer

is formed over the substrate 101 by a sputtering method, a CVD method, or a vacuum

evaporation method, a resist mask is formed over the conductive layer in a

photolithography step, and the conductive layer is etched using the resist mask.

Alternatively, by forming the first electrode 105 by a printing method or an ink-jet

method without using a photolithography step, the number of steps can be reduced.

Note that the end portions of the first electrode 105 preferably have a tapered shape

because the coverage with the gate insulating layer formed later can be improved.

When the angle between the end portion of the first electrode 105 and the insulating

layer 103 is smaller than 90°, preferably smaller than 80°, more preferably smaller than

70°, the coverage with the gate insulating layer formed later can be improved.

[0141]

As the conductive layer for forming the first electrode 105, a single layer or

stacked layers using one or more of tungsten (W), molybdenum (Mo), chromium (Cr),

iron (Fe), indium tin oxide (ΠΌ ), titanium (Ti), yttrium (Y), aluminum (Al),

magnesium (Mg), silver (Ag), zirconium (Zr), and the like can be used.

[0142]

In this embodiment, as the conductive layer for forming the first electrode 105,

by a sputtering method, a titanium layer is formed to have a thickness of 50 nm, an

aluminum layer is formed to have a thickness of 100 nm, and a titanium layer is formed

to have a thickness of 50 nm. Then, the conductive layer is etched with the use of a

resist mask formed through a photolithography step, thereby forming the first electrode

105. A material of the first electrode 105 that is in contact with the oxide

semiconductor layer formed later can also be selected in consideration of the relation

between the electron affinity and the work function which is described in Embodiment



1.

[0143]

Next, as illustrated in FIG. 11B, the oxide semiconductor layer 107 and the

second electrode 109 are formed over the first electrode 105. The oxide

semiconductor layer 107 serves as a channel formation region of the transistor, and the

second electrode 109 serves as the other of the source electrode and the drain electrode

of the transistor.

[0144]

Here, a method for manufacturing the oxide semiconductor layer 107 and the

second electrode 109 is described.

[0145]

An oxide semiconductor layer is formed by a sputtering method over the

substrate 101 and the first electrode 105. Next, a conductive layer is formed over the

oxide semiconductor layer.

[0146]

As pretreatment, it is preferable that the substrate 101 provided with the first

electrode 105 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 layer 107 as little as possible. Note that as an evacuation unit provided

in the preheating chamber, a cryopump is preferably used. Note also that this

preheating treatment can be omitted. In addition, this preheating may be performed on

the substrate 101 before the formation of the gate insulating layer 111 formed later, or

may be performed on the substrate 101 before the formation of the third electrode 113

and the third electrode 115 formed later.

[0147]

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

method, reverse sputtering in which plasma is generated with an argon gas introduced is

preferably performed to remove dust attached to or an oxide layer formed on the surface

of the first electrode 105, so that resistance at the interface between the first electrode

105 and the oxide semiconductor layer 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 to generate plasma 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.

[0148]

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

method with the use of an In-Ga-Zn-O-based metal oxide target. Further, the oxide

semiconductor layer can be formed with a sputtering method in a rare gas (typically,

argon) atmosphere, an oxygen atmosphere, or an atmosphere containing a rare gas

(typically, argon) and oxygen. When a sputtering method is employed, a target

containing SiO at 2 wt to 10 wt inclusive may be used.

[0149]

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

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

hydroxyl group, or hydride are reduced to a concentration of a "ppm" level or a "ppb"

level.

[0150]

As a target for forming the oxide semiconductor layer with a sputtering method,

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

another example of a metal oxide target, a metal oxide target containing In, Ga, and Zn

(a composition ratio is In20 3:Ga20 3:ZnO = 1:1:1 [molar ratio] or In 0 3:Ga20 3:ZnO =

1:1:2 [molar ratio]) can be used. Alternatively, as a metal oxide target containing In,

Ga, and Zn, a target having a composition ratio of In20 3:Ga 0 3:ZnO = 2:2:1 [molar

ratio] or In20 3:Ga20 3:ZnO = 1:1:4 [molar ratio] can be used. The filling rate of the

metal oxide target is 90 % to 100 % inclusive, preferably 95 % to 99.9 % inclusive.

An oxide semiconductor layer which is formed using the metal oxide target with high

filling rate is dense.

[0151]

The oxide semiconductor layer is formed over the substrate 101 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 kept in the treatment chamber 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. As an evacuation unit, a

turbo pump provided with a cold trap may be used. For example, hydrogen, water, a

hydroxyl group, hydride, or the like (more preferably, also a compound containing a

carbon atom) is removed from the treatment chamber which is evacuated using a

cryopump; therefore, the concentration of impurities contained in the oxide

semiconductor layer can be reduced. The oxide semiconductor layer may be formed

while the substrate is heated.

[0152]

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

semiconductor layer, the following conditions are applied: the substrate temperature is

room temperature, the distance between the substrate and the target is 110 mm; the

pressure is 0.4 Pa; the power of the direct current (DC) power source is 0.5 kW; and the

atmosphere contains oxygen and argon (the oxygen flow rate is 15 seem, and the argon

flow rate is 30 seem). It is preferable that a pulsed direct-current (DC) power source

be used because powder substances (also referred to as particles or dust) generated in

deposition can be reduced and the film thickness can be uniform. The oxide

semiconductor layer preferably has a thickness of 30 nm to 3000 nm inclusive. Note

that an appropriate thickness differs depending on an oxide semiconductor material used,

and the thickness may be set as appropriate depending on the material.

[0153]

Note that the sputtering method used for forming the insulating layer 103 can

be used as appropriate as a sputtering method for forming the oxide semiconductor

layer.

[0154]

The conductive layer for forming the second electrode 109 can be formed using

the material and the method which are used for the first electrode 105, as appropriate.

In addition, the first electrode 105 and the second electrode 109 can be formed of

different materials in accordance with the work functions of the materials used and the



electron affinity of the oxide semiconductor layer as described in Embodiment 1. Here,

a tungsten layer with a thickness of 50 nm, an aluminum layer with a thickness of 100

nm, and a titanium layer with a thickness of 50 nm are sequentially stacked as the

conductive layer for forming the second electrode 109.

[0155]

Next, a resist mask is formed over the conductive layer in a photolithography

step, the conductive layer for forming the second electrode 109 and the oxide

semiconductor layer for forming the oxide semiconductor layer 107 are etched using the

resist mask, whereby the second electrode 109 and the oxide semiconductor layer 107

are formed. Instead of the resist mask formed in the photolithography step, a resist

mask is formed using an ink-jet method, so that the number of steps can be reduced.

When the angle between the first electrode 105 and the end portions of the second

electrode 109 and the oxide semiconductor layer 107 is smaller than 90°, preferably

smaller than 80°, more preferably smaller than 70° by the etching, the coverage with the

gate insulating layer formed later can be improved.

[0156]

Note that the etching of the conductive layer and the oxide semiconductor layer

here may be performed using either dry etching or wet etching, or using both dry

etching and wet etching. In order to form the oxide semiconductor layer 107 and the

second electrode 109 each having a desired shape, an etching condition (etchant, etching

time, temperature, or the like) is adjusted as appropriate in accordance with a material.

[0157]

When the etching rate of each of the oxide semiconductor layer and the

conductive layer for forming the second electrode 109 is different from that of the first

electrode 105, conditions in which the etching rate of the first electrode 105 is low and

the etching rate of each of the oxide semiconductor layer and the conductive layer for

forming the second electrode 109 is high are selected. Alternatively, a condition in

which the etching rate of the oxide semiconductor layer is low and the etching rate of

the conductive layer for forming the second electrode 109 is high is selected, the

conductive layer for forming the second electrode 109 is etched; then, a condition in

which the etching rate of the first electrode 105 is low and the etching rate of the oxide



semiconductor layer is high is selected.

[0158]

As an etchant used for wet etching performed on the oxide semiconductor layer,

a solution obtained by mixing phosphoric acid, acetic acid, and nitric acid, an ammonia

hydrogen peroxide (hydrogen peroxide at 31 wt : ammonia water at 28 wt : water =

5:2:2, capacity ratio), or the like can be used. Alternatively, ITO-07N (manufactured

by Kanto Chemical Co., Inc.) may be used.

[0159]

The etchant after the wet etching is removed together with the material etched

off 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 layer is collected from the waste liquid after the

etching and reused, resources can be effectively used and cost can be reduced.

[0160]

As the etching gas for dry etching, a gas containing chlorine (chlorine-based

gas such as chlorine (Cl2), boron trichloride (BC13), silicon tetrachloride (SiCI4), or

carbon tetrachloride (CC14)) is preferably used.

[0161]

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

tetrafluoride (CF4), sulfur hexafluoride (SF ), nitrogen trifluoride (NF3), or

trifluoromethane (CHF3)); hydrogen bromide (HBr); oxygen (0 2); any of these gases to

which a rare gas such as helium (He) or argon (Ar) is added; or the like can be used.

[0162]

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

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

film into a desired shape, the etching condition (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.

[0163]

In this embodiment, the conductive layer for forming the second electrode 109

is etched by a dry etching method, and then, the oxide semiconductor layer is etched



with a solution obtained by mixing phosphoric acid, acetic acid, and nitric acid to form

the oxide semiconductor layer 107.

[0164]

Next, in this embodiment, first heat treatment is performed. A temperature of

the first heat treatment is 400 °C to 750 °C inclusive, 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 oxide semiconductor layer in an atmosphere of an inert

gas such as nitrogen or a rare gas at 450 °C for one hour, and then, the oxide

semiconductor layer is not exposed to the air. Accordingly, hydrogen, water, a

hydroxyl group, hydride, or the like can be prevented from entering the oxide

semiconductor layer, the hydrogen concentration is reduced, and the purity is increased.

As a result, an i-type oxide semiconductor layer or a substantially i-type oxide

semiconductor layer can be obtained. That is, at least one of dehydration and

dehydrogenation of the oxide semiconductor layer 107 can be performed by this first

heat treatment.

[0165]

Note that it is preferable that in the first 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 6N (99.9999 ) or

higher, preferably 7N (99.99999 ) or higher (that is, the impurity concentration is 1

ppm or lower, preferably 0.1 ppm or lower).

[0166]

Further, depending on the condition of the first heat treatment or a material of

the oxide semiconductor layer, the oxide semiconductor layer might be crystallized and

changed to a microcrystalline film or a polycrystalline film. For example, the oxide

semiconductor layer may be crystallized to become a microcrystalline semiconductor

layer having a degree of crystallization of 90 % or more, or 80 % or more. Further,

depending on the condition of the first heat treatment or the material of the oxide

semiconductor layer, the oxide semiconductor layer may become an amorphous oxide



semiconductor layer containing no crystalline component. The oxide semiconductor

layer might become an oxide semiconductor layer in which a microcrystalline portion

(with a grain diameter of 1 nm to 20 nm inclusive, typically 2 nm to 4 nm inclusive) is

mixed in an amorphous oxide semiconductor layer.

[0167]

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

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

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

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

[0168]

Note that the heat treatment which has an effect of dehydration or

dehydrogenation on the oxide semiconductor layer may be performed after the oxide

semiconductor layer is formed, after the conductive layer for forming the second

electrode is stacked over the oxide semiconductor layer, after the gate insulating layer is

formed over the first electrode, the oxide semiconductor layer, and the second electrode,

or after the gate electrode is formed.

[0169]

Next, as illustrated in FIG 11C, the gate insulating layer 111 is formed over the

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

[0170]

The i-type oxide semiconductor layer or the substantially i-type oxide

semiconductor layer (the highly purified oxide semiconductor layer whose hydrogen

concentration is reduced) obtained by the removal of impurities is extremely sensitive to

an interface state and interface charge; therefore, the interface between the oxide

semiconductor layer and the gate insulating layer 111 is important. Therefore, the gate

insulating layer 111 which is in contact with the highly purified oxide semiconductor

layer needs high quality.

[0171]

For example, high-density plasma CVD using a microwave (2.45 GHz) is

preferably used, in which case an insulating layer which is dense, has high withstand

voltage, and has high quality can be formed. This is because when the highly purified

oxide semiconductor layer whose hydrogen concentration is reduced and the



high-quality gate insulating layer are in close contact with each other, the interface state

can be reduced and the interface characteristics can be favorable.

[0172]

Needless to say, a different deposition method such as a sputtering method or a

plasma CVD method can be used as long as a high-quality insulating layer can be

formed as the gate insulating layer. In addition, as the gate insulating layer, an

insulating layer whose characteristics of an interface with the oxide semiconductor layer

are improved or whose film quality is improved by heat treatment after the formation

may be used. In any case, an insulating layer which can reduce the interface state

density with the oxide semiconductor layer and can form a favorable interface, in

addition to having good film quality as the gate insulating layer, may be used.

[0173]

In a gate bias-temperature stress test (BT test) at 85 °C at 2 x 106 V/cm for 12

hours, when impurities are added to the oxide semiconductor layer, bonds between the

impurities and main components of the oxide semiconductor layer are cut due to an

intense electric field (B: bias) and high temperature (T: temperature), and generated

dangling bonds cause a shift in threshold voltage ( V ) .

[0174]

On the other hand, when impurities of the oxide semiconductor layer, in

particular, hydrogen, water, or the like, are removed as much as possible, and

characteristics of an interface between the oxide semiconductor layer and the gate

insulating layer are improved as described above, a transistor which is stable with

respect to the BT test can be obtained.

[0175]

When the gate insulating layer 111 is formed by a sputtering method, the

hydrogen concentration of the gate insulating layer 111 can be reduced. When a

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

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

gas.

[0176]

The gate insulating layer 111 can have a structure in which a silicon oxide film

and a silicon nitride film are stacked in that order over the first electrode 105, the oxide



semiconductor layer 107, and the second electrode 109. A gate insulating layer having

a thickness of 100 nm may be formed in such a manner that a silicon oxide film (SiO (x

> 0)) having a thickness of 5 nm to 300 nm inclusive is formed as a first gate insulating

layer and then a silicon nitride film (SiN^ ( > 0)) having a thickness of 50 nm to 200

nm inclusive is stacked as a second gate insulating layer over the first gate insulating

layer by a sputtering method. In this embodiment, a 100-nm-thick silicon oxide film is

formed by an RF sputtering method under the condition that the pressure is 0.4 Pa, the

power of the high-frequency power source is 1.5 kW, and the atmosphere contains

oxygen and argon (the flow ratio of oxygen to argon is 1:1 (each flow rate is 25 seem)).

[0177]

Next, second heat treatment may be performed in an inert gas atmosphere or an

oxygen gas atmosphere (preferably, at a temperature of 200 °C to 400 °C inclusive, for

example, 250 °C to 350 °C inclusive). Note that the second heat treatment may be

performed after the formation of the third electrode 113, the third electrode 115, the

insulating layer 117, the wiring 125, or the wiring 131, which is performed later.

Through this heat treatment, oxygen deficiency in the oxide semiconductor layer which

is generated by the first heat treatment is supplied with oxygen in the gate insulating

layer or oxygen in the atmosphere for the heat treatment, whereby an oxide

semiconductor layer which is more i-type can be obtained.

[0178]

Then, the third electrode 113 and the third electrode 115 serving as the gate

electrode are formed over the gate insulating layer 111.

[0179]

The third electrodes 113 and 115 can be formed in such a manner that a

conductive layer for forming the third electrodes 113 and 115 is formed over the gate

insulating layer 111 by a sputtering method, a CVD method, or a vacuum evaporation

method, a resist mask is formed over the conductive layer in a photolithography step,

and the conductive layer is etched using the resist mask. A material similar to that of

the first electrode 105 can be used for the conductive layer for forming the third

electrode 113 and the third electrode 115.

[0180]



In this embodiment, after a titanium layer having a thickness of 150 nm is

formed by a sputtering method, etching is performed using a resist mask formed in a

photolithography step, so that the third electrode 113 and the third electrode 115 are

formed.

[0181]

Through the above process, the transistor 133 having the highly purified oxide

semiconductor layer 107 whose hydrogen concentration is reduced can be formed.

[0182]

Next, as illustrated in FIG 11D, after the insulating layer 117 is formed over

the gate insulating layer 111, the third electrode 113, and the third electrode 115, a

contact hole 119, a contact hole 121, and a contact hole 123 are formed.

[0183]

The insulating layer 117 is formed using an oxide insulating layer such as a

silicon oxide layer, a silicon oxynitride layer, an aluminum oxide layer, or an aluminum

oxynitride layer; or a nitride insulating layer such as a silicon nitride layer, a silicon

nitride oxide layer, an aluminum nitride layer, or an aluminum nitride oxide layer.

Alternatively, an oxide insulating layer and a nitride insulating layer can be stacked.

[0184]

The insulating layer 117 is formed by a sputtering method, a CVD method, or

the like. Note that when the insulating layer 117 is formed by a sputtering method, the

substrate 101 may be heated to a temperature of 100 °C to 400 °C inclusive, a sputtering

gas which contains high-purity nitrogen, from which hydrogen, water, a hydroxyl group,

hydride, or the like is removed may be introduced, and an insulating later may be

formed using a silicon target. Also in this case, an insulating layer is preferably

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

treatment chamber is removed.

[0185]

Note that after the insulating layer 117 is formed, heat treatment may be

performed in the air at a temperature of 100 °C to 200 °C inclusive for 1 hour to 30

hours inclusive. With this heat treatment, a normally-off transistor can be obtained.

Therefore, reliability of the semiconductor device can be improved.



[0186]

A resist mask is formed in a photolithography step, and parts of the gate

insulating layer 111 and the insulating layer 117 are removed by selective etching,

whereby the contact hole 119, the contact hole 121, and the contact hole 123 which

reach the third electrode 113, the third electrode 115, and the second electrode 109 are

formed.

[0187]

Next, after a conductive layer is formed over the gate insulating layer 111, the

insulating layer 117, and the contact holes 119, 121, and 123, etching is performed using

a resist mask formed in a photolithography step, whereby the wiring 125 and the wiring

131 (not illustrated in FIG HE) are formed. Note that the resist mask may be formed

by an ink-jet method. No photomask is used when the resist mask is formed by an

ink-jet method; therefore, manufacturing cost can be reduced.

[0188]

The wirings 125 and 131 can be formed in a manner similar to that of the first

electrode 105.

[0189]

Note that a planarization insulating layer for planarization may be provided

between the third electrodes 113 and 115 and the wirings 125 and 131. An organic

material having heat resistance, such as polyimide, an acrylic resin, a

benzocyclobutene-based resin, polyamide, or an epoxy resin can be used as typical

examples of the planarization insulating layer. Other than such organic materials, it is

possible to use a low-dielectric constant material (a low-k material), a siloxane-based

resin, phosphosilicate glass (PSG), borophosphosilicate glass (BPSG), or the like.

Note that the planarization insulating layer may be formed by stacking a plurality of

insulating layers formed using any of these materials.

[0190]

Note that the siloxane-based resin corresponds to a resin containing a Si-O-Si

bond formed using a siloxane-based material as a starting material. The

siloxane-based resin may include an organic group (e.g., an alkyl group or an aryl

group) or a fluoro group as a substituent. Moreover, the organic group may include a

fluoro group.



[0191]

There is no particular limitation on a method for forming the planarization

insulating layer. Depending on the material, the planarization insulating layer can be

formed by a method such as sputtering method, an SOG method, a spin coating method,

a dipping method, a spray coating method, or a droplet discharge method (e.g., an

ink-jet method, screen printing, or offset printing), or by using a tool (equipment) such

as a doctor knife, a roll coater, a curtain coater, or a knife coater.

[0192]

As described above, the hydrogen concentration in the oxide semiconductor

layer can be reduced, and the oxide semiconductor layer can be highly purified.

Accordingly, the oxide semiconductor layer can be stable. In addition, heat treatment

at a temperature of lower than or equal to the glass transition temperature makes it

possible to form an oxide semiconductor layer with a wide band gap in which the

number of minority carriers is extremely small. Thus, transistors can be manufactured

using a large-area substrate, which leads to enhancement in mass production. In

addition, using the highly purified oxide semiconductor layer whose hydrogen

concentration is reduced makes it possible to manufacture a transistor which is suitable

for higher definition and has high operation speed and in which a large amount of

current can flow in an on state and almost no current flows in an off state.

[0193]

By electrically connecting one of a source electrode and a drain electrode of

such a transistor to a gate electrode thereof, a diode in which reverse current is very

small can be obtained. Therefore, according to this embodiment, a diode which is

resistant to an avalanche breakdown (i.e., has high withstand voltage) can be

manufactured.

[0194]

Note that a halogen element (e.g. fluorine or chlorine) may be contained in an

insulating layer provided in contact with the oxide semiconductor layer, or a halogen

element may be contained in the oxide semiconductor layer by plasma treatment in a

gas atmosphere containing a halogen element in a state that the oxide semiconductor

layer is exposed, whereby impurities such as hydrogen, water, a hydroxyl group, or

hydride (also referred to as a hydrogen compound) existing in the oxide semiconductor



layer or at the interface between the oxide semiconductor layer and the insulating layer

which is provided in contact with the oxide semiconductor layer may be removed.

When the insulating layer contains a halogen element, the halogen element

18 3 3concentration in the insulating layer may be 5 x 10 atoms/cm to 1 x 10 atoms/cm

inclusive.

[0195]

As described above, in the case where a halogen element is contained in the

oxide semiconductor layer or at the interface between the oxide semiconductor layer

and the insulating layer which is in contact with the oxide semiconductor layer and the

insulating layer which is provided in contact with the oxide semiconductor layer is an

oxide insulating layer, the side of the oxide insulating layer which is not in contact with

the oxide semiconductor layer is preferably covered with a nitride insulating layer.

That is, a silicon nitride film or the like may be provided on and in contact with the

oxide insulating layer which is in contact with the oxide semiconductor layer. With

such a structure, impurities such as hydrogen, water, a hydroxyl group, or hydride can

be prevented from entering the oxide insulating layer.

[0196]

Note that the diodes illustrated in FIGS. 2Aand 2B, FIGS. 6Ato 6D, FIGS. 7A

and 7B, FIGS. 8A and 8B, and FIGS. 9A and 9B can also be formed in a manner similar

to the above.

[0197]

This embodiment can be implemented in appropriate combination with the

structure described in any of other embodiments.

[0198]

(Embodiment 5)

In this embodiment, a diode-connected transistor including an oxide

semiconductor layer which is different from that described in Embodiment 4, and a

manufacturing method thereof, will be described with reference to FIGS. H A to H E

and FIGS. 12Aand l2B.

[0199]

In a manner similar to that in Embodiment 4, as illustrated in FIG HA, an

insulating layer 103 and a first electrode 105 are formed over a substrate 101. Next, as



illustrated in FIG 11B, an oxide semiconductor layer 107 and a second electrode 109

are formed over the first electrode 105.

[0200]

Next, first heat treatment is performed. The first heat treatment in this

embodiment is different from the first heat treatment in the above embodiment. The

heat treatment makes it possible to form an oxide semiconductor layer 151 in which

crystal grains are formed in the surface as illustrated in FIG 12A. In this embodiment,

the first heat treatment is performed with an apparatus for heating an object to be

processed by at least one of thermal conduction and thermal radiation from a heater

such as a resistance heater. Here, the temperature of the heat treatment is 500 °C to

700 °C inclusive, preferably 650 °C to 700 °C inclusive. Note that the upper limit of

the heat treatment temperature needs to be within the allowable temperature limit of the

substrate 101. In addition, the length of time of the heat treatment is preferably 1

minute to 10 minutes inclusive. When RTA treatment is employed for the first heat

treatment, the heat treatment can be performed in a short time; thus, adverse effects of

heat on the substrate 101 can be reduced. In other words, the upper limit of the heat

treatment temperature can be raised in this case as compared with the case where heat

treatment is performed for a long time. In addition, the crystal grains having

predetermined structures can be selectively formed in the vicinity of the surface of the

oxide semiconductor layer.

[0201]

As examples of the heat treatment apparatus that can be used in this

embodiment, rapid thermal anneal (RTA) apparatuses such as a gas rapid thermal anneal

(GRTA) apparatus and a lamp rapid thermal anneal (LRTA) apparatus, and the like are

given. An LRTA apparatus is an apparatus for heating an object to be processed by

radiation of light (an electromagnetic wave) emitted from a lamp such as a halogen

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

lamp, or a high pressure mercury lamp. A GRTA apparatus is an apparatus for

performing heat treatment using a high-temperature gas. As the gas, an inert gas

which does not react with an object to be processed by heat treatment, such as nitrogen

or a rare gas such as argon is used.



[0202]

For example, as the first heat treatment, GRTA may be performed as follows.

The substrate is transferred and put in an atmosphere of an inert gas such as nitrogen or

a rare gas which has been heated to a high temperature of 650 °C to 700 °C inclusive,

heated for several minutes, and transferred and taken out of the inert gas which has been

heated to a high temperature. With GRTA, high-temperature heat treatment for a short

period of time can be achieved.

[0203]

Note that it is preferable that in the first 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 6N (99.9999 ) or

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

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

[0204]

Note that the above heat treatment may be performed at any timing as long as it

is performed after the oxide semiconductor layer 107 is formed; however, in order to

promote dehydration or dehydrogenation, the heat treatment is preferably performed

before other components are formed over a surface of the oxide semiconductor layer

107. In addition, the heat treatment may be performed plural times instead of once.

[0205]

FIG 12B is an enlarged view of a dashed line portion 153 in FIG 12A.

[0206]

The oxide semiconductor layer 151 includes an amorphous region 155 that

mainly contains an amorphous oxide semiconductor and crystal grains 157 that are

formed in the surface of the oxide semiconductor layer 151. Further, the crystal grains

157 are formed in a region that has a thickness (depth) of about 20 nm in a direction

perpendicular to the surface of the oxide semiconductor layer 151 (i.e., in the vicinity of

the surface). Note that the location where the crystal grains 157 are formed is not

limited to the above in the case where the thickness of the oxide semiconductor layer

151 is large. For example, in the case where the oxide semiconductor layer 151 has a



thickness of 200 n or more, the "vicinity of the surface (surface vicinity)" means a

region that has a thickness (depth) in a direction perpendicular to the surface, which is

10 % or less of the thickness of the oxide semiconductor layer.

[0207]

Here, the amorphous region 155 mainly contains an amorphous oxide

semiconductor layer. Note that the word "mainly" means, for example, a state where

one occupies 50 % or more of a region. n this case, it means a state where the

amorphous oxide semiconductor layer occupies 50 % or more of vol (or wt ) of the

amorphous region 155. That is, the amorphous region in some cases includes crystals

of the oxide semiconductor layer other than the amorphous oxide semiconductor layer,

and the percentage of the content thereof is preferably lower than 50 % of vol% (or

wt%). However, the percentage of the content is not limited to the above.

[0208]

In the case where the In-Ga-Zn-O-based oxide semiconductor is used as a

material for the oxide semiconductor layer, the composition of the above amorphous

region 155 is preferably set so that a Zn content (at.%) is lower than an In or Ga content

(at.%). With such a composition, the crystal grains 157 of a predetermined

composition are easily formed.

[0209]

After that, a gate insulating layer and a third electrode that serves as a gate

electrode are formed in a manner similar to that of Embodiment 4 to complete the

transistor.

[0210]

The surface of the oxide semiconductor layer 151, which is in contact with the

gate insulating layer, serves as a channel. The crystal grains are included in the region

that serves as a channel, whereby the resistance between a source, the channel, and a

drain is reduced and carrier mobility is increased. Thus, the field-effect mobility of the

transistor which includes the oxide semiconductor layer 151 is increased, which leads to

favorable electric characteristics of the transistor.

[0211]

Further, the crystal grains 157 are more stable than the amorphous region 155;



thus, when the crystal grains 157 are included in the vicinity of the surface of the oxide

semiconductor layer 151, entry of impurities (e.g., hydrogen, water, a hydroxyl group,

or hydride) into the amorphous region 155 can be reduced. Thus, the reliability of the

oxide semiconductor layer 151 can be improved.

[0212]

Through the above process, the concentration of hydrogen in the oxide

semiconductor layer can be reduced and the oxide semiconductor layer can be highly

purified. Accordingly, the oxide semiconductor layer can be stable. In addition, heat

treatment at a temperature of lower than or equal to the glass transition temperature

makes it possible to form an oxide semiconductor layer with a wide band gap in which

the number of minority carriers is extremely small. Thus, transistors can be

manufactured using a large-area substrate, which leads to enhancement in mass

production. In addition, using the highly purified oxide semiconductor layer whose

hydrogen concentration is reduced makes it possible to manufacture a transistor which

is suitable for higher definition and has high operation speed and in which a large

amount of current can flow in an on state and almost no current flows in an off state.

[0213]

By electrically connecting one of a source electrode and a drain electrode of

such a transistor to a gate electrode thereof, a diode in which forward current is large

and reverse current is small can be manufactured. Therefore, a diode which is resistant

to an avalanche breakdown (i.e., has high withstand voltage) can be manufactured.

[0214]

This embodiment can be implemented in appropriate combination with the

structure described in any of other embodiments.

[0215]

(Embodiment 6)

In this embodiment, manufacturing steps of the diode-connected transistor

illustrated in FIGS. 1A and IB, which are different from those in Embodiment 4, will be

described with reference to FIGS. HAto HE.

[0216]

In a manner similar to that of Embodiment 4, as illustrated in FIG. HA, the

first electrode 105 is formed over the substrate 101.



[0217]

Next, as illustrated in FIG. 11B, the oxide semiconductor layer 107 and the

second electrode 109 are formed over the first electrode 105.

[0218]

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

method, reverse sputtering in which plasma is generated with an argon gas introduced is

preferably performed to remove dust attached to or an oxide layer formed on the surface

of the first electrode 105, so that resistance at the interface between the first electrode

105 and the oxide semiconductor layer can be reduced. Note that instead of an argon

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

[0219]

The oxide semiconductor layer is formed by a sputtering method over the

substrate 101 and the first electrode 105. Next, the conductive layer is formed over the

oxide semiconductor layer.

[0220]

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

method using an In-Ga-Zn-O-based metal oxide target. In this embodiment, the

substrate is held in a treatment chamber which is maintained in a reduced pressure state,

and the substrate is heated to room temperature or a temperature of lower than 400 °C.

Then, the oxide semiconductor layer is formed over the substrate 101 and the first

electrode 105 in such a manner that a sputtering gas from which hydrogen, water, a

hydroxyl group, hydride, or the like is removed is introduced and a metal oxide is used

as a target while hydrogen, water, a hydroxyl group, hydride, or the like 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. As an evacuation unit, a turbo pump provided

with a cold trap may be used. From the treatment chamber evacuated with a cryopump,

for example, hydrogen, water, a hydroxyl group, hydride (preferably, also a compound

containing a carbon atom), or the like is removed; thus, the concentration of impurities

contained in the oxide semiconductor layer formed in the treatment chamber can be

reduced. Further, by performing sputtering formation while hydrogen, water, a



hydroxyl group, hydride, or the like remaining in the treatment chamber is removed

with a cryopump, an oxide semiconductor layer in which impurities such as hydrogen

atoms and water are reduced can be formed even at a substrate temperature of room

temperature to a temperature of lower than 400 °C.

[0221]

In this embodiment, film formation conditions where the distance between the

substrate and the target is 100 mm, the pressure is 0.6 Pa, the power of the direct-current

(DC) power source is 0.5 kW, and the atmosphere is an oxygen atmosphere (the oxygen

flow percentage is 100 ) are employed. It is preferable that a pulsed direct-current

(DC) power source be used because powder substances (also referred to as particles or

dust) generated in film formation can be reduced and the film thickness can be uniform.

The oxide semiconductor layer preferably has a thickness of 30 nm to 3000 nm

inclusive. Note that an appropriate thickness differs depending on an oxide

semiconductor material which is used, and the thickness may be set as appropriate

depending on the material.

[0222]

Note that a sputtering method used for forming the insulating layer 103 can be

used as appropriate as a sputtering method for forming the oxide semiconductor layer.

[0223]

Next, the conductive layer for forming the second electrode 109 is formed

using the material and the method that are used for forming the first electrode 105. In

addition, the first electrode 105 and the second electrode 109 can be formed of different

materials, in accordance with the work functions of the materials used.

[0224]

Next, in a manner similar to that of Embodiment 4, the conductive layer for

forming the second electrode 109 and the oxide semiconductor layer for forming the

oxide semiconductor layer 107 are etched, so that the second electrode 109 and the

oxide semiconductor layer 107 are formed. In order to form the oxide semiconductor

layer 107 and the second electrode 109 each having a desired shape, an etching

condition (etchant, etching time, temperature, or the like) is adjusted as appropriate in

accordance with a material.



[0225]

Next, as illustrated in FIG 11C, in a manner similar to that of Embodiment 4,

the gate insulating layer 111 is formed over the first electrode 105, the oxide

semiconductor layer 107, and the second electrode 109. As the gate insulating layer

111, an insulating layer that provides a favorable characteristic of an interface between

the gate insulating layer 111 and the oxide semiconductor layer 107 is preferable. The

gate insulating layer 111 is preferably formed by high-density plasma CVD using a

microwave (2.45 GHz), in which case the gate insulating layer 111 can be dense and can

have high withstand voltage and high quality. Other deposition methods such as a

sputtering method and a plasma CVD method can be used as long as a high-quality

insulating layer can be formed as the gate insulating layer.

[0226]

Note that before the gate insulating layer 111 is formed, reverse sputtering is

preferably performed so that resist residues and the like attached to at least a surface of

the oxide semiconductor layer 107 are removed.

[0227]

Further, before the gate insulating layer 111 is formed, hydrogen, water, a

hydroxyl group, hydride, or the like attached to an exposed surface of the oxide

semiconductor layer may be removed by plasma treatment using a gas such as N20 , N2,

or Ar. Plasma treatment may be performed using a mixture gas of oxygen and argon as

well. In the case where plasma treatment is performed, the gate insulating layer 111

which is to be in contact with part of the oxide semiconductor layer is preferably formed

without being exposed to the air.

[0228]

Further, it is preferable that the substrate 101 over which components including

the first electrode 105 to the second electrode 109 are formed be preheated in a

preheating chamber in a sputtering apparatus as pretreatment to eliminate and remove

hydrogen, water, a hydroxyl group, hydride, or the like adsorbed onto the substrate 101

so that hydrogen, water, a hydroxyl group, hydride, or the like is contained as little as

possible in the gate insulating layer 111. Alternatively, it is preferable that the

substrate 101 be preheated in a preheating chamber in a sputtering apparatus to

eliminate and remove impurities such as hydrogen, water, a hydroxyl group, hydride, or



the like adsorbed onto the substrate 101 after the gate insulating layer 111 is formed.

The temperature for the preheating is 100 °C to 400 °C inclusive, preferably 150 °C to

300 °C inclusive. Note that as an evacuation unit provided in the preheating chamber,

a cryopump is preferably used. Note also that this preheating treatment can be

omitted.

[0229]

The gate insulating layer 111 can have a structure in which a silicon oxide layer

and a silicon nitride layer are stacked in that order over the first electrode 105, the oxide

semiconductor layer 107, and the second electrode 109. For example, by a sputtering

method, a silicon oxide layer (SiO ( > 0)) with a thickness of 5 nm to 300 nm

inclusive is formed as a first gate insulating layer, and a silicon nitride layer (SiNy ( >

0)) with a thickness of 50 nm to 200 nm inclusive is formed as a second gate insulating

layer over the first gate insulating layer, so that the gate insulating layer is formed.

[0230]

Next, heat treatment (preferably at 200 °C to 400 °C inclusive, for example,

250 °C to 350 °C inclusive) may be performed in an inert gas atmosphere or an oxygen

gas atmosphere. Note that the second heat treatment may be performed after the

formation of at least one of the third electrode 113, the third electrode 115, the

insulating layer 117, the wiring 125, and the wiring 131, which is performed later.

Through this heat treatment, oxygen deficiency in the oxide semiconductor layer is

supplied with oxygen in the gate insulating layer or oxygen in the atmosphere for the

heat treatment, whereby an oxide semiconductor layer which is more i-type can be

obtained.

[0231]

Next, as illustrated in FIG 11C, in a manner similar to that of Embodiment 4,

the third electrode 113 and the third electrode 115 that serve as the gate electrode are

formed over the gate insulating layer 111.

[0232]

Through the above process, the transistor 133 having the oxide semiconductor

layer 107 whose hydrogen concentration is reduced can be formed.

[0233]



Hydrogen, water, a hydroxyl group, hydride, or the like remaining in a reaction

atmosphere is removed in forming the oxide semiconductor layer as described above,

whereby the concentration of hydrogen in the oxide semiconductor layer can be reduced.

Accordingly, the oxide semiconductor layer can be stable.

[0234]

Next, as illustrated in FIG 1ID, in a manner similar to that of Embodiment 4,

the contact hole 119, the contact hole 121, and the contact hole 123 are formed after the

insulating layer 117 is formed over the gate insulating layer 111, the third electrode 113,

and the third electrode 115.

[0235]

Next, as illustrated in FIG. HE, in a manner similar to that of Embodiment 4,

the wiring 125 and the wiring 131 are formed (not illustrated in FIG. HE).

[0236]

Note that in a manner similar to that of Embodiment 4, after the formation of

the insulating layer 117, heat treatment may be further performed at a temperature of

100 °C to 200 °C inclusive in the air for 1 hour to 30 hours inclusive. With this heat

treatment, a normally-off transistor can be obtained. Therefore, reliability of the

semiconductor device can be improved.

[0237]

Note that a planarization insulating layer for planarization may be provided

between the third electrodes 113 and 115 and the wirings 125 and 131.

[0238]

Hydrogen, water, a hydroxyl group, hydride, or the like remaining in a reaction

atmosphere is removed in forming the oxide semiconductor layer as described above,

whereby the concentration of hydrogen in the oxide semiconductor layer can be reduced

and the purity of the oxide semiconductor layer can be increased. Accordingly, the

oxide semiconductor layer can be stable. In addition, heat treatment at a temperature

of lower than or equal to the glass transition temperature makes it possible to form an

oxide semiconductor layer with a wide band gap in which the number of minority

carriers is extremely small. Thus, transistors can be manufactured using a large-area

substrate, which leads to enhancement in mass production. In addition, using the

highly purified oxide semiconductor layer whose hydrogen concentration is reduced



makes it possible to manufacture a transistor which is suitable for higher definition and

has high operation speed and in which a large amount of current can flow in an on state

and almost no current flows in an off state.

[0239]

By electrically connecting one of a source electrode and a drain electrode of

such a transistor to a gate electrode thereof, a diode in which reverse current is very

small can be obtained. Therefore, according to this embodiment, a diode which is

resistant to an avalanche breakdown (i.e., has high withstand voltage) can be

manufactured.

[0240]

This embodiment can be implemented in appropriate combination with the

structure described in any of other embodiments.

[0241]

(Embodiment 7)

The diode which is described in the above embodiment can be applied to a

semiconductor device. As the semiconductor device, for example, a display device

can be given.

[0242]

The structure of a display device which is an embodiment of the present

invention is described with reference to FIG. 13. FIG 13 is a top view of a substrate

200 over which the display device is formed. A pixel portion 201 is formed over the

substrate 200. In addition, an input terminal 202 and an input terminal 203 supply a

signal and power for displaying images to a pixel circuit formed over the substrate 200.

[0243]

Note that the display device according to an embodiment of the present

invention is not limited to that illustrated in FIG 13. That is, one of or both a scan line

driver circuit and a signal line driver circuit may be formed over the substrate 200.

[0244]

The input terminal 202 on the scan line side and the input terminal 203 on the

signal line side which are formed over the substrate 200 are connected to the pixel

portion 201 by wirings extended vertically and horizontally. The wirings are

connected to protection circuits 204 to 207.



[0245]

The pixel portion 201 and the input terminal 202 are connected by a wiring 209.

The protection circuit 204 is placed between the pixel portion 201 and the input

terminal 202 and is connected to the wiring 209. When the protection circuit 204 is

provided, various semiconductor elements such as transistors, which are included in the

pixel portion 201, can be protected and deterioration or damage thereof can be

prevented. Note that although the wiring 209 corresponds to one wiring in the drawing,

all of a plurality of wirings provided in parallel with the wiring 209 have connection

relations which are similar to that of the wiring 209. Note that the wiring 209 serves

as a scan line.

[0246]

Note that on the scan line side, not only the protection circuit 204 between the

input terminal 202 and the pixel portion 201 but also a protection circuit on the side of

the pixel portion 201 which is opposite to the input terminal 202 may be provided (see

the protection circuit 205 in FIG 13).

[0247]

Meanwhile, the pixel portion 201 and the input terminal 203 are connected by a

wiring 208. The protection circuit 206 is placed between the pixel portion 201 and the

input terminal 203 and is connected to the wiring 208. When the protection circuit 206

is provided, various semiconductor elements such as transistors, which are included in

the pixel portion 201, can be protected and deterioration or damage thereof can be

prevented. Note that although the wiring 208 corresponds to one wiring in the drawing,

all of a plurality of wirings provided in parallel with the wiring 208 have connection

relations which are similar to that of the wiring 208. Note that the wiring 208 serves

as a signal line.

[0248]

Note that on the signal line side, not only the protection circuit 206 between the

input terminal 203 and the pixel portion 201 but also a protection circuit on the side of

the pixel portion 201 which is opposite to the input terminal 203 may be provided (see

the protection circuit 207 in FIG 13).

[0249]

Note that all the protection circuits 204 to 207 are not necessarily provided.



However, it is necessary to provide at least the protection circuit 204. This is because

when excessive current is generated in the scan line, gate insulating layers of the

transistors included in the pixel portion 201 are broken and a number of point defects

can be generated.

[0250]

In addition, when not only the protection circuit 204 but also the protection

circuit 206 is provided, generation of excessive current in the signal line can be

prevented. Therefore, as compared with the case where only the protection circuit 204

is provided, reliability is improved and yield is improved. When the protection circuit

206 is provided, breakdown due to static electricity which can be generated in a rubbing

process or the like after forming the transistors can be prevented.

[0251]

Further, when the protection circuit 205 and the protection circuit 207 are

provided, reliability can be further improved. Moreover, yield can be improved. The

protection circuit 205 and the protection circuit 207 are provided opposite to the input

terminal 202 and the input terminal 203, respectively. Therefore, the protection circuit

205 and the protection circuit 207 can prevent deterioration and breakdown of various

semiconductor elements, which are caused in a manufacturing step of the display device

(e.g., a rubbing process in manufacturing a liquid crystal display device).

[0252]

Note that in FIG 13, a signal line driver circuit and a scan line driver circuit

which are formed separately from the substrate 200 are mounted on the substrate 200 by

a known method such as a COG method or a TAB method. However, the present

invention is not limited thereto. The scan line driver circuit and the pixel portion may

be formed over the substrate 200, and the signal line driver circuit which is formed

separately may be mounted. Alternatively, part of the scan line driver circuit or part of

the signal line driver circuit, and the pixel portion 201 may be formed over the substrate

200, and the other part of the scan line driver circuit or the other part of the signal line

driver circuit may be mounted. When part of the scan line driver circuit is provided

between the pixel portion 201 and the input terminal 202 on the scan line side, a

protection circuit may be provided between the input terminal 202 on the scan line side

and part of the scan line driver circuit over the substrate 200; a protection circuit may be



provided between part of the scan line driver circuit and the pixel portion 201; or

protection circuits may be provided between the input terminal 202 on the scan line side

and part of the scan line driver circuit over the substrate 200 and between part of the

scan line driver circuit and the pixel portion 201. Alternatively, when part of the signal

line driver circuit is provided between the pixel portion 201 and the input terminal 203

on the signal line side, a protection circuit may be provided between the input terminal

203 on the signal line side and part of the signal line driver circuit over the substrate

200; a protection circuit may be provided between part of the signal line driver circuit

and the pixel portion 201; or protection circuits may be provided between the input

terminal 203 on the signal line side and part of the signal line driver circuit over the

substrate 200 and between part of the signal line driver circuit and the pixel portion 201.

That is, since various modes are used for driver circuits, the number and the positions of

protection circuits are determined in accordance with modes of the driver circuits.

[0253]

Next, examples of a specific circuit structure of a protection circuit which is

used as the protection circuits 204 to 207 in FIG 13 are described with reference to

FIGS. 14A to 14F. Only the case where an n-channel transistor is provided is

described below.

[0254]

A protection circuit illustrated in FIG. 14A includes protection diodes 211 to

214 each including a plurality of transistors. The protection diode 211 includes an

n-channel transistor 211a and an n-channel transistor 211b which include oxide

semiconductors (OS) and are connected in series. One of a source electrode and a

drain electrode of the n-channel transistor 211a is connected to a gate electrode of the

n-channel transistor 211a and a gate electrode of the n-channel transistor 211b and is

kept at a potential V^. The other of the source electrode and the drain electrode of the

n-channel transistor 211a is connected to one of a source electrode and a drain electrode

of the n-channel transistor 211b. The other of the source electrode and the drain

electrode of the n-channel transistor 211b is connected to the protection diode 212.

Further, in a manner similar to that of the protection diode 211, the protection diodes

212 to 214 each include a plurality of transistors connected in series, and one end of the

plurality of transistors connected in series is connected to gate electrodes of the plurality



of transistors.

[0255]

Note that the number and the polarity of the transistors included in the

protection diodes 211 to 214 are not limited to those illustrated in FIG 14A. For

example, the protection diode 211 may be formed using three transistors connected in

series.

[0256]

The protection diodes 211 to 214 are sequentially connected in series, and a

wiring 215 is connected between the protection diode 212 and the protection diode 213.

Note that the wiring 215 is a wiring electrically connected to a semiconductor element

which is to be protected. Note that a wiring connected to the wiring 215 is not limited

to a wiring between the protection diode 212 and the protection diode 213. That is, the

wiring 215 may be connected between the protection diode 211 and the protection diode

212, or may be connected between the protection diode 213 and the protection diode

214.

[0257]

One end of the protection diode 214 is kept at a power supply potential Vdd-

In addition, each of the protection diodes 211 to 214 is connected so that reverse bias

voltage is applied to each of the protection diodes 211 to 214.

[0258]

A protection circuit illustrated in FIG 14B includes a protection diode 220, a

protection diode 221, a capacitor 222, a capacitor 223, and a resistor 224. The resistor

224 is a resistor having two terminals. A potential n is supplied to one of the

terminals of the resistor 224 from a wiring 225. A potential is supplied to the other

of the terminals of the resistor 224. The resistor 224 is provided in order to make the

potential of the wiring 225 when the potential V is not supplied, and the resistance

value of the resistor 224 is set so as to be sufficiently higher than the wiring resistance

of the wiring 225. Diode-connected n-channel transistors are used for the protection

diode 220 and the protection diode 221.

[0259]

Note that the protection diodes illustrated in FIGS. 14A to 14F may be

configured with two or more transistors connected in series.



[0260]

Here, the case where the protection circuits illustrated in FIGS. 14A to 14F are

operated is described. At this time, in each of the protection diodes 211, 212, 221, 230,

231, 234, and 235, one of a source electrode and a drain electrode which is kept at the

potential ss is a drain electrode, and the other is a source electrode. In each of the

protection diodes 213, 214, 220, 232, 233, 236, and 237, one of a source electrode and a

drain electrode which is kept at the potential dd is a source electrode, and the other is a

drain electrode. In addition, the threshold voltage of the transistors included in the

protection diodes is denoted by tn .

[0261]

Further, as for the protection diodes 211, 212, 221, 230, 231, 234, and 235,

when the potential V is higher than the potential V , reverse bias voltage is applied

thereto and current does not easily flow therethrough. Meanwhile, as for the

protection diodes 213, 214, 220, 232, 233, 236, and 237, when the potential is lower

than the potential V d, reverse bias voltage is applied thereto and current does not easily

flow therethrough.

[0262]

Here, operations of the protection circuits in which a potential Vo i is set

substantially between the potential and the potential V d are described.

[0263]

First, the case where the potential Vm is higher than the potential Vdd s

described. When the potential Vm is higher than the potential Vdd, the n-channel

transistors are turned on when a potential difference between the gate electrodes and the

source electrodes of the protection diodes 213, 214, 220, 232, 233, 236, and 237 is V =

in - dd > th. Here, since the case where jn is unusually high is assumed, the

n-channel transistors are turned on. At this time, the n-channel transistors included in

the protection diodes 211, 212, 221, 230, 231, 234, and 235 are turned off. Then, the

potentials of the wirings 215, 225, 239A, and 239B become Vd through the protection

diodes 213, 214, 220, 232, 233, 236, and 237. Therefore, even when the potential Vi„

is unusually higher than the potential V due to noise or the like, the potentials of the

wirings 215, 225, 239A, and 239B do not become higher than the potential Vdd.



[0264]

On the other hand, when the potential Vi„ is lower than the potential the

n-channel transistors are turned on when a potential difference between the gate

electrodes and the source electrodes of the protection diodes 211, 212, 221, 230, 231,

234, and 235 is V = V s - V > V^. Here, since the case where V is unusually low is

assumed, the n-channel transistors are turned on. At this time, the n-channel

transistors included in the protection diodes 213, 214, 220, 232, 233, 236, and 237 are

turned off. Then, the potentials of the wirings 215, 225, 239A, and 239B become V

through the protection diodes 211, 212, 221, 230, 231, 234, and 235. Therefore, even

when the potential V
i

is unusually lower than the potential due to noise or the like,

the potentials of the wirings 215, 225, 239A, and 239B do not become lower than the

potential V . Further, the capacitor 222 and the capacitor 223 reduce pulsed noise of

the input potential Vm and relieve a steep change in potential due to noise.

[0265]

Note that when the potential Vm is between V - V and V +V all the

n-channel transistors included in the protection diodes are turned off, and the potential

in is input to the potential out.

[0266]

When the protection circuits are provided as described above, the potentials of

the wirings 215, 225, 239A, and 239B are each kept substantially between the potential

and the potential V^. Therefore, the potentials of the wirings 215, 225, 239A, and

239B can be prevented from deviating from this range greatly. That is, the potentials

of the wirings 215, 225, 239A, and 239B can be prevented from being unusually high or

being unusually low, a circuit in the subsequent stage of the protection circuits can be

prevented from being damaged or deteriorating, and the circuit in the subsequent stage

can be protected.

[0267]

Further, as illustrated in FIG 14B, when the protection circuit including the

resistor 224 is provided for an input terminal, potentials of all the wirings supplied with

a signal can be kept constant (here the potential Vs ) when a signal is not input. That is,

when a signal is not input, the protection circuit also has a function of a short-circuit



ring capable of short-circuiting the wirings. Therefore, electrostatic discharge damage

caused by a potential difference between the wirings can be prevented. In addition,

since the resistance of the resistor 224 is sufficiently higher than wiring resistance, a

signal input to the wiring can be prevented from dropping to the potential at the time

of inputting the signal.

[0268]

Here, as an example, the case is described in which n-channel transistors

having the threshold voltage t = 0 are used for the protection diode 220 and the

protection diode 221 in FIG. 14B.

[0269]

First, in the case of V > V d, the n-channel transistor included in the protection

diode 220 is turned on because Vg = V -Vdd > 0. In addition, the n-channel transistor

included in the protection diode 221 is turned off. Therefore, the potential of the

wiring 225 becomes V d, so that V = V -

[0270]

On the other hand, in the case of V in < ss, the n-channel transistor included in

the protection diode 220 is turned off. The n-channel transistor included in the

protection diode 221 is turned on because Vg = ss - V > 0. Therefore, the potential

of the wiring 225 becomes ss, so that Vo = V .

[0271]

Even in the case of V < or Vdd < ^in this manner, operations can be

performed in a range of ss < < V d- Therefore, even in the case where Vm is too

high or too low, Vo can be prevented from being too high or too low. Accordingly, for

example, even when the potential η is lower than the potential V due to noise or the

like, the potential of the wiring 225 does not become extremely lower than the potential

V . Further, the capacitor 222 and the capacitor 223 reduce pulsed noise of the input

potential V m and relieve a steep change in potential.

[0272]

When the protection circuit is provided as described above, the potential of the

wiring 225 is kept substantially between the potential ss and the potential V .

Therefore, the potential of the wiring 225 can be prevented from deviating from this



range greatly, and a circuit in the subsequent stage of the protection circuit (a circuit, an

input portion of which is electrically connected to Vo ) can be protected from being

broken or deteriorating. Further, when a protection circuit is provided for an input

terminal, potentials of all the wirings to which a signal is input can be kept constant

(here the potential ss) when a signal is not input. That is, when a signal is not input,

the protection circuit also has a function of a short-circuit ring capable of

short-circuiting the wirings. Therefore, electrostatic discharge damage caused by a

potential difference between the wirings can be prevented. In addition, since the

resistance value of the resistor 224 is sufficiently high, decrease in potential of a signal

input to the wiring 225 can be prevented at the time of inputting the signal.

[0273]

The protection circuit illustrated in FIG 14C is a protection circuit in which

two n-channel transistors are used for each of the protection diode 220 and the

protection diode 221.

[0274]

Note that although diode-connected n-channel transistors are used for the

protection diodes in the protection circuits illustrated in FIGS. 14B and 14C, the present

invention is not limited to this structure.

[0275]

The protection circuit illustrated in FIG 14D includes protection diodes 230 to

237 and a resistor 238. The resistor 238 is connected between the wiring 239A and the

wiring 239B in series. A diode-connected n-channel transistor is used for each of the

protection diodes 230 to 233. In addition, a diode-connected n-channel transistor is

used for each of the protection diodes 234 to 237.

[0276]

The protection diode 230 and the protection diode 231 are connected in series,

one end thereof is kept at the potential ss, and the other end thereof is connected to the

wiring 239A of the potential V . The protection diode 232 and the protection diode

233 are connected in series, one end thereof is kept at the potential V , and the other

end thereof is connected to the wiring 239A of the potential V n. The protection diode

234 and the protection diode 235 are connected in series, one end thereof is kept at the

potential V , and the other end thereof is connected to the wiring 239B of the potential



Vo . The protection diode 236 and the protection diode 237 are connected in series,

one end thereof is kept at the potential V d, and the other end thereof is connected to the

wiring 239B of the potential Voa .

[0277]

The protection circuit illustrated in FIG 14E includes a resistor 240, a resistor

241, and a protection diode 242. Although a diode-connected n-channel transistor is

used for the protection diode 242 in FIG. 14E, the present invention is not limited to this

structure. A plurality of diode-connected transistors may be used. The resistor 240,

the resistor 241, and the protection diode 242 are connected to a wiring 243 in series.

[0278]

The resistor 240 and the resistor 241 can relieve a steep change in the potential

of the wiring 243 and can prevent deterioration or breakdown of a semiconductor

element. Further, the protection diode 242 can prevent reverse bias current from

flowing through the wiring 243 due to the change in potential.

[0279]

Note that the structure of the protection circuit illustrated in FIG 14A can be

replaced with the structure illustrated in FIG 14F. FIG 14F illustrates a structure in

which the protection diode 211 and the protection diode 212 in FIG 14A are replaced

with the protection diode 216, and the protection diode 213 and the protection diode 214

are replaced with the protection diode 217. In particular, since the diode which is

described in the above embodiment has high withstand voltage, the structure as

illustrated in FIG 14F can be used.

[0280]

Note that when only the resistors are connected to the wiring in series, a steep

change in the potential of the wiring can be relieved, and deterioration or breakdown of

a semiconductor element can be prevented. Further, when only the protection diodes

are connected to the wiring in series, a reverse current can be prevented from flowing

through the wiring due to a change in potential.

[0281]

Note that the protection circuit provided in a display device according to an

embodiment of the present invention is not limited to the structures illustrated in FIGS.

14Ato 14F, and design of the protection circuit can be changed as appropriate as long as



the protection circuit has a circuit structure having a similar function.

[0282]

(Embodiment 8)

In this embodiment, an example of a structure of a semiconductor device which

includes the diode described in the above embodiment and can supply electric power

stably will be described with reference to FIGS. 15A and 15B. When a voltage that is

higher than an expected voltage is applied to a power supply line, a circuit connected to

the power supply line could be damaged. Although the example of the structure for

mainly protecting a signal line from an excessive voltage that is higher than an expected

voltage is described in the above embodiment, FIGS. 15A and 15B illustrate an example

of a structure for preventing application of an excessive voltage that is higher than an

expected voltage to a power supply line.

[0283]

FIG. 15A is a circuit diagram illustrating a state in which a protection diode 2 1

to a protection diode 255 and a protection diode 261 each using an n-channel transistor

including an oxide semiconductor (OS) are connected between a power supply line 270

which supplies a potential V s and a power supply line 271 which supplies a potential

Vdd- addition, in FIG. 15B, the structure of the protection diode with the use of the

transistor which is illustrated in FIG 15A is indicated by a circuit symbol of a diode.

[0284]

As an example, the case where the potential V s is set to 0 V, the potential Vdd is

set to 10 V, and a potential difference between the power supply line 270 and the power

supply line 271 does not exceed 10 V is described. In this embodiment, as the

protection diode, an n-channel transistor whose threshold voltage ( th) is 2 V is used.

[0285]

In FIGS. 15A and 15B, the anode side of the protection diode 251 is connected

to the power supply line 271 which supplies the potential V d- The protection diode

251 is formed using an n-channel transistor including an oxide semiconductor (OS).

One of a source electrode and a drain electrode of the n-channel transistor is connected

to the power supply line 271 and a gate electrode of the n-channel transistor and serves

as an anode. The other of the source electrode and the drain electrode serves as a

cathode and is connected to an anode of the protection diode 252.



[0286]

The protection diode 252 is formed using an n-channel transistor including an

oxide semiconductor (OS). One of a source electrode and a drain electrode of the

n-channel transistor is connected to the cathode of the protection diode 251 and a gate

electrode of the n-channel transistor and serves as an anode. The other of the source

electrode and the drain electrode serves as a cathode and is connected to an anode of the

protection diode 253.

[0287]

In this manner, the protection diode 251 to the protection diode 255 are

connected in series, and a cathode of the protection diode 255 is connected to the power

supply line 270 which supplies the potential Vss . That is, five protection diodes are

connected in series in a forward bias direction between the power supply line 270 and

the power supply line 271.

[0288]

In general, when voltage is applied in a forward bias direction, forward current

flows through a diode and a conduction state is made between an anode and a cathode.

In this embodiment, five diodes each formed using an n-channel transistor whose

threshold voltage ( h) is 2 V are connected in series; therefore, unless forward bias

exceeds 10 V which is five times 2 V, a conduction state is not made between the power

supply line 270 and the power supply line 271. However, when a potential difference

between the power supply line 270 and the power supply line 271 exceeds 10 V due to

noise or the like, the protection diode 251 to the protection diode 255 are placed in a

conduction state, and the power supply line 270 and the power supply line 271 are

short-circuited until the potential difference drops to 10 V or lower. In such a manner,

a voltage that is higher than an expected voltage is applied to a circuit through the

power supply lines, which can prevent damage of the circuit.

[0289]

In addition, by connecting the protection diode 261 between the power supply

line 270 and the power supply line 271 such that reverse bias is applied to the protection

diode 261, when the potential of the power supply line 270 is higher than that of the

power supply line 271 due to noise or the like, electric charge can be released by

short-circuiting the power supply line 270 and the power supply line 271, whereby a



circuit connected to the power supply lines can be prevented from being damaged.

[0290]

The protection diode 261 is formed using a transistor including an oxide

semiconductor (OS) and is a diode which is resistant to a breakdown and has high

withstand voltage even when large reverse bias is applied. In this embodiment, an

example is described in which one protection diode 261 is provided between the power

supply line 270 and the power supply line 271. However, a plurality of the protection

diodes 261 may be provided in series. By providing n protection diodes 261 in series,

voltage applied to one protection diode can be one «-th, so that the plurality of diodes

provided in series can serves as one diode which has a more excellent resistance.

[0291]

In addition, a plurality of sets of the protection diode 251 to the protection

diode 255 connected in series and the protection diode 261 may be provided between

the power supply line 270 and the power supply line 271 in parallel. By providing a

plurality of the above sets in parallel, a larger amount of current can flow, so that the

potential between the power supply line 270 and the power supply line 271 can be

stabilized more rapidly.

[0292]

When a terminal 281 is provided between the protection diode 254 and the

protection diode 255, a voltage corresponding to the threshold voltage ( t ) of the

protection diode 255 can be taken out. In this embodiment, since the threshold voltage

( t ) of the protection diode 255 is set to 2 V, the terminal 281 can be used as a power

supply line of 2 V. Further, by providing the terminal 281 between the protection

diode 253 and the protection diode 252, the terminal 281 can be used as a power supply

line of 6 V. Adjusting the threshold voltage (V ) of the protection diode 255 and the

number of protection diodes connected in series enables a predetermined potential to be

taken out.

[0293]

(Embodiment 9)

The display device including the protection circuit described in Embodiment 7

can be applied to an electronic device.

[0294]



As examples of the electronic device in which the display device of

Embodiment 7 is applied to a display portion, the following can be given: cameras such

as video cameras and digital cameras, goggle type displays, navigation systems, audio

replay devices (e.g., car audio systems and audio systems), computers, game machines,

portable information terminals (e.g., mobile computers, mobile phones, portable game

machines, and electronic book readers), image replay devices in which a recording

medium is provided (specifically, devices that are capable of replaying recording media

such as digital versatile discs (DVDs) and equipped with a display that can display an

image), and the like.

[0295]

A display illustrated in FIG. 16A includes a housing 300, a support 301, and a

display portion 302, and has a function of displaying a variety of input information (e.g.,

still images, moving images, and text images) on the display portion 302. Note that

the function of the display illustrated in FIG 16A is not limited to this, and for example,

the display can be provided with a speaker, or the display may be a touch panel through

which information can be not only displayed but input.

[0296]

In a television set illustrated in FIG 16B, a display portion 312 is incorporated

in a housing 311. The display portion 312 can display images. Here, the structure in

which the rear side of the housing is supported by fixing to a wall 310 is illustrated.

[0297]

The television set illustrated in FIG. 16B can be operated with an operation

switch of the housing 311 or a remote controller 315. Channels and volume can be

controlled by an operation key 314 of the remote controller 315 so that an image

displayed on the display portion 312 can be controlled. Further, the remote controller

315 may be provided with a display portion 313 for displaying data output from the

remote controller 315.

[0298]

Note that the television set illustrated in FIG. 16B may be provided with a

receiver, a modem, and the like. With the use of the receiver, general television

broadcasting can be received. Moreover, when the display device is connected to a

communication network with or without wires via the modem, one-way (from a sender



to a receiver) or two-way (between a sender and a receiver or between receivers)

information communication can be performed.

[0299]

A computer illustrated in FIG. 16C includes a main body 320, a housing 321, a

display portion 322, a keyboard 323, an external connection port 324, and a pointing

device 325, and has a function of displaying a variety of information (e.g., still images,

moving images, and text images) on the display portion 322. Note that the function of

the computer illustrated in FIG. 16C is not limited to this, and for example, may have a

function of a touch panel capable of inputting information as well as displaying

information.

[0300]

As described in this embodiment, a diode which is an embodiment of the

present invention can be applied to the electronic device.

This application is based on Japanese Patent Application serial no.

2009-270800 filed with Japan Patent Office on November 27, 2009, the entire contents

of which are hereby incorporated by reference.



CLAIMS

1. A non-linear element comprising:

a source electrode;

an oxide semiconductor layer adjacent to the source electrode;

a drain electrode adjacent to the oxide semiconductor layer, wherein the oxide

semiconductor layer is interposed between the source electrode and the drain electrode

so that a current flows through the oxide semiconductor layer in a thickness direction

thereof;

a gate insulating layer over the source electrode, the oxide semiconductor layer,

and the drain electrode; and

a plurality of gate electrodes adjacent to the oxide semiconductor layer with the

gate insulating layer interposed therebetween, the plurality of gate electrodes being in

contact with the gate insulating layer,

wherein the plurality of gate electrodes are electrically connected to the drain

electrode; and

wherein an area of contact between the source electrode and the oxide

semiconductor layer is different from an area of contact between the drain electrode and

the oxide semiconductor layer.

2. The non-linear element according to claim 1, wherein the area of contact

between the drain electrode and the oxide semiconductor layer is larger than the area of

contact between the source electrode and the oxide semiconductor layer.

3. The non-linear element according to claim 1, wherein the area of contact

between the drain electrode and the oxide semiconductor layer is less than the area of

contact between the source electrode and the oxide semiconductor layer.

4. The non-linear element according to claim 1,

12wherein carrier density of the oxide semiconductor layer is lower than 1 x 10

/cm3.



5. The non-linear element according to claim 1,

wherein at least a portion of the gate insulating layer which is contact with the

oxide semiconductor layer comprises an oxide insulating layer.

6. The non-linear element according to claim 1, further comprising a nitride

insulating layer on and in contact with the gate insulating layer.

7. A display device comprising a protection circuit including the non-linear

element according to claim 1.

8. An electronic device comprising the display device according to claim 7.

9. A non-linear element comprising:

a first electrode;

an oxide semiconductor layer on and in contact with the first electrode;

a second electrode on and in contact with the oxide semiconductor layer;

a gate insulating layer over the first electrode, the oxide semiconductor layer,

and the second electrode; and

a plurality of third electrodes adjacent to the oxide semiconductor layer with

the gate insulating layer interposed therebetween, the plurality of third electrodes being

in contact with the gate insulating layer,

wherein the plurality of third electrodes are electrically connected to one of the

first electrode and the second electrode;

wherein one of the first electrode and the second electrode, which is electrically

connected to the plurality of third electrodes, has a work function 0md, the other of the

first electrode and the second electrode, which is not electrically connected to the

plurality of third electrodes, has a work function 0ms, and the oxide semiconductor

layer has an electron affinity χ ,

wherein the work function 0md, the work function 0ms and the electron

affinity χ satisfy 0ms ≤ χ < 0md, and

wherein a first area of contact between the oxide semiconductor layer and the



one of the first electrode and the second electrode is different from a second area of

contact between the oxide semiconductor layer and the other of the first electrode and

the second electrode.

10. The non-linear element according to claim 9,

wherein the first area is larger than the second area.

11. The non-linear element according to claim 9,

wherein the first area is less than the second area.

12. The non-linear element according to claim 9,

wherein carrier density of the oxide semiconductor layer is lower than 1 x 1012

/cm3.

13. The non-linear element according to claim 9,

wherein at least a portion of the gate insulating layer which is contact with the

oxide semiconductor layer comprises an oxide insulating layer.

14. The non-linear element according to claim 9, further comprising a nitride

insulating layer on and in contact with the gate insulating layer.

15. The non-linear element according to claim 9,

wherein the one of the first electrode and the second electrode, which has the

work function d, comprises an element selected from the group consisting of

tungsten, molybdenum, chromium, iron, gold, platinum, copper, cobalt, nickel,

beryllium, and indium tin oxide.

16. The non-linear element according to claim 9,

wherein the other of the first electrode and the second electrode, which has the

work function 0ms, comprises an element selected from the group consisting of titanium,

yttrium, aluminum, zirconium, magnesium, silver, manganese, and tantalum.



17. The non-linear element according to claim 9,

wherein a material of the first electrode is different from a material of the

second electrode.

18. A display device comprising a protection circuit including the non-linear

element according to claim 9.

19. An electronic device comprising the display device according to claim 18.

20. The non-linear element according to claim 9,

wherein the first electrode is formed over a substrate;

wherein the plurality of third electrodes are electrically connected to the first

electrode,

wherein the first electrode has the work function 0md,

wherein the second electrode has the work function 0ms, and

wherein an area of contact between the first electrode and the oxide

semiconductor layer is larger than an area of contact between the second electrode and

the oxide semiconductor layer.

21. The non-linear element according to claim 9,

wherein the oxide semiconductor layer comprises hydrogen at a concentration

of 5 x 1019 /cm3 or less.

22. The non-linear element according to claim 21, wherein the concentration of

hydrogen in the oxide semiconductor layer is detected by secondary ion mass

spectrometry.

23. A non-linear element comprising:

a first electrode;

an oxide semiconductor layer on and in contact with the first electrode;



a second electrode on and in contact with the oxide semiconductor layer;

a gate insulating layer over the first electrode, the oxide semiconductor layer,

and the second electrode; and

a third electrode adjacent to the oxide semiconductor layer with the gate

insulating layer interposed therebetween, the third electrode being in contact with the

gate insulating layer,

wherein the third electrode is connected to one of the first electrode and the

second electrode; and

wherein a first area of contact between the oxide semiconductor layer and the

one of the first electrode and the second electrode is different from a second area of

contact between the oxide semiconductor layer and the other of the first electrode and

the second electrode.

24. The non-linear element according to claim 23,

wherein the first area is larger than the second area.

25. The non-linear element according to claim 23,

wherein the first area is less than the second area.

26. The non-linear element according to claim 23,
12wherein carrier density of the oxide semiconductor layer is lower than 1 x 10

/cm3.

27. The non-linear element according to claim 23,

wherein at least a portion of the gate insulating layer which is contact with the

oxide semiconductor layer comprises an oxide insulating layer.

28. The non-linear element according to claim 23, further comprising a nitride

insulating layer on and in contact with the gate insulating layer.

29. The non-linear element according to claim 23,



wherein the one of the first electrode and the second electrode, which has a

work function (paid, comprises an element selected from the group consisting of

tungsten, molybdenum, chromium, iron, gold, platinum, copper, cobalt, nickel,

beryllium, and indium tin oxide.

30. The non-linear element according to claim 23,

wherein the other of the first electrode and the second electrode, which has a

work function 0ms, comprises an element selected from the group consisting of titanium,

yttrium, aluminum, zirconium, magnesium, silver, manganese, and tantalum.

31. The non-linear element according to claim 23,

wherein a material of the first electrode is different from a material of the

second electrode.

32. A display device comprising a protection circuit including the non-linear

element according to claim 23.

33. An electronic device comprising the display device according to claim 32.
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