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DESC R IPTION

DISPLAY DEVICE

TECHN ICA L FIELD

[000 1]

The present invention relates to a d isplay device, a sem iconductor device, and

manufacturing methods thereof.

[0002]

Note that in this specification, a semiconductor device refers to any dev ice that

can function by uti lizing semiconductor characteristics, and an electro-optical device, a

semiconductor circuit, an electronic device, and the like are a ll sem iconductor devices.

BACKGROUND ART

[0003]

A techn ique by which a transistor is formed using a sem iconductor fi lm formed

over a substrate having an insulating surface has been attracting attention . The

transistor is appl ied to a wide range of sem iconductor devices such as an integrated

circuit and a display device. A silicon film is widely known as a semiconductor film

applicable to the transistor.

[0004]

Whether an amorphous silicon film or a polycrystalline s ilicon film is used as a

sem iconductor film of a transistor depends on the purpose. For example, for a

transistor in a large-sized display device, an amorphous sil icon film is preferably used

because a technique for forming a film on a large-sized substrate has been established.

On the other hand, for a transistor included in a high-performance display device where

driver circuits are formed over the same substrate as a display region, a polycrystalline

s ilicon film which can form a transistor having a high field-effect mobility is preferably

used. As a method for forming a polycrystal line silicon fi m, high-temperature heat

treatment or a laser process which is performed on an amorphous s ilicon fi lm has been

known.

[0005]



Further, in recent years, an oxide sem iconductor layer has been attracting

attention. For example, a transistor wh ich includes an oxide semiconductor layer

containing indium, gal lium, and zinc and having a carrier density less than 10 /cm J is

disc losed (see Patent Document 1) .

[0006]

An oxide semiconductor layer can be formed by a sputtering method, and thus

can be used for a transistor in a large-sized display device. Moreover, a transistor

includ ing an oxide semiconductor layer has a high field-effect mobil ity; therefore, a

high-performance display device where driver circu its are formed over the same

substrate can be obtained. In addition, there is an advantage that capital investment

can be reduced because part of production equipment for a transistor including an

amorphous sil icon film can be retrofitted and utilized.

[0007]

It is known that a transistor including an oxide sem iconductor layer has an

extremely small leakage current when the transistor is off. For example, a CPU with

ow power consumption uti lizing smal l leakage current wh ich is characteristic of the

transistor including an oxide sem iconductor layer is disclosed (see Patent Document 2).

[Reference]

[Patent Documents]

[0008]

[Patent Document 1] Japanese Published Patent Appl ication No. 2006- 165528

[Patent Document 2] United States Patent Appl ication Publication No. 20 12/0032730

DISCLOSURE OF INVENTION

[0009]

As application of a transistor including an oxide sem iconductor layer becomes

widespread, reliability has been requested from various aspects. Thus, it is an object

of one embodiment of the present invention to obtain a transistor including an oxide

sem iconductor layer, wh ich has stable electrical characteristics. It is another object

thereof to provide a highly rel iable display device including the transistor.

[00 10]

According to one embod iment of the present invention, a display device



includes a multi-layer film including an oxide layer and an oxide sem iconductor layer; a

gate insu lating fi lm in contact with the multi-layer film; and a gate electrode

overlapping with the multi-layer film with the gate insulating f ilm provided

therebetween. The oxide sem iconductor layer contains ind ium. The oxide

sem iconductor layer is in contact with the oxide layer. The oxide layer contains

indium and has a larger energy gap than the oxide sem iconductor layer.

[00 11]

Note that typical examples of the oxide sem iconductor layer or the oxide layer

containing ind ium include an In-Ga oxide, an In-Zn oxide, and an In- -Zn oxide ( is

Al, Ti, Ga, Y, Zr, Sn, La, Ce, Nd, or Hf).

[00 12]

Accord ing to another embodiment of the present invention, a sem iconductor

device incl udes a mu lti-layer film includ ing an oxide layer an an oxide semiconductor

layer; a gate insu lating film in contact with the mu lti-layer f ilm; and a gate electrode

overlapping with the multi-layer fi lm with the gate insulating fi lm provided

therebetween . The oxide semiconductor layer contains indium. The oxide

sem iconductor layer is in contact with the oxide layer. The oxide layer contains

indium. An energy at a bottom of a conduction band of the oxide layer is closer to a

vacuum level than an energy at a bottom of a conduction band of the oxide

sem iconductor layer. Note that an energy gap between a vacuum level and a bottom of

a conduction band is referred to as an electron affin ity.

[00 13]

Accord ing to another embodiment of the present invention, a display device

includes a multi-layer film including a first oxide layer, a second oxide layer, and an

oxide sem iconductor layer; a gate insulating film in contact with the multi-layer film;

and a gate electrode overlapping with the multi-layer film with the gate insulating film

provided therebetween. The oxide sem iconductor layer contains indium. The oxide

sem iconductor layer is in contact with the first oxide layer. The first oxide layer

contains ind ium and has a larger energy gap than the oxide semiconductor layer. The

oxide sem iconductor layer is in contact with the second oxide layer facing the first

oxide layer. The second oxide layer contains ind ium and has a larger energy gap than

the oxide sem iconductor layer.



[00 4]

According to another embod iment of the present invention, a display device

incl udes a multi-layer f ilm including a first oxide layer a second oxide layer, and an

oxide sem iconductor layer; a gate insu lating film in contact with the multi-layer film ;

and a gate electrode overlapping with the multi-layer fi lm with the gate insulating film

provided therebetween. The oxide semiconductor layer contains indium . The oxide

sem iconductor layer is in contact with the first oxide layer. The first oxide layer

contains indium. An energy at a bottom of a conduction band of the first oxide layer is

closer to a vacuum level than an energy at a bottom of a conduction band of the oxide

sem iconductor layer. The oxide semiconductor layer is in contact with the second

oxide layer facing the first oxide layer. The second oxide layer contains ind ium. An

energy at a bottom of a conduction band of the second oxide layer is closer to the

vacuum level than the energy at the bottom of the conduction band of the oxide

sem iconductor layer.

[00 15]

It is effective to reduce the concentration of impurities in the oxide

sem iconductor layer in order that a transistor in which a channel is formed in the oxide

sem iconductor layer has stable electrical characteristics. For example, silicon forms an

impurity level in the oxide sem iconductor layer. In some cases, the impurity level

becomes a trap, which degrades electrical characteristics of a transistor. Specifically,

the concentration of s ilicon in the oxide sem iconductor layer is set to be lower than 1 χ

lO 9 atoms/cm 3, preferably lower than 5 x 10 18 atoms/cm , more preferably lower than 1

x 0 atoms/cm 3. Note that as the gate insulating film of the transistor, an insulating

f lm containing silicon such as a silicon oxide film, a s ilicon oxynitride film, a silicon

nitride film, or a sil icon nitride oxide film is used in many cases; therefore, it is

preferable that the oxide semiconductor layer be not in contact with the gate insulating

film.

[00 16]

In the case where a channel is formed at the interface between a gate insulating

film and an oxide sem iconductor layer, interface scattering occurs at the interface,

whereby the field-effect mobility of a transistor is reduced. In view of the above, it is



preferable that the oxide sem iconductor layer be not in contact with the gate insu lating

fi lm and a channel be separate from the gate insu lating film .

[00 7]

Thus, when the channel of the transistor is separate from the gate insulating

film, the transistor can have stable electrical characteristics and a high field-effect

mobi lity. With the use of the transistor as a switch ing element of a display dev ice, a

high ly rel iable display device can be obtained because the transistor has stable electrical

characteristics.

[00 8]

n order to form the channel of the transistor separately from the gate insulating

fil m, the multi-layer fi lm including the oxide sem iconductor layer may have the

fol lowing structure, for example.

[00 9]

The multi-layer f ilm includ ing the oxide sem iconductor layer includes at least

the oxide sem iconductor layer (for conven ience, referred to as a second oxide layer) and

the first oxide layer (also referred to as a barrier layer) between the second oxide layer

and the gate insulating film. The first oxide layer contains one or more kinds of metal

elements contained in the second oxide layer. The energy at the bottom of the

conduction band of the first oxide layer is located closer to the vacuum level than that of

the second oxide layer by 0.05 eV or more, 0.07 eV or more, 0. 1eV or more, or 0 . 5 eV

or more and 2 eV or less, 1 eV or less, 0.5 eV or less, or 0.4 eV or less. Note that the

second oxide layer preferably contains at least indium in order that the carrier mobi lity

is high. When an electric field is appl ied to the gate electrode at th is time, a channel is

formed in the second oxide layer of the multi-layer fi lm including the oxide

sem iconductor layer, whose energy at the bottom of the conduction band is low. That

is, the first oxide layer is formed between the second oxide layer and the gate insulating

film, whereby a channel of the transistor can be formed in a layer which is not in contact

with the gate insulating film (here, the second oxide layer). Further, since the first

oxide layer contains one or more kinds of metal elements contai ned in the second oxide

layer, interface scattering is un likely to occur at the interface between the second oxide

layer and the first oxide layer. Thus, the transistor can have a high field-effect

mobi lity because the movement of carriers is not hindered at the interface.



[0020]

The first oxide layer may contain, for example, a lum in um, titanium, gal lium,

germanium, yttrium, zircon ium, tin. lanthanum, cerium, or hafn ium at a higher atomic

ratio than the second oxide layer. Specifically, the amount of any of the above

elements in the first oxide layer in an atomic ratio is 1.5 times or more, preferably twice

or more, more preferably three t imes or more as much as that in the second oxide layer

in an atom ic ratio. Any of the above elements is strongly bonded to oxygen and thus

has a function of suppressing generation of an oxygen vacancy in the first oxide layer.

That is, an oxygen vacancy is more unl ikely to be generated in the first oxide layer than

in the second oxide layer.

[00 1]

Alternatively, when each of the first oxide layer and the second oxide layer is

an ln- -Zn oxide and the first oxide layer and the second oxide layer contain In, M, and

Zn at an atomic ratio of x y \ ∑\ and an atomic ratio of X2-' ' '- respectively, y \lx \ needs

to be larger than y - Note that the element M is a metal element whose bond ing

strength to oxygen is larger than that of In, and Al, Ti, Ga, Y, Zr, Sn, La, Ce, Nd, and Hf

can be given as examples. Preferably, the first oxide layer and the second oxide layer

in which y \lx \ is .5 times or more as large as are selected . More preferably, the

first oxide layer and the second oxide layer in which y \lx \ is twice or more as large as

½ 2 are selected. Sti l l more preferably, the first oxide layer and the second oxide

layer in which y \lx \ is three times or more as large as y l are selected . Here, in the

second oxide layer, y \ is preferably larger than or equal to x \ because the transistor can

have stable electrical characteristics. However, when y \ is three times or more as large

as x \, the field-effect mobility of the transistor is reduced; accordingly, y is preferably

equal to x \ or smaller than three times x \ .

[0022]

The thickness of the first oxide layer is greater than or equal to 3 nm and less

than or equal to 00 nm, preferably greater than or equal to 3 nm and less than or equal

to 50 nm. The thickness of the second oxide layer is greater than or equal to 3 nm and

less than or equal to 200 nm, preferably greater than or equal to 3 nm and less than or

equal to 100 nm, more preferably greater than or equal to 3 nm and less than or equal to

50 nm.



[0023]

The mu lti-layer film including the oxide semiconductor layer may include a

third oxide layer (also referred to as a barrier layer) which is in contact with an

insulating f ilm and the second oxide layer on the opposite side of the gate insulating

film, which contains one or more kinds of metal elements contained in the second oxide

layer, and the energy at the bottom of the conduction band of which is located closer to

the vacuum level than that of the second ox ide layer by 0.05 eV or more, 0.07 eV or

more, 0. 1 eV or more, or 0.1 eV or more and 2 eV or less, 1 eV or less, 0.5 eV or less,

or 0.4 eV or less. Note that the second oxide layer preferably contains at least indium

in order that that the carrier mobility is high. When an electric field is appl ied to the

gate electrode at this time, a channel is not formed in the third oxide layer. Further,

since the th ird oxide layer contains one or more kinds of metal elements contained in

the second oxide layer, an interface level is un likely to be formed at the interface

between the second oxide layer and the th ird oxide layer. When the interface has an

interface leve l, in some cases, a second transistor in wh ich the interface serves as a

channel and wh ich has a different threshold voltage is formed; accord ingly, the apparent

threshold voltage of the transistor is changed. Thus, with the th ird oxide layer,

fluctuation in electrical characteristics of the transistors, such as a threshold voltage, can

be reduced .

[0024]

The third oxide layer may contain, for example, alum inum, titan ium, gall ium,

german ium, yttrium, zirconium, tin, lanthanum, cerium, or hafn ium at a higher atomic

ratio than the second oxide layer. Specifical ly, the amount of any of the above

elements in the th ird oxide layer in an ato ic ratio is 1.5 times or more, preferably twice

or more, more preferably three times or more as much as that in the second oxide layer

in an atomic ratio. Any of the above elements is strongly bonded to oxygen and thus

has a function of suppressing generation of an oxygen vacancy in the third oxide layer.

That is, an oxygen vacancy is more unlikely to be generated in the third oxide layer than

in the second oxide layer.

[0025]

Further alternatively, when each of the second oxide layer and the third oxide

layer is an In-A/-Zn oxide and the second oxide layer and the th ird oxide layer contain



In, , and Zn at an atom ic ratio of x .y - and an atom ic ratio of x .y . : respectively,

/ needs to be larger than > ·2/ . Note that the element M is a metal element whose

bonding strength to oxygen is larger than that of In, and A l, Ti, Ga, Y, Zr, Sn, La. Ce, Nd,

and Hf can be given as examples. Preferably, the second oxide layer and the th ird

oxide layer in which 3 is 1.5 times or more as large as x selected . More

preferably, the second oxide layer and the third oxide layer in which V3/X3 is twice or

more as large as y are selected. Sti ll more preferably, the second oxide layer and

the third oxide layer in which y lx , is three times or more as large as y x are selected.

Here, in the second oxide layer, _ is preferably larger than or equal to 2 because the

transistor can have stable electrical characteristics. However, when ¾ is three times or

more as large as the field-effect mobility of the transistor is reduced; accordingly, y2

is preferably equal to x or smaller than three times 2.

[0026]

The th ickness of the th ird oxide layer is greater than or equal to 3 nm and less

than or equal to 100 nm, preferably greater than or equal to 3 nm and less than or equal

to 50 nm .

Note that the first oxide layer or the th ird oxide layer is prov ided in contact

with a source electrode (a source region) and a drain electrode (a drain region) of the

transistor.

[0028]

When the source electrode (the source region) and the drain electrode (the drain

region) of the transistor are provided in contact with at least side edges of the oxide

sem iconductor layer, the source electrode (the source region) and the drain electrode

(the drain region) are in contact with the channel, which is preferable.

[0029]

Accord ing to one embodiment of the present invention, it is possible to obtain a

transistor having stable electrical characteristics with a multi-layer fi m including an

oxide semiconductor layer. In addition, it is possible to provide a highly rel iable

display device includ ing the transistor.

BRI EF DESCRI PTION OF DRAWINGS



[0030]

FIG. 1 is a cross-sectional view of a multi-layer film accord ing to one

embodiment of the present invention.

FIG. 2 shows ToF-S I S results of a mu lti-layer film according to one

embodiment of the present invention.

FIGS. 3A to 3C each show diffusion of oxygen in a multi-layer film accord ing

to one embod iment of the present invention.

FIG. 4 shows the number of particles in an oxide layer and an oxide

semiconductor layer according to one embodiment of the present invention.

FIGS. 5A and 5B each illustrate a band structure of a multi-layer film

according to one embodi ment of the present invention.

FIGS. 6A and 6B each illustrate a band structure of a mu lti-layer film

according to one embodi ment of the present invention.

FIG. 7 illustrates a band structure of a multi-layer fi lm accord ing to one

embodiment of the present invention.

FIGS. 8A to 8D are each a transmission electron image of a multi-layer f ilm

accord ing to one embod iment of the present invention, wh ich is obtained with a TEM .

FIGS. 9A to 9 are each a transmission electron image of a multi-layer film

according to one embod iment of the present invention, wh ich is obtained with a TEM .

FIGS. 10A and 10B il lustrate an example of a crystal structure of an In-Ga-Zn

oxide.

FIGS. 11A and B show CP measurement results of a mu lti-layer film

according to one embodiment of the present invention.

FIGS. 12A and 12B are each a top view illustrating an example of a film

formation apparatus.

FIG. 3 illustrates an example of a film formation chamber.

FIG. 14 illustrates an example of a film formation chamber.

FIG. 15 illustrates an example of a heat treatment chamber.

FIGS. 16A to 16D are a top view and cross-sectional views illustrating a

semiconductor device accord ing to one embodiment of the present invention.

FIGS. 17A to 17C are cross-sectional views illustrating a manufacturing

method of a sem iconductor device according to one embod iment of the present



invention.

FIGS. 18A and 8B are cross-sectional views illustrating a manufacturing

method of a semiconductor dev ice according to one embod iment of the present

invention.

FIGS. 19A to 19C are a top view and cross-sectional views illustrating a

sem iconductor device accord ing to one embodiment of the present invention.

FIGS. 20A to 20C are cross-sectional views illustrating a manufacturing

method of a semiconductor device according to one embodiment of the present

invention.

FIGS. 2 1A and 2 1B are cross-sectional views illustrating a manufacturing

method of a semiconductor device according to one embod iment of the present

invention.

FIG. 22A il lustrates a display device of one embod iment of the present

invention and FIGS. 22B and 220 are circu it diagrams each illustrating a pixel.

FIG. 23 is a top view illustrating a pixel of a display device of one embod iment

of the present invention.

FIGS. 24A to 24C are cross-sectional views illustrating a display device of one

embodiment of the present invention.

FIG. 25 is a cross-sectional view illustrating a display device of one

embodiment of the present invention.

FIG. 26 is a top view illustrating a pixel of a display device of one embod iment

of the present invention.

FIG 27 is a cross-sectional view illustrating a display device of one

embodiment of the present invention.

FIG. 28 is a circuit diagram illustrating pixels of a display device of one

embodiment of the present invention.

FIG. 29 is a cross-sectional view illustrating a display device of one

embodiment of the present invention.

FIGS. 30A to 30D each illustrate an electronic device.

BEST MODE FOR CARRYING OUT THE INVENTION

[003 1]



One embodiment of the present invention w il l be described below in detai l

with reference to the accompanying draw ings. However, the present invention is not

limited to the fol lowing description and it is easi ly understood by those ski lled in the art

that the mode and details can be variously changed . In addition, the present invention

shou ld not be construed as being lim ited to the description in the fol lowing embod iment.

In describing structures of the present invention with reference to the drawings, the

same reference numerals are used in common for the same portions in different

drawings. Note that the same hatch pattern is appl ied to sim ilar parts, and in some

cases the similar parts are not espec ial ly denoted by reference numerals.

[0032]

Further, the ord inal numbers such as "first" and "second" in th is specification

are used for convenience and do not ind icate the order of steps or the stacking order of

layers. In addition, the ordinal num bers in this specification do not indicate particular

names wh ich specify the present in vention.

[0033]

Note that in many cases, a voltage refers to a potential difference between a

certain potential and a reference potential (e.g., a ground potential (GND) or a source

potential). Accordingly, a voltage can also be cal led a potential.

[0034]

Even when the expression "to be electrical ly connected" is used, there is a case

in wh ich no physical connection is made and a wiring is just extended in an actual

circuit.

[0035]

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

of current flow is changed in circuit operation, for example. Therefore, the terms

"source" and "drain" can be switched in this specification.

[0036]

The descriptions in this embodiment can be combined with each other as

appropriate.

[0037]

A multi-layer film including an oxide semiconductor layer used for a transistor

w ill be described with reference to FIG. 1.



[0038]

In this section, the structure of the multi-layer film will be described.

[0039]

A multi-layer film 106 illustrated in FIG. I includes an oxide layer 106a, an

oxide semiconductor layer 106b over the oxide layer 106a, and an oxide layer 106c over

the oxide semiconductor layer 106b. Note that although the multi-layer film 106 has

three layers in the description below, the multi-layer film 106 may have two layers or

four or more layers. For example, the multi-layer film 106 may include the oxide layer

106a and the oxide semiconductor layer 106b over the oxide layer 06a. Alternatively,

the multi-layer film 106 may include the oxide semiconductor layer 106b and the oxide

layer 06c over the oxide semiconductor layer 106b.

[0040]

n this section, the concentrations of silicon in the layers included in the

multi-layer film 06 will be described with reference to FIG. 2.

[0041]

Here, the oxide layer 106a is an oxide layer formed by a sputtering method

using an In-Ga-Zn oxide (the atomic ratio of In to Ga and Zn is 1:3:2) target. Note that

an argon gas (flow rate: 30 seem) and an oxygen gas (flow rate: 1 seem) were used as a

deposition gas, the pressure was set to be 0.4 Pa, the substrate temperature was set to be

200 °C, and a DC power of 0.5 W was applied.

[0042]

The oxide semiconductor layer 106b is an oxide semiconductor layer formed

by a sputtering method using an In-Ga-Zn oxide (the atomic ratio of In to Ga and Zn is

1: 1:1) target. Note that an argon gas (flow rate: 30 seem) and an oxygen gas (flow

rate: 5 seem) were used as a deposition gas, the pressure was set to be 0.4 Pa, the

substrate temperature was set to be 300 °C, and a DC power of 0.5 kW was applied.

[0043]

The oxide layer 106c is an oxide layer formed by a sputtering method using an

In-Ga-Zn oxide (the atomic ratio of In to Ga and Zn is 1:3:2) target. Note that an

argon gas (flow rate: 30 seem) and an oxygen gas (flow rate: 15 seem) were used as a

deposition gas, the pressure was set to be 0.4 Pa, the substrate temperature was set to be



200 °C, and a DC power of 0.5 W was appl ied.

[0044]

The multi-layer f ilm 106 is provided over a s ilicon wafer, and a sample not

subjected to heat treatment and a sample subjected to heat treatment at 450 °C for two

hours are prepared. FIG. 2 shows the secondary ion intensities of In, Ga, and Zn in a

depth direction, and the S1O3 concentration (atoms/cm ) in a depth direction of the

samples measured by ToF-S lMS (Time-of-flight secondary ion mass spectrometry).

The mu lti-layer f ilm 106 incl udes the oxide layer 106a hav ing a thickness of 0 nm, the

oxide semiconductor layer 106b having a thickness of 10 nm over the oxide layer 06a,

and the oxide layer 106c hav ing a thickness of 10 nm over the oxide semiconductor

layer 106b.

[0045]

FIG. 2 shows that the compositions of the layers included in the multi-layer

fi lm 106 are changed depend ing on the compositions o f the respective targets used at

the time of the film formation. Note that the compositions of the layers cannot be

simply compared using FIG. 2.

[0046]

FIG. 2 indicates that the interface between the s ilicon wafer and the oxide layer

06a of the multi-layer f lm 106 and the upper surface of the oxide layer 106c has

higher S1O3 concentrations. Moreover, FIG. 2 shows that the concentration of S1O3 in

the oxide semiconductor layer 106b is about 1 10 atoms/cm which is the lower limit

of detection in Tof-SIM S. This is probably because, owing to the existence of the

oxide layers 106a and 106c, the oxide semiconductor layer 06b is not influenced by

s ilicon due to the s ilicon wafer or the surface contam ination.

[0047]

Further, comparison of the sample subjected to the heat treatment with an

as-deposited sample (the sample not subjected to heat treatment, referred to as

"as-depo" in FIG. 2) indicates that silicon is less likely to be diffused through the heat

treatment though entry of s ilicon occurs at the time of deposition.

[0048]

It is effective to high ly purify the oxide sem iconductor layer 106b to be a



high ly purified intrinsic oxide sem iconductor layer so that a transistor includ ing the

multi-layer film 106 has stable electrical characteristics. Specifically, the carrier

density of the oxide sem iconductor layer 106b is set to be lower than 1 x lO1 /cm ,

lower than 1 x l /cm , or lower than I x 10 , J /cm . In the oxide semiconductor

layer 106b, hydrogen, nitrogen, carbon, s ilicon, and a metal element other than the main

component become an impurity. In order to reduce the concentration of impurities in

the oxide sem iconductor layer 06b, it is preferable to also reduce the concentration of

impurities in the oxide layers 106a and 06c which are close to the oxide sem iconductor

layer 06b to a value almost equal to that in the oxide sem iconductor layer 106b.

[0049]

Particularly when s ilicon is contained in the oxide sem iconductor layer 106b at

a high concentration, an impurity level due to silicon is formed in the oxide

sem iconductor layer 106b. In some cases, the impurity level becomes a trap, which

degrades electrical characteristics of the transistor. In order to make the deterioration

of the electrical characteristics of the transistor smal l, the concentration of s ilicon in the

oxide semiconductor layer 106b is set to be lower than x O 9 atoms/cm 3, preferably

lower than 5 x lO 8 atoms/cm , more preferably lower than 1 x l O 8 atoms/cm J .

Moreover, the concentrations of silicon at the interface between the oxide layer 106a

and the oxide semiconductor layer 106b and the interface between the oxide

sem iconductor layer 106b and the oxide layer 106c are each set to be lower than 1 χ

10 atoms/cm3, preferably lower than 5 x lO 8 atoms/cm 3, more preferably lower than 1

x lO1 atoms/cm3.

[0050]

Further, hydrogen and nitrogen in the oxide sem iconductor layer 106b form

donor levels, which increase carrier density. In order to make the oxide semiconductor

layer 106b intrinsic or substantially intrinsic, the concentration of hydrogen in the oxide

sem iconductor layer 106b, which is measured by SIMS, is set to be lower than or equal

to 2 x O20 atoms/cm3, preferably lower than or equal to 5 x 10 9 atoms/cm 3, more

preferably lower than or equal to 1 x 10 atoms/cm , sti l l more preferably lower than or

equal to 5 x 101 atoms/cm3. The concentration of nitrogen in the oxide semiconductor

layer 06b, which is measured by SIMS, is set to be lower than 5 x O9 atoms/cm 3,



preferably lower than or equal to 5 x lO18 atoms/cm ' more preferably lower than or

equal to 1 x l O 8 atoms/cm . stil l more preferably lower than or equal to 5 x I0 7

atoms/cm 3.

[005 1

Note that when sil icon and carbon are contained in the oxide sem iconductor

layer 106b at a high concentration, the crystallinity of the ox ide semiconductor layer

06b is lowered in some cases. In order not to lower the crystall in ity of the oxide

sem iconductor layer 06b, the concentration of s ilicon in the oxide sem iconductor layer

106b is set to be lower than 1 x 10 9 atoms/cm , preferably lower than 5 x lO 8

atoms/cm , more preferably lower than 1 x 1018 atoms/cm\ Moreover, in order not to

lower the crystal linity of the oxide sem iconductor layer 106b, the concentration of

carbon in the oxide sem iconductor layer 106b is set to be lower than 1 x lO 9 atoms/cm ,

preferably lower than 5 x lO 8 atoms/cm , more preferably lower than 1 x O 8

atoms/cm 3. Description of the crystal lin ity of the multi-layer fi lm 106 will be made

later.

[0052]

Here, diffusion of oxygen in the mu lti-layer film 06 through heat treatment at

350 °C or heat treatment at 450 °C is described with reference to FIGS. 3A to 3C.

[0053]

FIGS. 3A to 3C each show SIMS measurement results of concentration

distribution of 0 in a depth direction in samples in which any of the layers of the

multi-layer film 06 is formed using an 0 2 gas.

[0054]

Here, the oxide layer 106a is an oxide layer formed by a sputtering method

using an In-Ga-Zn oxide (the atomic ratio of In to Ga and Zn is 1:1:1) target.

[0055]

The oxide semiconductor layer 106b is an oxide sem iconductor layer formed

by a sputtering method using an In-Ga-Zn oxide (the atom ic ratio of In to Ga and Zn is

3:1:2) target.

[0056]

The oxide layer 106c is an oxide layer formed by a sputtering method using an



In-Ga-Zn oxide (the atomic ratio of In to Ga and Zn is 1:1:1) target.

[0057]

18Here, FIG. 3A shows Ό concentration distributions in a depth direction of the

oxide layer 106a, the oxide semiconductor layer 106b, and the interface therebetween of

samples in each of which an C 2 gas is used for forming the oxide layer 106a but is not

used for forming the other layers. FIG. 3A indicates that 0 is more diffused from the

oxide layer 106a to the oxide semiconductor layer 106b in a sample subjected to the

heat treatment at 350 °C (shown as "after heat treatment at 350 °C" with a solid line)

and a sample subjected to the heat treatment at 450 °C (shown as "after heat treatment at

450 °C" with a thick solid line) than in a sample not subjected to heat treatment (shown

as "as-depo" with a thin solid line).

[0058]

FIG. 3B shows 0 concentration distributions in a depth direction of the oxide

semiconductor layer 106b, the oxide layer 106c, and the interface therebetween of

samples in each of which an G"2 gas is used for forming the oxide semiconductor layer

106b but is not used for forming the other layers. FIG. 3B indicates that , 0 is more

diffused from the oxide semiconductor layer 106b to the oxide layer 06c in a sample

subjected to the heat treatment at 350 °C (shown as "after heat treatment at 350 °C"

with a solid line) and a sample subjected to the heat treatment at 450 °C (shown as

"after heat treatment at 450 °C" with a thick solid line) than in a sample not subjected to

heat treatment (shown as "as-depo" with a thin solid line).

[0059]

FIG. 3C shows 0 concentration distributions in a depth direction of the oxide

layer 106a, the oxide semiconductor layer 106b, and the interface therebetween of

samples in each of which an θ gas is used for forming the oxide semiconductor layer

106b but is not used for forming the other layers. FIG. 3C indicates that 0 is more

diffused from the oxide semiconductor layer 106b to the oxide layer 106a in a sample

subjected to the heat treatment at 450 °C (shown as "after heat treatment at 450 °C"

with a thick solid line) than in a sample not subjected to heat treatment (shown as

"as-depo" with a thin solid line) and a sample subjected to the heat treatment at 350 °C

(shown as "after heat treatment at 350 °C" with a solid line).



[0060]

As shown in F GS. 3A to 3C, in the multi-layer f i m 06. oxygen is diffused

from one layer to the other layer.

[006 1]

Next, an oxide layer applicable to each of the oxide layers 106a and 106c used

in the multi-layer f m 106 was formed by a sputtering method, and the number of

particles with a size of 1 µηι or more was measured.

[0062]

The measurement was performed on the following samples: a sample formed

using a gal lium oxide target; a sample formed using a Ga-Zn oxide (the atomic ratio of

Ga to Zn is 2 :5) target; a sample formed using an ln-Ga-Zn oxide (the atom ic ratio of In

to Ga and Zn is 3:1:2) target; a sample formed using an In-Ga-Zn oxide (the atom ic

ratio of In to Ga and Zn is 1:1:1) target; and a sample formed using an ln-Ga-Zn oxide

(the atom ic ratio of n to Ga and Zn is 1:3 :2) target.

[0063]

FIG. 4 shows that in the sample formed using a gal lium oxide target and the

sample formed using a Ga-Zn oxide target, the number of particles with a size of 1 µ ι

or more is rapidly increased as the thickness of the oxide layer is increased. On the

other hand, in the samples formed using an In-Ga-Zn oxide target, the number of

particles with a size of 1 µιη or more is unl ikely to be increased even when the th ickness

of the oxide layer is increased.

[0064]

Thus, in the case where the oxide layer is formed by a sputtering method, a

target containing indium is preferably used in terms of an increase in the number of

particles. Moreover, it is preferable to use an oxide target in which the proportion of

gallium in the atom ic ratio of In to Ga and Zn is relatively small. Particularly in the

case where a target containing indium is used, the conductivity of the target can be

increased and DC discharge and AC discharge are facilitated ; therefore, film formation

over a large-sized substrate can be easily performed. Thus, semiconductor devices can

be manufactured with improved productivity.

[0065]



n this section, the band structure of the multi-layer film 06 will be described

with reference to FIGS. 5A and 5B and FIGS. 6A and 6B.

[0066]

Note that the oxide layer 106a was formed using an ln-Ga-Zn oxide having an

energy gap of 3. 15 eV, the oxide semiconductor layer 106b was formed using an

In-Ga-Zn oxide having an energy gap of 2.8 eV, and the oxide layer 106c was formed

using an oxide layer whose physical properties are similar to those of the oxide layer

06a. Further, the energy gap in the vicinity of the interface between the oxide layer

106a and the oxide semiconductor layer 106b and the energy gap in the vicinity of the

interface between the oxide layer 106c and the oxide semiconductor layer 106b were

each 3 eV. The energy gaps were measured using a spectroscopic ellipsometer

(UT-300 manufactured by HOR1BA JOBIN YVON S.A.S.). The thicknesses of the

oxide layer 106a, the oxide semiconductor layer 106b, and the oxide layer 106c were

each 0 m.

[0067]

FIG. 5A is a graph in which the energy gap between a vacuum level and a top

of a valence band of each layer was measured while the multi-layer film 06 was etched

from the oxide layer 106c side, and was plotted. The energy gap between the vacuum

level and the top of the valence band was measured using an ultraviolet photoelectron

spectroscopy (UPS) device (VersaProbe manufactured by ULVAC-PFII, Inc.).

[0068]

FIG. 5B is a graph in which a value obtained in such a manner that an energy

gap between the vacuum level and a bottom of a conduction band of each layer was

calculated by subtracting the energy gap of each layer from the energy gap between the

vacuum level and the top of the valence band was plotted.

[0069]

Part of the band structure in FIG. 5B is schematically illustrated in FIG. 6A.

FIG. 6A shows the case where silicon oxide films are provided in contact with the oxide

layers 06a and 106c. Here, Ec l denotes the energy of the bottom of the conduction

band of the silicon oxide film, EcSl denotes the energy of the bottom of the conduction

band of the oxide layer 106a, EcS2 denotes the energy of the bottom of the conduction

band of the oxide semiconductor layer 106b, EcS3 denotes the energy of the bottom of



the conduction band of the oxide layer 106c, and EcI2 denotes the energy of the bottom

of the conduction band of the silicon oxide fi lm .

[0070]

As shown in FIG. 6A, the energies of the bottoms of the conduction bands of

the oxide layer 106a, the oxide semiconductor layer 106b, and the oxide layer 106c are

changed continuously. This can be understood also from the resu lts shown in FIGS.

3A to 3C that oxygen is diffused at the interface between the oxide layer 106a and the

oxide semiconductor layer 106b and at the interface between the oxide sem iconductor

layer 106b and the oxide layer 106c.

[007 1]

Note that FIG. 6A shows the case where the oxide layers 06a and 106c have

sim ilar physical properties; however, the oxide layers 06a and 106c may have different

physical properties. For example, part of the band structure in the case where EcS l is

higher than EcS3 is shown in FIG. 6B. Alternatively, although not shown in FIGS. 6A

and 6B, EcS3 may be higher than EcS .

[0072]

Accord ing to FIGS. 5A and 5B and FIGS. 6A and 6B, the oxide sem iconductor

layer 106b of the multi-layer film 106 serves as a wel l and a channel of the transistor

including the multi-layer film 106 is formed in the oxide semiconductor layer 106b.

Note that since the energies of the bottoms of the conduction bands are changed

continuously, the multi-layer film 06 can also be referred to as a U-shaped well .

[0073]

Note that although trap levels due to impurities or defects might be formed in

the vicinity of the interface between an insu lating fi lm such as a s ilicon oxide film and

each of the oxide layers 106a and 106c as shown in FIG. 7, the oxide sem iconductor

layer 106b can be distanced away from the trap levels owing to the existence of the

oxide layers 106a and 06c. However, when the energy gap between EcS l or EcS3,

and EcS2 is small, an electron might reach the trap level by passing over the energy gap.

Since the electron is trapped in the trap level, a negative fixed charge is caused at the

interface with the insulating film; thus, the threshold voltage of the transistor is shifted

in the positive direction .

[0074]



Thus, the energy gap between EcS and EcS2 and the energy gap between

EcS3 and EcS2 are each preferably greater than or equal to 0. 1 eV, more preferably

greater than or equal to 0. 15 eV because the amount of change of the threshold voltage

of the transistor is reduced and the transistor has stable electrical characteristics.

[0075]

It is preferable that at least the oxide semiconductor layer 106b of the

multi-layer film 106 have crystallinity. With the oxide semiconductor layer 106b

having crystallinity, the transistor including the multi-layer film 106 can have stable

electrical characteristics as compared to the case of the oxide semiconductor layer 106b

without crystallinity. In this section, an example in which the oxide semiconductor

layer 106b has crystallinity in the multi-layer film 106 will be described.

[0076]

Here, as for the crystallinity of the multi-layer film 106, atomic arrangement

was evaluated with a transmission electron microscope (TE ). The description is

made below with reference to FIGS. 8A to 8D and FIGS. 9A to 9D.

[0077]

Here, the oxide layer 106a is an oxide layer formed by a sputtering method

using an In-Ga-Zn oxide (the atomic ratio of In to Ga and Zn is 1:3:2) target. Note that

an argon gas (flow rate: 30 seem) and an oxygen gas (flow rate: 15 seem) were used as a

deposition gas, the pressure was set to be 0.4 Pa, the substrate temperature was set to be

200 °C, and a DC power of 0.5 kW was applied.

[0078]

The oxide semiconductor layer 106b is an oxide semiconductor layer formed

by a sputtering method using an In-Ga-Zn oxide (the atomic ratio of In to Ga and Zn is

1: 1 :1) target. Note that an argon gas (flow rate: 30 seem) and an oxygen gas (flow

rate: 15 seem) were used as a deposition gas, the pressure was set to be 0.4 Pa, the

substrate temperature was set to be 300 °C or 400 °C, and a DC power of 0.5 kW was

applied.

[0079]

The oxide layer 106c is an oxide layer formed by a sputtering method using an

In-Ga-Zn oxide (the atomic ratio of In to Ga and Zn is 1:3:2) target. Note that an



argon gas (flow rate: 30 seem) and an oxygen gas (fl o rate: seem) were used as a

deposition gas, the pressure was set to be 0.4 Pa, the substrate temperature was set to be

200 C, and a DC power of 0.5 kW was appl ied.

[0080]

FIGS. 8A to 8D and FIGS. 9A to 9D are transm ission electron images of

samples each includ ing the multi-layer film 06 provided over a sil icon oxide film over

a sil icon wafer which is the substrate. Note that the evaluated samples shown in FIGS.

8A to 8D and the eval uated samples in FIGS. 9A to 9D are different from each other

only in that the temperatures of the substrate at the time of the formation of the oxide

semiconductor layer 106b are 300 °C (FIGS. 8A to 8D) and 400 °C (FIGS. 9A to 9D).

Note that each sample was not subjected to heat treatment. The transm ission electron

images were measured using Hitachi H-9500 transm ission electron microscope (TE ).

[008 1]

Flere, the mu lti-layer film 06 includes an In-Ga-Zn oxide having a th ickness

of 20 nm as the oxide layer 106a, an In-Ga-Zn oxide hav ing a th ickness of 5 nm as the

oxide sem iconductor layer 106b, and an In-Ga-Zn oxide having a th ickness of 5 nm as

the oxide layer 106c. FIG. 8A is a transm ission electron image showing the oxide

layer 106a, the oxide sem iconductor layer 106b, and the oxide layer 106c . FIG. 8B is

an en larged image of a portion in the vicinity of the interface between the oxide

sem iconductor layer 106b and the oxide layer 106c, FIG. 8C is an en larged image of a

portion in the v icin ity of the interface between the oxide layer 106a and the oxide

sem iconductor layer 06b, and FIG. 8D is an enlarged image of a portion in the vicinity

of the interface between the s ilicon oxide fi lm and the oxide layer 106a. In a simi lar

manner, FIG. 9A is a transm ission electron image showing the oxide layer 106a, the

oxide semiconductor layer 106b, and the oxide layer 106c. FIG. 9B is an enlarged

image of a portion in the vicinity of the interface between the oxide semiconductor layer

106b and the oxide layer 106c, FIG. 9C is an enlarged image of a portion in the vicinity

of the interface between the oxide layer 106a and the oxide semiconductor layer 106b,

and FIG. 9D is an en larged image of a portion in the vicinity of the interface between

the s ilicon oxide fi lm and the oxide layer 106a.

[0082]



According to FIGS. 8A to 8D and FIGS. 9A to 9D, the oxide layers 106a and

106c have a low degree of crystal linity. Further, the oxide sem iconductor layer 06b

was entirely crystalline with a high degree of crystal lin ity from the interface with the

oxide layer 106a to the interface with the oxide layer 106c. Note that the atom ic

arrangement in the crystal part of the oxide sem iconductor layer 106b was found to be

in a layered manner in a plane paral lel to the upper surface of the oxide sem iconductor

layer 106b. Moreover, a clear grain boundary was not seen between crystal parts in the

oxide semiconductor layer 106b. Further, the oxide sem iconductor layer 106b in FIG S.

9A to 9D was found to have a higher degree of crystallinity than the oxide

sem iconductor layer 106b in FIGS. 8A o 8D.

[0083]

The fact that the oxide semiconductor layer 106b was crystal line is a lso

compatible with the ToF-S MS resu lts shown in FIG. 2. That is, the crystal linity of the

oxide sem iconductor layer 106b was not lowered probably because entry of s ilicon into

the oxide sem iconductor layer 106b was reduced owing to the existence of the oxide

layers 106a and 106c.

[0084]

n this manner, it seems that the oxide sem iconductor layer 06b where a

channel is formed has a high degree of crystal linity and there are few levels due to

impurities or defects; therefore, the transistor including the multi-layer film 06 has

stable electrical characteristics.

[0085]

Here, the model of crystal growth in the oxide semiconductor layer 106b with a

high degree of crystall inity is described with reference to FIGS. 10A and 10B.

[0086]

When part of the crystal grain is separated as a particle from a cleavage plane

and exposed to plasma, cutting of a bond starts at the portion where an interatomic bond

is weak, so that a plural ity of sputtered particles are generated.

[0087]

With the use of an oxygen cation as an ion, plasma damage at the time of the

film formation can be a llev iated. Thus, when the ion col lides with the surface of the

target, a lowering in crystal lin ity of the target can be suppressed.



[0088]

F IG. IOA illustrates a crysta l structure of an In-Ga-Zn oxide viewed from a

direction paral lel to an a-b plane of the crystal as an example of the target containing a

polycrystal line oxide semiconductor with a high orientation. FIG. OB il lustrates an

en larged portion surrounded by a dashed ine in FIG. 10A .

[0089]

For example, in a crystal grain of an In-Ga-Zn oxide, a cleavage plane is a

plane between a first layer and a second layer as illustrated in FIG. 10B. The first layer

includes a gal lium atom and/or zinc atom and an oxygen atom, and the second layer

includes a gall ium atom and/or zinc atom and an oxygen atom. Th is is because

oxygen atoms having negative charge in the first layer and oxygen atoms having

negative charge in the second layer are close to each other (see surrounded portions in

FIG. 10B). In th is manner, the cleavage plane is a plane paral lel to an a-b plane.

Further, the crystal of the In-Ga-Zn oxide shown in FIGS. 10A and 0B is a hexagonal

crystal ; thus the flat-plate-l ike crystal grain is likely to have a hexagona l prism shape

with a regu lar hexagonal plane whose internal angle is 120°.

[0090]

It is preferable that sputtered particles be positively charged. There is no

particular lim itation on a timing of when the sputtered particle is positively charged, but

it is preferably positively charged by receiving an electric charge when an ion col lides.

Alternatively, in the case where plasma is generated, the sputtered particle is preferably

exposed to plasma to be positively charged. Further alternatively, the ion which is an

oxygen cation is preferably bonded to a side surface, a top surface, or a bottom surface

of the sputtered particle, whereby the sputtered particle is positively charged.

[009 1]

The sputtered particles have crystals whose c-axes are aligned in a direction

perpendicular to the deposition surface; accordingly, the oxide semiconductor layer

06b is a c-axis aligned crystalline oxide semiconductor (CAAC-OS) layer.

[0092]

With the use of the target contain ing a polycrystall ine oxide semiconductor

with a high orientation in the above manner, the oxide sem iconductor layer 106b hav ing

a un iform th ickness and a un iform crystal orientation can be formed. The details of a



sputtering apparatus wil l be described later.

[0093]

The CAAC-OS is not completely single crystal nor completely amorphous.

Note that in most cases, a crystal part in the CAAC-OS fits inside a cube whose one

side is less than 100 nm.

[0094]

In each of the crystal parts inc luded in the CAAC-OS, a c-axis is a ligned in a

direction parallel to a normal vector of a surface where the CAAC-OS is formed or a

normal vector of a top surface of the CAAC-OS, triangular or hexagonal atomic

arrangement which is seen from the direction perpendicular to the a-b plane is formed,

and metal atoms are arranged in a layered manner or metal atoms and oxygen atoms are

arranged in a layered manner when seen from the direction perpend icu lar to the c-axis.

Note that, among crystal parts, the directions of the a-axis and the b-axis of one crystal

part may be different from those of another crystal part. In th is specification, a term

"perpend icu lar" includes a range from 85° to 95°. In add ition, a term "paral lel "

includes a range from -5° to 5°.

[0095]

In the CAAC-OS, distribution of crystal parts is not necessari ly un iform . For

example, the proportion of crystal parts in the vicinity of the top surface of the

CAAC-OS is higher than that in the vicin ity of the surface where the CAAC-OS is

formed in some cases. Further, when an impurity is added to the CAAC-OS,

crystallin ity of a region to which the im purity is added is lowered in some cases.

[0096]

In a transistor using the CAAC-OS, change in electrical characteristics due to

irradiation with visible light or ultraviolet light is small. Thus, the transistor has stable

electrical characteristics.

[0097]

By reducing the density of local ized states of the multi-layer film 106, the

transistor using the multi-layer film 106 can have stable electrical characteristics. In

this section, the density of localized states of the multi-layer film 106 was measured by

a constant photocurrent method (CPM).



[0098]

In order that the transistor has stable electrical characteristics, the absorption

coefficient due to the localized level of the multi-layer film 106 measured by CPM is

preferably lower than 1 x I0~ cm , more preferably lower than 3 x 10~ cm~ ' .

[0099]

A sample on which CPM measurement was performed will be described below.

[0100]

The oxide layer 106a is an oxide layer formed by a sputtering method using an

In-Ga-Zn oxide (the atomic ratio of In to Ga and Zn is 1:3:2) target. Note that an

argon gas (flow rate: 30 seem) and an oxygen gas (flow rate: 5 seem) were used as a

deposition gas, the pressure was set to be 0.4 Pa, the substrate temperature was set to be

200 °C, and a DC power of 0.5 W was applied.

[01 01]

The oxide semiconductor layer 106b is an oxide semiconductor layer formed

by a sputtering method using an In-Ga-Zn oxide (the atomic ratio o f In to Ga and Zn is

1:1:1) target. Note that an argon gas (flow rate: 30 seem) and an oxygen gas (flow

rate: 15 seem) were used as a deposition gas, the pressure was set to be 0.4 Pa, the

substrate temperature was set to be 200 °C, and a DC power of 0.5 kW was applied.

[0102]

The oxide layer 106c is an oxide layer formed by a sputtering method using an

In-Ga-Zn oxide (the atomic ratio of In to Ga and Zn is 1:3:2) target. Note that an

argon gas (flow rate: 30 seem) and an oxygen gas (flow rate: 15 seem) were used as a

deposition gas, the pressure was set to be 0.4 Pa, the substrate temperature was set to be

200 °C, and a DC power of 0.5 kW was applied.

[0103]

Here, in order to improve the accuracy of the CPM measurement, the

multi-layer film 106 needs to have a certain thickness. Specifically, the thicknesses of

the oxide layer 106a, the oxide semiconductor layer 106b, and the oxide layer 106c

which are included in the multi-layer film 106 were set to be 30 nm, 100 n , and 30 nm,

respectively.

[0104]



In the CPM measurement, the amount of light w ith which a surface of the

sample between term inals is irradiated is adj usted so that a photocurrent value is kept

constant in the state where voltage is applied between a first electrode and a second

electrode provided in contact with the multi-layer fi lm 106 that is the sample, and then

an absorption coefficient is derived from the amount of the irradiation light at each

wavelength. In the CPM measurement, when the sample has a defect, the absorption

coefficient due to the energy which corresponds to the level at which the defect exists

(calculated from the wavelength) is increased. The increase in the absorption

coefficient is multiplied by a constant, whereby the defect density of the sample can be

obtained.

[0 105]

FIG. shows results of fitting the absorption coefficient (broken line)

measured using a spectrophotometer and the absorption coefficient (sol id ine)

measured by CPM in the range of energy higher than or equal to the energy gap o f each

layer in the multi-layer f ilm 106. Note that the Urbach energy obtained based on the

absorption coeffic ient measured by CPM was 78.7 meV. The integral value of the

absorption coeffic ient in the energy range was derived in such a manner that a

background (dotted line) was subtracted from the absorption coefficient measured by

CPM in the energy range shown with a dashed-l ine circle in FIG. 11A (see FIG. 11B).

As a result, the absorption coefficient due to the local ized level of th is sample was

found to be 2.02 x 10~4 cn ' .

[0 106]

The local ized level obtained here is probably due to an impurity or a defect.

From the above, there are extremely few levels due to an impurity or a defect in the

multi-layer film 106. That is, the transistor including the multi-layer film 106 has

stable electrical characteristics.

[0 107]

A film formation apparatus for form ing the oxide semiconductor layer 106b

with a high degree of crystall inity will be described below.

[0 108]

First, a structure of a fi m formation apparatus which allows the entry of few

impurities during fi lm formation is described with reference to FIGS. 12A and 2B.



[0 09]

FIG. I2A illustrates a mu lti-chamber f i lm formation apparatus. The film

formation apparatus includes a substrate supply chamber 11 provided with three cassette

ports 14 for hold ing substrates, load lock chambers 12a and 12b, a transfer chamber 13,

a substrate heating chamber 15, and film formation chambers 10a, 10b, and 10c. The

substrate supply chamber 1 is connected to the load lock chambers 12a and 12b. The

load lock chambers 12a and 12b are connected to the transfer cham ber 13. The

substrate heating chamber 15 and the film formation chambers 10a to 0c are each

connected only to the transfer chamber 3. A gate valve is provided for a connecting

portion between chambers so that each chamber can be independently kept in a vacuum

state. Although not illustrated, the transfer cham ber 13 has one or more substrate

transfer robots. Here, the substrate heating cham ber 15 preferably also serves as a

plasma treatment chamber. With a multi-chamber fi lm formation apparatus, it is

possi ble to transfer a substrate without exposure to the air between treatments, and

adsorption of impurities to a substrate can be suppressed . In addition, the order of f ilm

formation, heat treatment, or the like can be freely determined. Note that the number

of the film formation chambers, the number of the load lock chambers, and the number

of the substrate heating chambers are not limited to the above, and can be determined as

appropriate depending on the space for placement or the process.

[0 1 0]

Evacuation of the film formation chamber (sputtering chamber) illustrated in

FIG. 12A will be described with reference to FIG. 13. A film formation chamber 10

includes a target 32 and a target holder 34 for holding the target.

[0 11]

The film formation chamber 10 il lustrated in FIG. 3 is connected to the

transfer chamber 13 through a gate valve, and the transfer chamber 13 is connected to

the cassette port 14 through a gate valve.

[0 2]

The film formation chamber 10 in FIG. 13 is connected to a refiner 54 through

a mass flow control ler 60. Note that although the refiner 54 and the mass flow

control ler 60 are provided for each of a plural ity of kinds of gases, only one refiner 54

and one mass flow control ler 60 are i l lustrated for simpl icity, and the others are not



illustrated here. As a gas introduced to the f ilm formation chamber 10 or the like a

gas whose dew point is -80 °C or lower, preferably - 100 °C or lower is used. With

the use of an oxygen gas, a rare gas (e.g., an argon gas), or the like whose dew point is

low, moisture entering a fi lm at the time of deposition can be reduced.

[0 113]

The film formation chamber 10 in FIG. 1 is connected to a cryopump 58a

through a valve.

[0 114]

The transfer chamber 13 in FIG. 13 is connected to a cryopump 58b through a

valve.

[0 115]

The cassette port 4 in FIG. 13 is connected to a vacuum pump 59 through a

valve.

[0 16]

Note that the vacuum pump 59 may be a pum p in wh ich a dry pump and a

mechanical booster pump are connected in series, for example. In this case, the

mechanical booster pump of the vacuum pump 59 is connected to the film formation

chamber 10 and the transfer chamber 13 through valves. With such a structure,

evacuation can be performed using the vacuum pump 59 when the pressure inside the

fi m formation chamber 10 is in the range of atmospheric pressure to low vacuum

(about 0.1 Pa to 10 Pa) and then, by switching the valves, evacuation can be performed

using the cryopump 58a or 58b when the pressure inside the film formation chamber 10

is in the range of low vacuum to high vacuum ( 1 x 10 4 Pa to 1 x 10 Pa).

[0 117]

In a similar manner, an evacuation example of the f ilm formation chamber in

FIG. 12A will be described with reference to FIG. 14.

[0 118]

The film formation chamber 10 illustrated in FIG. 14 is connected to the

transfer chamber 13 through a gate valve, and the transfer chamber 13 is connected to

the cassette port 14 through a gate valve.

[0 119]



The film formation chamber 10 illustrated in FIG. 14 is connected to a mass

flow control ler 60 through a gas heating system 62, and the gas heating system 62 is

connected to the refiner 54 through the mass flow control ler 60. With the gas heating

system 62, a gas which is introduced to the film formation chamber 10 can be heated to

a temperature higher than or equal to 40 °C and lower than or equal to 400 °C,

preferably higher than or eq ual to 50 °C and lower than or equal to 200 °C. Note that

although the gas heating system 62, the refiner 54, and the mass flow control ler 60 are

prov ided for each of a plural ity of kinds of gases, on ly one gas heating system 62, one

refiner 54, and one mass flow controller 60 are illustrated for simplicity and the others

are not illustrated here.

[0 1 0]

The film formation chamber 10 illustrated in FIG. 14 is connected to a turbo

molecular pump 58c through a valve. Note that as an auxi liary pump, a vacuum pump

59a is provided for the turbo molecu lar pump 58c through a val ve. The vacuum pump

59a may have a structure simi lar to that of the vacuu m pump 59.

[0 12 1]

In addition, the f lm formation chamber 10 illustrated in FIG. 14 is provided

with a cryotrap 66.

[0 22]

It is known that the turbo molecular pump 58c is capable of stably evacuating a

large-sized molecule, needs low frequency of maintenance, and thus enables high

productivity, whereas it has a low capability in evacuating hydrogen and water. Hence,

the cryotrap 66 having a high capabil ity in evacuating a molecule having a relatively

h igh melting point, such as water, is connected to the fi m formation chamber 10. The

temperature of a refrigerator of the cryotrap 66 is set to be lower than or equal to 100 ,

preferably lower than or equal to 80 . In the case where the cryotrap 66 includes a

plural ity of refrigerators, it is preferable to set the temperature of each refrigerator at a

different temperature because efficient evacuation is possible. For example, the

temperature of a first-stage refrigerator may be set to be lower than or equal to 100 K

and the temperature of a second-stage refrigerator may be set to be lower than or equal

to 20 K.



[0 123]

The transfer cham ber 13 in FIG. 4 is connected to cryopumps 58d and 58e

through valves. In the case of one cryopump, evacuation cannot be performed wh ile

the cryopump is in regeneration; however, in the case of two or more cryopumps which

are connected in paral lel, even when one of the cryopumps is in regeneration,

evacuation can be performed using any of the other cryopumps. Note that regeneration

of a cryopump refers to treatment for discharging molecu les entrapped in the cryopump.

When molecules are entrapped too much in a cryopump, the evacuation capability of the

cryopump is lowered; therefore, regeneration is performed regu larly.

[0 124]

The cassette port 4 in FIG. 14 is connected to a cryopump 58f and a vacuum

pump 59c through valves.

[0 125]

A vacuum pump 59b is connected to the fi lm formation chamber 0 and the

transfer chamber 13 through val ves. Note that the vacuum pum p 59b may have a

structure sim ilar to that of the vacuum pump 59.

[0 126]

In the film formation chamber 10, a facing-target-type sputtering apparatus

may be employed. A specific positional relation between targets, magnets, and a

substrate holder is described with reference to FIG. 3 and FIG. 14.

[0 127]

Note that a parallel-plate-type sputtering apparatus or an ion beam sputtering

apparatus may be provided in the film formation chamber 0.

[0 128]

Next, an evacuation example of the substrate heating chamber in FIG. 12A wil l

be described with reference to FIG. 15.

[0 129]

The substrate heating chamber 15 illustrated in FIG. 15 is connected to the

transfer chamber 13 through a gate valve. Note that the transfer chamber 13 is

connected to a load lock chamber through a gate valve, wh ich is not illustrated here.

The load lock chamber is evacuated as illustrated in FIG. 14.



The substrate heating chamber 15 in FIG. 15 is connected to the refiner 54

through the mass flow control ler 60. Note that although the refiner 54 and the mass

tlovv control ler 60 are provided for each of a plural ity of kinds of gases, only one refiner

54 and one mass flow control ler 60 are illustrated for simplicity, and the others are not

il lustrated here.

[0 13 1]

The substrate heating chamber 1 in FIG. 5 is connected to the vacuum pump

59b through a valve.

[0 32]

The substrate heating chamber 15 may be provided with a stage on which a

plurality of substrates can be set. In the substrate heating chamber 5, for example, a

resistance heater or the like may be used for heating. Alternatively, heat conduction or

heat rad iation from a medi um such as a heated gas may be used for heating. For

exam ple, a rapid thermal anneal ing (RTA) apparatus such as a gas rapid thermal

anneal ing (GRTA) apparatus or a lam p rapid thermal anneal ing (LRTA) apparatus can

be used. The LRTA apparatus is an apparatus for heating an object by radiation of

light (an electromagnetic wave) em itted 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. In the G RTA apparatus, heat treatment is performed

using a high-temperature gas. An inert gas is used as the gas.

[0 133]

In each of the film formation chamber 0 and the substrate heating chamber 15,

the back pressure is less than or equal to 1 x 10 4 Pa, preferably less than or equal to 3 x

10~ Pa, more preferably less than or equal to 1 x 10 5 Pa.

[0 34]

In each of the film formation chamber 10 and the substrate heating chamber 15,

the partial pressure of a gas molecule (atom) having a mass-to-charge ratio (m/z) of 18

is less than or equal to 3 x 10- Pa, preferably less than or equal to 1 x 10 5 Pa, more

preferably less than or equal to 3 x 10~6 Pa.

[0 135]

Moreover, in each of the film formation chamber 10 and the substrate heating



chamber 15, the partial pressure of a gas molecu le (atom) having a mass-to-charge ratio

(m/∑) of 28 is less than or equal to 3 x Pa, preferably less than or equa l to 1 x 10_ >

Pa, more preferably less than or equal to 3 x 1 6 Pa.

[0 136]

Further, in each of the f ilm formation chamber 10 and the substrate heating

chamber 15, the partial pressure of a gas molecu le (atom) having a mass-to-charge ratio

(mlz) of 44 is less than or equal to 3 x 10° Pa, preferably less than or equal to 1 x O-

Pa, more preferably less than or equal to 3 x 10 Pa.

[0 137]

Further, in each of the film formation chamber 10 and the substrate heating

chamber 15, the leakage rate is less than or equal to 3 x 10~6 Pa m s, preferably less

than or equal to x 1 6 Pa m s.

[0 8]

In each of the f ilm formation chamber 10 and the substrate heating chamber 1 ,

the leakage rate of a gas molecule (atom) having a mass-to-charge ratio (mlz) of 8 is

less than or equal to 1 x I0~7 Pa m s, preferably less than or equal to 3 χ 10~8 Pa m /s.

[0 39]

In each of the film formation chamber 10 and the substrate heating chamber 5,

the leakage rate of a gas molecule (atom) hav ing a mass-to-charge ratio (mlz) of 28 is

less than or equal to 1 x 0~5 Pa m /s, preferably less than or equal to 1 x 10~6 Pa m /s.

[01 40]

In each of the film formation chamber 10 and the substrate heating chamber 15,

the leakage rate of a gas molecule (atom) having a mass-to-charge ratio (mlz) of 44 is

less than or equal to 3 x 10 6 Pa m7s, preferably less than or equal to 1 x 10~6 Pa m /s.

[01 4 1]

Note that a total pressure and a partial pressure can be measured using a mass

analyzer. For example, Qulee CGM-05 1, a quadrupole mass analyzer (also referred to

as Q-mass) manufactured by ULVAC, Inc. may be used. Note that a leakage rate can

be derived from the total pressure and partial pressure measured using the mass

analyzer.

[0 142]



The leakage rate depends on external leakage and internal leakage . The

external leakage refers to inflow of gas from the outside of a vacuum system through a

min ute hole, a seal ing defect or the like. The internal leakage is due to leakage

through a partition, such as a valve, in a vacuum system or due to released gas from an

internal member. Measures need to be taken from both aspects of external leakage and

internal leakage in order that the leakage rate is set to be less than or equal to the above

val ue.

[0 43]

For example, an open/close portion of the f ilm formation chamber can be

sealed with a metal gasket. For the metal gasket, metal covered with iron fluoride,

aluminum oxide, or chrom ium oxide is preferably used. The metal gasket real izes

higher adhesion than an O-ring, and can reduce the external leakage. Further, with the

use of the metal covered with iron f luoride, aluminum oxide, chromium oxide, or the

like, which is in the passive state, the release of gas contain ing im purities released from

the metal gasket is suppressed, so that the internal leakage can be reduced.

[0 44]

For a member of the fi lm formation apparatus, alum inum, chromium, titanium,

zirconium, nickel, or vanad ium, wh ich releases a smaller amount of gas contain ing

impurities, is used. Alternatively, an a lloy containing iron, chromium, nickel, and the

like covered with the above member may be used. The alloy containing iron,

chrom ium, nickel, and the like is rigid, resistant to heat, and suitable for processing.

Here, when surface unevenness of the member is decreased by pol ish ing or the like to

reduce the surface area, the release of gas can be reduced.

[0 145]

Alternatively, the above member of the film formation apparatus may be

covered with iron fluoride, alum inum oxide, chromium oxide, or the like.

[0 46]

The member of the f ilm formation apparatus is preferably formed with only

metal as much as possible. For example, in the case where a viewing window formed

with quartz or the like is provided, it is preferable that the surface of the viewing

window be th in ly covered with iron fluoride, aluminum oxide, chromium oxide, or the

like so as to suppress release of gas.



[0 147]

In the case where the refiner is provided just before a deposition gas is

introduced, the length of a pipe between the refiner and the film formation chamber is

less than or equal to 10 m, preferably less than or equal to 5 , further preferably less

than or equal to 1 m. When the length of the pipe is less than or equal to 10 , less

than or equal to 5 , or less than or equal to 1 m, the effect of the release of gas from

the pipe can be reduced accord ingly.

[0 148]

As the pipe of the deposition gas, a metal pipe the inside of which is covered

with iron fluoride, aluminum oxide, chromium oxide, or the like may be used. With

the above pipe, the amount of released gas containing im purities is made smal l and the

entry of impurities into the deposition gas can be reduced as compared with a

SUS3 6L-EP pipe, for example. Further, a high-performance ultra-compact metal

gasket joint (a UPG joint) is preferably used as a joint of the pipe. A structure where

a ll the materials o f the pipe are metals is preferable because the effect of the generated

released gas or the external leakage can be reduced compared with a structure where

resin or the like is used.

[0 149]

When an adsorbate is present in the film formation chamber, the adsorbate does

not affect the pressure in the fi lm formation chamber because it is adsorbed onto an

inner wall or the like; however, the adsorbate causes gas to be released when the inside

of the film formation chamber is evacuated. Therefore, although there is no

correlation between the leakage rate and the evacuation rate, it is important that the

adsorbate present in the film formation chamber be desorbed as much as possible and

evacuation be performed in advance with the use of a pump with high evacuation

capability. Note that the film formation chamber may be subjected to baking to

promote desorption of the adsorbate. By the baking, the desorption rate of the

adsorbate can be increased about tenfold. The baking can be performed at a

temperature in the range of 100 °C to 450 °C. At this time, when the adsorbate is

removed whi le an inert gas is introduced to the film formation chamber, the desorption

rate of water or the like, which is difficult to be desorbed simply by evacuation, can be

further increased. Note that when the inert gas wh ich is introduced is heated to



substantial ly the same temperature as the baking temperature of the film formation

chamber, the desorption rate of the adsorbate can be further increased . Here, a rare gas

is preferably used as an inert gas. Depending on the kind of a film to be formed,

oxygen or the like may be used instead of an inert gas. For example, in the case of

form ing an oxide semiconductor layer, the use of oxygen which is the main component

of the oxide semiconductor layer is preferable in some cases.

[0 150]

Alternatively, treatment for evacuating the inside of the f ilm formation

chamber is preferably performed a certain period of time after heated oxygen, a heated

inert gas such as a heated rare gas, or the like is introduced to increase a pressure in the

film formation chamber. The introduction of the heated gas can desorb the adsorbate

in the fi lm formation chamber, and the impurities present in the film formation cham ber

can be reduced. Note that an advantageous effect can be ach ieved when this treatment

is repeated more than or equal to twice and less than or equal to 30 times, preferably

more than or equal to 5 times and less than or equal to 15 times. Specifical ly, an inert

gas, oxygen, or the like with a temperature higher than or equal to 40 °C and lower than

or equal to 400 °C, preferably higher than or equal to 50 °C and lower than or equal to

200 °C is introduced to the film formation chamber, so that the pressure therein can be

kept to be greater than or equal to 0.1 Pa and less than or equal to 10 kPa, preferably

greater than or equal to 1 Pa and less than or equal to 1 kPa, more preferably greater

than or equal to 5 Pa and less than or equal to 100 Pa in the time range of 1 minute to

300 minutes, preferably 5 minutes to 120 minutes. After that, the inside of the fi lm

formation chamber is evacuated in the time range of 5 minutes to 300 minutes,

preferably 10 minutes to 20 m inutes.

[0 15 1]

The desorption rate of the adsorbate can be further increased also by dummy

film formation. Here, the dummy film formation refers to film formation on a dummy

substrate by a sputtering method or the like, in which a film is deposited on the dummy

substrate and the inner wai l of the film formation chamber so that impurities in the film

formation chamber and an adsorbate on the inner wall of the film formation chamber are

con fined in the film. For the dummy substrate, a substrate wh ich releases a smal ler



amount of gas is preferably used and for example, a substrate sim ilar to a substrate 100

which is to be described later may be used . By perform ing dummy f ilm formation, the

concentration of impurities in a fi lm which w il l be formed later can be reduced. Note

that the dummy film formation may be performed at the same time as the baking of the

film formation chamber.

[0 1 2]

FIG. I2B illustrates a multi-chamber film formation apparatus whose structure

is different from that illustrated in FIG. 2A. The fi lm formation apparatus includes a

substrate supply chamber 2 1 provided with a cassette port 24, a transfer chamber 23, a

substrate heating chamber 25, a f lm formation chamber 20a, a film formation chamber

20b, a film formation chamber 20c, and a film formation chamber 20d. The substrate

supply chamber 2 1, the substrate heating chamber 25, the film formation chamber 20a,

the fi lm formation chamber 20b, the fi lm formation chamber 20c, and the fi m

formation cham ber 20d are connected to one another through the transfer chamber 23 .

Gate valves are provided for connecting portions between chambers so that each

chamber can be independently kept under vacuum . Note that the film formation

chambers 20a, 20b, 20c, and 20d have structures simi lar to those o f the film formation

chambers 10a, 10b, and 10c in FIG. 2A. The substrate heating chamber 25 has a

structure simi lar to that of the substrate heating chamber 15 in FIG. 2A. A substrate is

transferred in only one direction indicated by arrows in F G. 12B, and an inlet and an

outlet for the substrate are different.

[0 153]

When an oxide sem iconductor layer is formed with the use of the above fi m

formation apparatus, the entry of impurities into the oxide sem iconductor layer can be

suppressed. Further, when a film in contact with the oxide sem iconductor layer is

formed with the use of the above film formation apparatus, the entry of impurities into

the oxide semiconductor layer from the fi lm in contact therewith can be suppressed.

[0 54]

Next, a method for forming a CAAC-OS with the use of the above film

formation apparatus will be described.

[0 155]

The surface temperature of the target is set to be lower than or equal to 00 °C,



preferably lower than or equal to 50 °C. more preferably about room temperature

(typically, 20 °C or 25 °C). In a sputtering apparatus for a large substrate, a large

target is often used. However, it is difficult to form a target for a large substrate

without a juncture. In fact, a plurality of targets are arranged so that there is as little

space as possible therebetween to obtain a large shape; however, a slight space is

inevitably generated. When the surface temperature of the target increases, in some

cases, Zn or the like is volatilized from such a slight space and the space might be

expanded gradually. When the space expands, a metal of a backing plate or a metal

used for adhesion might be sputtered and might cause an increase in impurity

concentration. Thus, it is preferable that the target be cooled sufficiently.

[01 56]

Specifically, for the backing plate, a metal having high conductivity and a high

heat dissipation property (specifically Cu) is used. The target can be cooled efficiently

by making a sufficient amount of cooling water flow through a water channel which is

formed in the backing plate. Here, the sufficient amount of cooling water, which

depends on the size of the target, is set to be greater than or equal to 3 L/min, greater

than or equal to 5 L/min, or greater than or equal to 10 L/min in the case of, for example,

a circular target whose diameter is 300 mm.

[01 57]

The CAAC-OS is formed in an oxygen gas atmosphere with a substrate heating

temperature higher than or equal to 100 °C and lower than or equal to 600 °C,

preferably higher than or equal to 150 °C and lower than or equal to 550 °C, more

preferably higher than or equal to 200 °C and lower than or equal to 500 °C. The

thickness of the CAAC-OS is greater than or equal to 1 nm and less than or equal to 40

nm, preferably greater than or equal to 3 nm and less than or equal to 20 nm. As the

substrate heating temperature at the time of the film formation is higher, the

concentration of impurities in the obtained CAAC-OS is lower. Further, migration of

sputtered particles on a deposition surface is likely to occur; therefore, the atomic

arrangement is ordered and the density is increased, so that a CAAC-OS with a high

degree of crystallinity is formed easily. Furthermore, when the film formation is

performed in an oxygen gas atmosphere, plasma damage is alleviated and a surplus



atom such as a rare gas atom is not contained in the CAAC-OS. whereby a CAAC-OS

with a high degree of crystal nity is formed easily. Note that the film formation may

be performed in a mixed atmosphere including an oxygen gas and a rare gas. In that

case, the percentage of an oxygen gas is set to be greater than or equal to 30 vol.%,

preferably greater than or equal to 50 vol.%, more preferably greater than or equal to 80

vol.%, still more preferably 100 vol.%.

[01 58]

Note that in the case where the target includes Zn, plasma damage is alleviated

by the film formation in an oxygen gas atmosphere; thus, a CAAC-OS in which Zn is

unlikely to be volatilized can be obtained.

[01 59]

The CAAC-OS is formed under conditions in which the film formation

pressure is set to be less than or equal to 0.8 Pa, preferably less than or equal to 0.4 Pa,

and the distance between the target and a substrate is set to be less than or equal to 40

mm. preferably less than or equal to 25 mm. When the CAAC-OS is formed under

such a condition, the frequency of the collision between a sputtered particle and another

sputtered particle, a gas molecule, or an ion can be reduced. That is, depending on the

film formation pressure, the distance between the target and the substrate is made

shorter than the mean free path of a sputtered particle, a gas molecule, or an ion, so that

the concentration of impurities entering the film can be reduced.

[01 60]

For example, when the pressure is set to be 0.4 Pa and the temperature is set to

be 25 °C (the absolute temperature is 298 ), a hydrogen molecule (H2) has a mean free

path of 48.7 mm, a helium atom (He) has a mean free path of 57.9 mm, a water

molecule (H20 ) has a mean free path of 3 .3 mm, a methane molecule (C 4) has a

mean free path of 13.2 mm, a neon atom (Ne) has a mean free path of 42.3 mm, a

nitrogen molecule (N2) has a mean free path of 23.2 mm, a carbon monoxide molecule

(CO) has a mean free path of 16.0 mm, an oxygen molecule (0 2) has a mean free path

of 26.4 mm, an argon atom (Ar) has a mean free path of 28.3 mm, a carbon dioxide

molecule (C0 2) has a mean free path of 0.9 mm, a krypton atom (Kr) has a mean free

path o f 13.4 mm, and a xenon atom (Xe) has a mean free path of 9.6 mm. Note that



doubling of the pressure halves a mean free path and doubling of the absolute

temperature doubles a mean free path.

[01 6 1]

The mean free path depends on pressure, temperature, and the diameter of a

molecule (atom). In the case where pressure and temperature are constant, as the

diameter of a molecule (atom) is larger, the mean free path is shorter. Note that the

diameters of the molecules (atoms) are as follows: H2: 0.2 18 nm; He: 0.200 nm; H2O:

0.272 nm; CH : 0.419 nm; Ne: 0.234 nm; N2: 0.3 6 nm; CO: 0.380 nm; 0 : 0.296 nm;

Ar: 0.286 nm; C0 2: 0.460 nm; r: 0.415 nm; and Xe: 0.491 nm.

[01 62]

Thus, as the diameter of a molecule (atom) is larger, the mean free path is

shorter and the degree of crystallinity is lowered due to the large diameter of the

molecule (atom) when the molecule (atom) enters the film. For this reason, it can be

said that, for example, a molecule (atom) whose diameter is larger than that of Ar is

likely to behave as an impurity.

[01 63]

Next, heat treatment is performed. The heat treatment is performed under

reduced pressure or in an inert atmosphere or an oxidation atmosphere. By the heat

treatment, the concentration of impurities in the CAAC-OS can be reduced.

[0164]

The heat treatment is preferably performed in a manner such that after heat

treatment is performed under reduced pressure or in an inert atmosphere, the

atmosphere is switched to an oxidation atmosphere with the temperature maintained and

heat treatment is further performed. When the heat treatment is performed under

reduced pressure or in an inert atmosphere, the concentration of impurities in the

CAAC-OS can be reduced; however, oxygen vacancies are caused at the same time.

By the heat treatment in an oxidation atmosphere, the caused oxygen vacancies can be

reduced.

[01 65]

When heat treatment is performed on the CAAC-OS in addition to the substrate

heating at the time of the film formation, the concentration of impurities in the film can

be reduced.



[0166]

Specifically, the concentration of hydrogen in the CAAC-OS, which is

measured by SIMS, can be set to be lower than or equal to 2 x 10 20 atoms/cm ,

preferably lower than or equal to 5 x lO19 atoms/cm J, more preferably lower than or

equal to x l O 9 atoms/cm 3, still more preferably lower than or equal to 5 x lO 8

atoms/cm

[0167]

The concentration of nitrogen in the CAAC-OS, which is measured by SIMS,

can be set to be lower than 5 x l O 9 atoms/cm 3, preferably lower than or equal to 5 x

10 18 atoms/cm , more preferably lower than or equal to 1 x l O 8 atoms/cm , still more

preferably lower than or equal to 5 x 0 17 atoms/cm 3.

[0168]

The concentration of carbon in the CAAC-OS, which is measured by SIMS,

can be set to be lower than 5 x 10 9 atoms/cm ', preferably lower than or equal to 5 x

0 I atoms/cm^, more preferably lower than or equal to I x O 8 atoms/cm J , still more

7 3preferably lower than or equal to 5 x 10 atoms/cm .

[0169]

The amount of each of the following gas molecules (atoms) released from the

CAAC-OS can be less than or equal to 1 x 10 7cm , preferably less than or equal to 1 x

10 , /cm , which is measured by TDS analysis: a gas molecule (atom) having a

mass-to-charge ratio {mlz) of 2 (e.g., hydrogen molecule), a gas molecule (atom) having

a mass-to-charge ratio {mlz) of 18, a gas molecule (atom) having a mass-to-charge ratio

{mlz) of 28, and a gas molecule (atom) having a mass-to-charge ratio {mlz) of 44.

[0 70]

A measurement method of the amount of released oxygen atoms, which will be

described later, is referred to for a measurement method of the release amount using

TDS analysis.

[01 71]

In the above manner, a CAAC-OS with a high degree of crystallinity can be

formed.

[0172]



A transistor including the multi-layer f i lm 106 w il l be described below.

[0 173]

Here a bottom-gate top-contact (BGTC) transistor, wh ich is one kind of

bottom-gate transistor, is described with reference to FIGS. 16A to 1 D.

[0 174]

FIGS. 6A to 16D are a top view and cross-sectional views of the BGTC

transistor. FIG. 6A is the top view of the transistor. FIG. 16B is the cross-sectional

view taken along dashed-dotted line A 1-A2 in FIG. 16A. FIG. 16C is the

cross-sectional view taken along dashed-dotted line A3-A4 in FIG. 16A.

[0 175]

The transistor illustrated in FIG. 16B includes a gate electrode 104 over the

substrate 100: a gate insulating film 112 over the gate electrode 104; the multi-layer

film 106 incl ud ing the oxide layer 106a over the gate insu lating f ilm 12, the oxide

sem iconductor layer 106b over the oxide layer 06a, and the ox ide layer 106c over the

oxide sem iconductor layer 106b; a sou rce electrode 116a and a drain electrode 16b

over the gate insu lating film 112 and the mu lti-layer film 06; and a protective

insu lating f lm 118 over the multi-layer fi lm 06, the source electrode 16a, and the

drain electrode 1 6b.

[0 76]

The source electrode 116a and the drain electrode 116b are in contact with side

edges of the oxide sem iconductor layer 106b.

[0 177]

Further, as illustrated in FIG. 16B, oxygen is taken away from part of the oxide

layer 06c depending on the kind of conductive f lm used for the source electrode 116a

and the drain electrode 1 6b so that a source region 106d and a drain region 106e are

formed.

[0 178]

In FIG. 16A, the distance between the source electrode 16a and the drain

electrode 116b in a region of the multi-layer film 106 overlapping with the gate

electrode 04 is referred to as a channel length. Note that in the case where the

transistor incl udes the source region 106d and the drain region 06e, the distance

between the source region 106d and the drain region 106e in the region overlapping



with the gate electrode 104 may be referred to as a channel length.

[0 79]

Note that a channel formation region refers to a region which overlaps with the

gate electrode 04 and is located between the source electrode 6a and the drain

electrode 116b when seen from above in the mu lti-layer film 106 (see FIG. 16B).

Further, a channel refers to a region through which current mainly flows in the channel

formation region. Here, the channel refers to a portion of the oxide sem iconductor

layer 106b in the channel formation region.

[0 180]

The multi-layer film 106, and the oxide layer 106a, the oxide sem iconductor

layer 106b, and the oxide layer 106c in the multi-layer film 106 wil l be described below.

Note that the description in another section can be referred to for the mu lti-layer film

106.

[0 18 ]

The oxide layer 106a contains one or more kinds of metal elements contained

in the oxide sem iconductor layer 106b. The energy at the bottom of the cond uction

band of the oxide layer 106a is located closer to the vacuum level than that of the oxide

sem iconductor layer 106b by 0.05 eV or more, 0.07 eV or more, 0. 1 eV or more, or 0. 15

eV or more and 2 eV or less, 1 eV or less, 0.5 eV or less, or 0.4 eV or less. Note that

the oxide sem iconductor layer 106b preferably contains at least indium in order that the

carrier mobi lity is high. When an electric field is applied to the gate electrode 104 at

this time, a channel is formed in the oxide sem iconductor layer 106b of the multi-layer

film 106, whose energy at the bottom of the conduction band is low. That is, the oxide

layer 106a is formed between the oxide semiconductor layer 106b and the gate

insulating film 12, whereby a channel of the transistor can be formed in the oxide

semiconductor layer 106b which is not in contact with the gate insulating film 12.

Further, since the oxide layer 106a contains one or more kinds of elements contained in

the oxide semiconductor layer 106b, interface scattering is unlikely to occur at the

interface between the oxide semiconductor layer 106b and the oxide layer 106a. Thus,

the transistor can have a high field-effect mobil ity because the movement of carriers is

not hindered at the interface.

[0 182]



The oxide layer 106a may contain, for exam ple, alum inum, sil icon, titan ium,

gal lium, german ium, yttri um, zirconium, tin, lanthanum, cerium, or hafnium at a higher

atom ic ratio than the oxide sem iconductor layer 06b. Specifical ly, the amount of any

of the above elements in the oxide layer 106a in an atomic ratio is 1.5 times or more,

preferably twice or more, more preferably three times or more as much as that in the

oxide semiconductor layer 06b in an atom ic ratio. Any of the above elements is

strongly bonded to oxygen and thus has a function of suppressing generation of an

oxygen vacancy in the oxide layer 106a. That is, an oxygen vacancy is more un likely

to be generated in the oxide layer 106a than in the oxide semiconductor layer 106b.

[0 183]

Alternatively, when each of the oxide layer 106a and the oxide sem iconductor

layer 106b is an n- -Zn oxide and the oxide layer 106a and the oxide sem iconductor

layer 106b contain In, M, and Zn at an atom ic ratio of : ■ : and an atom ic ratio of

xr.y .z respective ly, y\lx\ needs to be larger than y - x - Note that the element M is a

metal element whose bond ing strength to oxygen is larger than that of In, and A l, Ti, Ga,

Y, Zr, Sn, La, Ce, Nd, and Hf can be given as examples. Preferably, the oxide layer

106a and the oxide sem iconductor layer 106b in wh ich y\lx\ is 1.5 times or more as

large as are selected. More preferably, the oxide layer 106a and the oxide

semiconductor layer 106b in which y\lx\ is twice or more as large as y are selected.

Sti ll more preferably, the oxide layer 106a and the oxide sem iconductor layer 106b in

which y \lx \ is three times or more as large as y lx are selected. Here, in the oxide

semiconductor layer 106b, y \ is preferably larger than or equal to x \ because the

transistor can have stable electrical characteristics. However, when is three times or

more as large as x \, the field-effect mobil ity of the transistor is reduced; accordingly, y

is preferably equal to x \ or smaller than three times x \.

[01 84]

The th ickness of the oxide layer 106a is greater than or equal to 3 nm and less

than or equal to 00 nm, preferably greater than or equal to 3 nm and less than or equal

to 50 nm. The thickness of the oxide semiconductor layer 106b is greater than or equal

to 3 nm and less than or equal to 200 nm, preferably greater than or equal to 3 nm and

less than or equal to 100 nm, more preferably greater than or equal to 3 nm and less than

or equal to 50 nm.



[01 85]

The oxide layer 106c contains one or more kinds of metal elements contained

in the oxide semiconductor layer 106b. The energy at the bottom of the conduction

band of the oxide layer 06c- is located closer to the vacuum level than that of the oxide

semiconductor layer 06b by 0.05 eV or more, 0.07 eV or more, 0. 1 eV or more, or 0. 15

eV or more and 2 eV or less, 1 eV or less, 0.5 eV or less, or 0.4 eV or less. Since the

oxide layer 106c contains one or more kinds of elements contained in the oxide

semiconductor layer 06b, an interface level is unlikely to be formed at the interface

between the oxide semiconductor layer 106b and the oxide layer 106c. When the

interface has an interface level, in some cases, a second transistor in which the interface

serves as a channel and which has a different threshold voltage is formed; accordingly,

the apparent threshold voltage of the transistor is changed. Thus, with the oxide layer

106c, fluctuation in electrical characteristics of the transistors, such as a threshold

voltage, can be reduced.

[01 86]

For example, the oxide layer 106c may contain, for example, aluminum, silicon,

titanium, gallium germanium, yttrium, zirconium, tin, lanthanum, cerium, or hafnium at

a higher atomic ratio than the oxide semiconductor layer 106b. Specifically, the

amount of any of the above elements in the oxide layer 106c in an atomic ratio is 1.5

times or more, preferably twice or more, more preferably three times or more as much

as that in the oxide semiconductor layer 106b in an atomic ratio. Any of the above

elements is strongly bonded to oxygen and thus has a function of suppressing generation

of an oxygen vacancy in the oxide layer 106c. That is, an oxygen vacancy is more

unlikely to be generated in the oxide layer 106c than in the oxide semiconductor layer

06b.

[0187]

Further alternatively, when each of the oxide semiconductor layer 106b and the

oxide layer 106c is an \n-M-Zn oxide and the oxide semiconductor layer 106b and the

oxide layer 106c contain In, , and Zn at an atomic ratio χ '- and an atomic ratio

of x .y .zi respectively, x needs to be larger than Note that the element M is a

metal element whose bonding strength to oxygen is larger than that of In, and Al, Ti, Ga,

Y, Zr, Sn, La, Ce, Nd, and Hf can be given as examples. Preferably, the oxide



sem iconductor layer 106b and the oxide layer 106c in which /x is 1.5 times or more

as large as v2/x2 are selected . More preferably, the oxide sem iconductor layer 106b and

the oxide layer 106c in which is twice or more as large as y lx are selected. Sti ll

more preferably, the oxide sem iconductor layer 106b and the oxide layer 106c in which

is three times or more as large as y lx are selected. Here, in the oxide

sem iconductor layer 106b, v is preferably larger than or equal to 2 because the

transistor can have stable electrical characteristics. However, when v2 is three times or

more as large as X2, the field-effect mobil ity of the transistor is reduced; accordingly, y

is preferably equal to 2 or smaller than three times x .

[0 188]

The thickness of the oxide layer 106c is greater than or equal to 3 n and less

than or equal to 100 nm, preferably greater than or equal to 3 nm and less than or equal

to 50 nm .

[0 189]

Note that the oxide layer 106a, the oxide sem iconductor layer 106b, and the

oxide layer 106c have crystal lin ity. Preferably, the oxide layer 106a has a low degree

of crystal lin ity, the oxide sem iconductor layer 106b has a h igh degree of crystal lin ity,

and the oxide layer 06c has a low degree or high degree of crystallinity. When the

oxide semiconductor layer 106b in which a channel is formed has a high degree of

crystal linity, the transistor can have stable electrical characteristics.

[0 190]

Next, other structures of the transistor w il l be described.

[0 19 1]

There is no particular limitation on the substrate 00. For example, a glass

substrate, a ceramic substrate, a quartz substrate, or a sapphire substrate may be used as

the substrate 100. Alternatively, a single crystal sem iconductor substrate or a

polycrystalline sem iconductor substrate made of silicon, silicon carbide, or the like, a

compound sem iconductor substrate made of silicon germanium or the like, a

sil icon-on-insulator (SOI) substrate, or the like may be used as the substrate 100. Sti ll

alternatively, any of these substrates provided with a semiconductor element may be

used as the substrate 100.

[0 192]



In the case of using a large glass substrate such as the fifth generation ( 1000

m x 1200 mm or 1300 mm x 1500 mm); the sixth generation ( 1500 mm x 1800 mm):

the seventh generation ( 1870 mm x 2200 mm); the eighth generation (2200 mm x 2500

mm); the ninth generation (2400 mm x 2800 mm); or the tenth generation (2880 mm x

3 30 mm) as the substrate 00, microfabrication is sometimes difficu lt due to shrinkage

of the substrate 100, wh ich is caused by heat treatment or the like in the manufacturi ng

process of a semiconductor device. Therefore, in the case where the above-described

large glass substrate is used as the substrate 100, a substrate which is unl ikely to shrink

through the heat treatment is preferably used. For example, as the substrate 00, it is

possible to use a large glass substrate in which the amount of shrinkage after heat

treatment for one hour at 400 °C, preferably 450 °C, more preferably 500 °C is less than

or equal to 10 ppm, preferably less than or equal to 5 ppm, more preferably less than or

equal to 3 ppm.

[0 3]

Further alternatively, a flexi ble substrate may be used as the substrate 100. As

the method for prov id ing a transistor over a flexible substrate, there is also a method in

which a transistor is formed over a non-flexible substrate, and then, the transistor is

separated from the non-flexible substrate and transferred to the substrate 00 which is a

flexible substrate. In that case, a separation layer is preferably provided between the

non-flexible substrate and the transistor.

[0 194]

The gate electrode 04 may be formed using a single layer or a stacked layer of

a conductive film containing one or more kinds of aluminum, titanium, chromium,

cobalt, nickel, copper, yttrium, zirconium, molybdenum, ruthenium, silver, tantalum,

and tungsten.

[0 195]

Note that the gate electrode 104 is provided such that the edge of the

multi-layer film 106 is located on the inner side than the edge of the gate electrode 104

as i llustrated in FIG. 16A. By provid ing the gate electrode 104 at such a position,

when light irradiation is performed from the substrate 100 side, generation of carriers in

the mu lti-layer film 106 due to light can be suppressed. Note that the edge of the



multi-layer film 106 may be located on the outer side than the edge of the gate electrode

04.

[01 96]

The gate insulating film 11 may be formed using a single layer or a stacked

layer of an insulating film containing one or more kinds of aluminum oxide, magnesium

oxide, silicon oxide, silicon oxynitride, silicon nitride oxide, silicon nitride, gallium

oxide, germanium oxide, yttrium oxide, zirconium oxide, lanthanum oxide, neodymium

oxide, hafnium oxide, and tantalum oxide.

[0197]

The gate insulating film 112 may be, for example, a multi-layer film including

a silicon nitride layer as a first layer and a silicon oxide layer as a second layer. In that

case, the silicon oxide layer may be a silicon oxynitride layer. In addition, the silicon

nitride layer may be a silicon nitride oxide layer. As the silicon oxide layer, a silicon

oxide layer whose defect density is low is preferably used. Specifically, a silicon oxide

layer whose spin density attributed to a signal with a g factor of 2.001 in electron spin

resonance (ESR) is less than or equal to 3 x 10 17 spins/cm , preferably less than or equal

to 5 x 10 16 spins/cm is used. As the silicon oxide layer, a silicon oxide layer having

excess oxygen is preferably used. As the silicon nitride layer, a silicon nitride layer

from which hydrogen and ammonia are less likely to be released is used. The amount

of discharge of hydrogen or ammonia may be measured by thermal desorption

spectroscopy (TDS).

[0198]

The source electrode 116a and the drain electrode 116b may be formed using a

single layer or a stacked layer of a conductive film containing one or more kinds of

aluminum, titanium, chromium, cobalt, nickel, copper, yttrium, zirconium, molybdenum,

ruthenium, silver, tantalum, and tungsten. Note that the source electrode 116a and the

drain electrode 6b may have the same composition or different compositions.

[0199]

The protective insulating film 118 may be formed using a single layer or a

stacked layer of an insulating film containing one or more kinds of aluminum oxide,

magnesium oxide, silicon oxide, silicon oxynitride, silicon nitride oxide, silicon nitride,



gal lium oxide, germanium oxide, yttrium oxide, zircon ium oxide, lanthanum oxide,

neodym ium oxide, hafnium oxide, and tantalum oxide.

[0200]

The protective insulating film 118 may be, for example, a mu lti-layer f lm

including a sil icon oxide layer as a first layer and a s ilicon nitride layer as a second layer.

In that case, the s ilicon oxide layer may be a s ilicon oxynitride layer. In addition, the

s ilicon nitride layer may be a sil icon nitride oxide layer. As the sil icon oxide layer, a

s ilicon oxide layer whose defect density is low is preferably used. Specifically, a

silicon oxide layer whose spin density attributed to a signal with a g factor of 2.00 1 in

ESR is less than or equal to 3 x 0 spins/cm J , preferably less than or equal to 5 x 101

spins/cm is used. As the silicon nitride layer, a si licon nitride layer from which

hydrogen and ammonia are less likely to be released is used. The amount of discharge

of hydrogen or ammonia may be measured by TDS. Further, as the s ilicon nitride

layer, a s ilicon nitride layer which does not transm it or hardly transm its oxygen is used.

[020 1]

Alternatively, the protective insu lating film 118 may be, for example, a

mu lti-layer fi lm including a first s ilicon oxide layer 118a as a first layer, a second

s ilicon oxide layer 118b as a second layer, and a sil icon nitride layer 118c as a third

layer (see FIG. 16D). In that case, the first sil icon oxide layer 8a and/or the second

sil icon oxide layer 118b may be a s ilicon oxynitride layer. In addition, the silicon

nitride layer may be a sil icon nitride oxide layer. As the first s ilicon oxide layer 118a,

a silicon oxide layer whose defect density is low is preferably used. Specifically, a

silicon oxide layer whose spin density attri buted to a signal with a g factor of 2.00 1 in

ESR is less than or equal to 3 x 10 7 spins/cm 3, preferably less than or equal to 5 x 1016

spins/cm 3 is used. As the second silicon oxide layer 18b, a silicon oxide layer having

excess oxygen is used. As the silicon nitride layer 118c, a silicon nitride layer from

which hydrogen and ammonia are less likely to be released is used. Further, as the

silicon nitride layer, a silicon nitride layer which does not transmit or hardly transmits

oxygen is used.

[0202]

The sil icon oxide layer having excess oxygen means a sil icon oxide layer from



which oxygen can be released by heat treatment or the like. When the above definition

of the silicon oxide layer is applied broadly to an insulating f lm, an insulating film

having excess oxygen means an insulating film from which oxygen is released by heat

treatment.

[0203]

Here, a film from which oxygen is released by heat treatment may release

3oxygen, the amount of which is higher than or equal to 1 x 10 atoms/cm , higher than

or equal to I x 10 1 atoms/cm , or higher than or equal to 1 x 1020 atoms/cm J in TDS

analysis (converted into the number of oxygen atoms).

[0204]

Here, the method of measuring the amount of released oxygen using TDS

analysis is described below.

[0205]

The total amount of released gas from a measurement sample in TDS analysis

is proportional to the integral value of the ion intensity of the released gas. Then,

comparison with a reference sample is made, whereby the total amount of released gas

can be calculated.

[0206]

For example, the number of released oxygen molecules (N02) from a

measurement sample can be calculated according to Formula 1 using the TDS results of

a silicon wafer containing hydrogen at a predetermined density, which is a reference

sample, and the TDS results of the measurement sample. Here, all gases having a

mass number of 32 which are obtained in the TDS analysis are assumed to originate

from an oxygen molecule. Note that CH3OH, which is a gas having a mass number of

32, is not taken into consideration because it is unlikely to be present. Further, an

oxygen molecule including an oxygen atom having a mass number of 17 or 18 which is

an isotope of an oxygen atom is also not taken into consideration because the proportion

of such a molecule in the natural world is minimal.

[0207]

[Formula 1]



2 - x S 0 2 x 2

[0208]

Here, 2 is the value obtained by conversion of the number of hydrogen

molecules desorbed from the reference sample into densities. In addition, S H2 is the

integral value of ion intensity in the TDS analysis of the reference sample. Here, the

reference value of the reference sample is expressed as 2 S 2- Further, S02 is the

integral value of ion intensity in the TDS analysis of the measurement sample, and a is

a coefficient affecting the ion intensity in the TDS analysis. Refer to Japanese

Published Patent Application No. H6-275697 for details of Formula 1. The amount of

released oxygen was measured with a thermal desorption spectroscopy apparatus

produced by ESCO Ltd., EMD-WA1000S/W using a silicon wafer containing hydrogen

atoms at 1 x lO' 6 atoms/cm 2 as the reference sample.

[0209]

Further, in the TDS analysis, part of oxygen is detected as an oxygen atom.

The ratio between oxygen molecules and oxygen atoms can be calculated from the

ionization rate of the oxygen molecules. Since the above a includes the ionization rate

of the oxygen molecules, the number of the released oxygen atoms can also be

estimated through the evaluation of the number of the released oxygen molecules.

[0210]

Here, 0 is the number of the released oxygen molecules. The amount of

released oxygen converted into oxygen atoms is twice the number of the released

oxygen molecules.

[021 1]

Further, the film from which oxygen is released by heat treatment may contain

a peroxide radical. Specifically, the spin density attributed to the peroxide radical is

greater than or equal to 5 x l O 7 spins/cm 3. Note that the film containing a peroxide

radical may have an asymmetric signal with a g factor of approximately 2.01 in ESR.

[02 12]

The insulating film containing excess oxygen may be oxygen-excess silicon



oxide (S iO.v (X > 2)). In the oxygen-excess s ilicon oxide (SiO.v (X > 2)), the num ber of

oxygen atoms per un it volume is more than twice the number of s ilicon atoms per un it

volume. The number of s ilicon atoms and the number of oxygen atoms per unit

volume are measured by Rutherford backscattering spectrometry (RBS).

[02 13]

In the case where at least one of the gate insu lating film 112 and the protective

insu lating film 118 is the insulating f ilm containing excess oxygen, oxygen vacancies in

the oxide sem iconductor layer 106b can be reduced .

[02 14 ]

In the above-described transistor, the channe l is formed in the oxide

sem iconductor layer 106b of the multi-layer film 106; thus, the transistor has stable

electrical characteristics and a high field-effect mobi lity.

[02 5]

Next, a method for manu facturing the transistor w ill be described with

reference to F GS. 17A to 7C and FIGS. 18A and 18B.

[02 6

First, the substrate 00 is prepared.

[02 17]

Then, a conductive film to be the gate electrode 104 is formed. The

conductive film to be the gate electrode 104 may be formed using any of the conductive

films given as examples of the gate electrode 104 by a sputtering method, a chem ical

vapor deposition (CVD) method, a molecu lar beam epitaxy (MBE) method, an atomic

layer deposition (ALD) method, or a pulsed laser deposition (PLD) method.

[02 18]

Next, the conductive film to be the gate electrode 04 is partly etched to form

the gate electrode 104 (see FIG. 17A).

[02 1 ]

Next, the gate insulating film 1 2 is formed (see FIG. 17B). The gate

insulating film 112 may be formed using any of the above insulating fi lms given as

examples of the gate insulating film 112 by a sputtering method, a CVD method, an

BE method, an ALD method, or a PLD method.

[0220]



Then, an oxide layer to be the oxide layer 106a is formed. The oxide layer to

be the oxide layer 06a may be formed using any of the above oxide layers given as

examples of the oxide layer 106a by a sputtering method, a CVD method, an MBE

method, an ALD method, or a PLD method.

[0221 ]

Next, an oxide semiconductor layer to be the oxide semiconductor layer 106b

is formed. For the method for forming the oxide semiconductor layer 106b, the

description in the above section is referred to.

[0222]

Then, an oxide layer to be the oxide layer 106c is formed. The oxide layer to

be the oxide layer 106c may be formed using any of the above oxide layers given as

examples of the oxide layer 106c by a sputtering method, a CVD method an MBE

method, an ALD method, or a PLD method.

[0223]

It is preferable that the oxide layer to be the oxide layer 106a, the oxide

semiconductor layer to be the oxide semiconductor layer 106b, and the oxide layer to be

the oxide layer 106c be successively formed without being exposed to the air in order

that impurities are less likely to be taken into each interface.

[0224]

Next, the oxide layer to be the oxide layer 106a, the oxide semiconductor layer

to be the oxide semiconductor layer 106b, and the oxide layer to be the oxide layer 106c

are partly etched to form the multi-layer film 106 including the oxide layer 106a, the

oxide semiconductor layer 106b, and the oxide layer 106c (see FIG. 7C).

[0225]

Next, first heat treatment is preferably performed. The first heat treatment is

performed at a temperature higher than or equal to 250 °C and lower than or equal to

650 °C, preferably higher than or equal to 300 °C and lower than or equal to 500 °C.

The first heat treatment is performed in an inert gas atmosphere, in an atmosphere

containing an oxidizing gas at 10 ppm or more, 1 % or more, or 10 % or more, or under

reduced pressure. Alternatively, the first heat treatment may be performed in such a

manner that heat treatment is performed in an inert gas atmosphere, and then another



heat treatment is performed in an atmosphere containing an oxidizing gas at 10 ppm or

more, 1 % or more, or 0 % or more in order to compensate desorbed oxygen. By the

first heat treatment, the crystal linity of the oxide semiconductor layer 106b can be

improved, and in addition, impurities such as hydrogen and water can be removed from

the gate insulating film 1 2 and/or the mu lti-layer f ilm 106.

[0226]

Then, a conductive fi lm to be the source electrode 116a and the drain electrode

16b is formed. The conductive film to be the source electrode 16a and the drain

electrode 116b may be formed using any of the above conductive films given as

examples of the source electrode 116a and the drain electrode 16b by a sputtering

method, a CVD method, an MBE method, an ALD method, or a PLD method .

[0227]

Next, the conductive film to be the source electrode 116a and the drain

electrode 16b is partly etched to form the source electrode 116a and the drain electrode

I 6b (see FIG. 18A).

[0228]

Next, second heat treatment is preferably performed . The description of the

first heat treatment can be referred to for the second heat treatment. By the second

heat treatment, impurities such as hydrogen and water can be removed from the

multi-layer film 106. Note that water is a compound containing hydrogen, and thus

might behave as an impurity in the oxide semiconductor layer 106b.

[0229]

Next, the protective insulating film 118 is formed (see FIG. 18B). The

protective insulating film 1 8 may be formed using any of the above insulating films

given as examples of the protective insulating film 118 by a sputtering method, a CVD

method, an MBE method, an ALD method, or a PLD method.

[0230]

Here, the case where the protective insulating film 118 has a three-layer

structure as illustrated in FIG. 16D is described. First, the first silicon oxide layer 18a

is formed. Next, the second s ilicon oxide layer 118b is formed. Then, treatment for

add ing oxygen ions to the second silicon oxide layer 18b is preferably performed.

The treatment for add ing oxygen ions may be performed with an ion doping apparatus



or a plasma treatment apparatus. As the ion doping apparatus, an ion doping apparatus

with a mass separation function may be used. As a source material of oxygen ions, an

oxygen gas such as ' θ or ' C>2, a nitrous oxide gas, an ozone gas, or the like may be

used. Then, the silicon nitride layer 1 8c is formed. In this manner, the protective

insulating film 118 may be formed.

[023 1]

Next, third heat treatment is preferably performed. The description of the first

heat treatment can be referred to for the third heat treatment. By the third heat

treatment, excess oxygen is released from the gate insulating film 112 and/or the

protective insulating film 18; thus, oxygen vacancies in the multi-layer film 106 can be

reduced. Note that in the multi-layer film 106, an oxygen vacancy captures an

adjacent oxygen atom, so that the oxygen vacancy seems to move. Therefore, excess

oxygen can reach the oxide semiconductor layer 106b through the oxide layer 106a or

the oxide layer 106c.

[0232]

n the above manner, the BGTC transistor can be manufactured.

[0233]

This transistor has stable electrical characteristics because oxygen vacancies in

the oxide semiconductor layer 106b of the multi-layer film 106 are reduced.

[0234]

In this section, a top-gate transistor will be described.

[0235]

Here, a top-gate top-contact (TGTC) transistor, which is one kind of top-gate

transistor, is described with reference to FIGS. 19A to 19C.

[0236]

FIGS. 19A to 19C are a top view and cross-sectional views of the TGTC

transistor. FIG. 19A is the top view of the transistor. FIG. 19B is the cross-sectional

view taken along dashed-dotted line B I-B2 in FIG. 19A. FIG. 19C is the

cross-sectional view taken along dashed-dotted line B3-B4 in FIG. 19A.

[0237]

The transistor illustrated in FIG. I9B includes a base insulating film 202 over a

substrate 200; a multi-layer film 206 including an oxide layer 206a over the base



insulating film 202, an oxide semiconductor layer 206b over the oxide layer 206a, and

an oxide layer 206c over the oxide semiconductor layer 206b; a source electrode 2 16a

and a drain electrode 2 b over the base insulating film 202 and the multi-layer f lm

206; a gate insulating film 212 over the multi-layer film 206, the source electrode 216a,

and the drain electrode 216b; a gate electrode 204 over the gate insulating f ilm 2 12; and

a protective insulating film 2 18 over the gate insulating film 2 12 and the gate electrode

204. Note that the transistor does not necessarily include the base insulating film 202

and/or the protective insulating film 2 18.

[0238]

The source electrode 216a and the drain electrode 216b are in contact with side

edges of the oxide semiconductor layer 206b.

[0239]

Further, as illustrated in FIG. 19B, oxygen is taken away from part of the oxide

layer 206c depending on the kind of conductive f lm used for the source electrode 2 16a

and the drain electrode 216b so that a source region and a drain region are formed.

[0240]

n FIG. 19A, the distance between the source electrode 2 16a and the drain

electrode 216b in a region of the multi-layer film 206 overlapping with the gate

electrode 204 is referred to as a channel length. Note that in the case where the

transistor includes the source region and the drain region, the distance between the

source region and the drain region in the region overlapping with the gate electrode 204

may be referred to as a channel length.

[0241]

Note that a channel formation region refers to a region which overlaps with the

gate electrode 204 and is located between the source electrode 216a and the drain

electrode 216b when seen from above in the multi-layer film 206. Further, a channel

refers to a region through which current mainly flows in the channel formation region.

Here, the channel refers to a portion of the oxide semiconductor layer 206b in the

channel formation region.

[0242]

For the multi-layer film 206, the description of the multi-layer film 106 is

referred to. Specifically, for the oxide layer 206a, the description of the oxide layer



06c is referred to; for the oxide sem iconductor layer 206b. the description of the oxide

sem iconductor layer 106b is referred to; and for the oxide layer 206c, the description of

the oxide layer 106a is referred to.

[0243]

For the substrate 200, the description of the substrate 100 is referred to. For

the source electrode 2 16a and the drain electrode 2 16b, the description of the source

electrode 16a and the drain electrode 116b is referred to. For the gate insulating fi lm

2 12, the description of the gate insulating f lm 112 is referred to. For the gate

electrode 204, the description of the gate electrode 104 is referred to. For the

protective insulating film 2 18, the description of the protective insu lating film 118 is

referred to.

[0244]

Although the edge of the multi-layer film 206 is located on the outer side than

the edge of the gate electrode 204 in FIG. 19A, the edge of the multi-layer film 206 may

be located on the inner side than the edge of the gate electrode 204 in order to suppress

generation of carriers in the mu lti-layer film 206 due to light.

[0245]

The base insulating film 202 may be formed using a single layer or a stacked

layer of an insulating film containing one or more kinds of aluminum oxide, magnesium

oxide, sil icon oxide, silicon oxynitride, s ilicon nitride oxide, s ilicon nitride, gallium

oxide, germanium oxide, yttrium oxide, zirconium oxide, lanthanum oxide, neodymium

oxide, hafnium oxide, and tantalum oxide.

[0246]

The base insulating film 202 may be, for example, a multi-layer film including

a silicon nitride layer as a first layer and a s ilicon oxide layer as a second layer. In that

case, the silicon oxide layer may be a silicon oxynitride layer. In addition, the sil icon

nitride layer may be a silicon nitride oxide layer. As the s ilicon oxide layer, a silicon

oxide layer whose defect density is low is preferably used. Specifically, a silicon oxide

layer whose spin density attributed to a signal with a g factor of 2.00 1 in ESR is less

than or equal to 3 x l O 7 spins/cm 3, preferably less than or equal to 5 x 10 6 spins/cm 3 is

used . As the silicon nitride layer, a silicon nitride layer from which hydrogen and

ammon ia are less likely to be released is used. The amount of discharge of hydrogen



or ammonia may be measured by TDS. Further, as the sil icon nitride layer, a s ilicon

nitride layer which does not transm it or hardly transm its oxygen is used .

[0247]

The base insu lating film 202 may be, for example, a multi-layer f lm includ ing

a s ilicon nitride layer as a first layer, a first s ilicon oxide layer as a second layer, and a

second s ilicon ox ide layer as a th ird layer. In that case, the first s ilicon oxide layer

and/or the second sil icon oxide layer may be a s ilicon oxyn itride layer. In addition, the

s ilicon nitride layer may be a sil icon nitride oxide layer. As the first s ilicon oxide layer,

a s ilicon oxide layer whose defect density is low is preferably used. Specifically, a

sil icon oxide layer whose spin density attributed to a signal with a g factor of 2.00 1 in

ESR is less than or equal to 3 x 1017 spins/cm J, preferably less than or equal to 5 χ 1016

spins/cm ' is used. As the second silicon oxide layer, a sil icon oxide layer having

excess oxygen is used. As the sil icon nitride layer, a sil icon nitride layer from which

hydrogen and ammon ia are less likely to be released is used. Further, as the s ilicon

nitride layer, a s ilicon nitride layer wh ich does not transm it or hard ly transm its oxygen

is used .

[0248]

In the case where at least one of the gate insulating film 2 2 and the base

insu lating film 202 is the insulating film containing excess oxygen, oxygen vacancies in

the oxide semiconductor layer 206b can be reduced.

[0249]

In the above-described transistor, the channel is formed in the oxide

sem iconductor layer 206b of the multi-layer film 206; thus, the transistor has stable

electrical characteristics and a high field-effect mobi lity.

[0250]

Next, a method for manufacturing the transistor will be described with

reference to FIGS. 20A to 20C and FIGS. 2 A and 2 B.

[025 1]

First, the substrate 200 is prepared.

[0252]

Next, an oxide layer to be the oxide layer 206a is formed. For the method for

forming the oxide layer to be the oxide layer 206a, the description of the method for



forming the oxide layer to be the oxide layer 106c is referred to.

[0253]

Next, an oxide semiconductor layer to be the oxide semiconductor layer 206b

is formed. For the method for forming the oxide semiconductor layer to be the oxide

semiconductor layer 206b. the description of the method for forming the oxide

semiconductor layer to be the oxide semiconductor layer 106b is referred to.

[0254]

Then, an oxide layer to be the oxide layer 206c is formed. For the method for

forming the oxide layer to be the oxide layer 206c, the description of the method for

forming the oxide layer to be the oxide layer 106a is referred to.

[0255]

Next, first heat treatment is preferably performed. The first heat treatment is

performed at a temperature higher than or equal to 250 °C and lower than or equal to

650 °C, preferably higher than or equal to 300 °C and lower than or equal to 500 °C.

The first heat treatment is performed in an inert gas atmosphere, in an atmosphere

containing an oxidizing gas at 10 ppm or more, preferably 1 % or more, further

preferably 10 % or more, or under reduced pressure. Alternatively, the first heat

treatment may be performed in such a manner that heat treatment is performed in an

inert gas atmosphere, and then another heat treatment is performed in an atmosphere

containing an oxidizing gas at 10 ppm or more, preferably 1 % or more, further

preferably 10 % or more in order to compensate desorbed oxygen. By the first heat

treatment, the crystallinity of the oxide semiconductor layer to be the oxide

semiconductor layer 206b can be improved, and in addition, impurities such as

hydrogen and water can be removed from the base insulating film 202, the oxide layer

to be the oxide layer 206a, the oxide semiconductor layer to be the oxide semiconductor

layer 206b, and/or the oxide layer to be the oxide layer 206c.

[0256]

Next, the oxide layer to be the oxide layer 206a, the oxide semiconductor layer

to be the oxide semiconductor layer 206b, and the oxide layer to be the oxide layer 206c

are partly etched to form the multi-layer film 206 including the oxide layer 206a, the

oxide semiconductor layer 206b, and the oxide layer 206c (see FIG. 20A).



[0257]

Then, a conductive film to be the source electrode 2 16a and the drain electrode

2 16b is formed. For the method for forming the conductive film to be the source

electrode 2 16a and the drain electrode 2 16b, the description of the method for forming

the conductive film to be the source electrode 116a and the drain electrode 1 6b is

referred to.

[0258]

Next, the conductive film to be the source electrode 2 6a and the drain

electrode 216b is partly etched to form the source electrode 216a and the drain electrode

2 16b (see FIG. 20B).

[0259]

Next, second heat treatment is preferably performed. The description of the

first heat treatment can be referred to for the second heat treatment. By the second

heat treatment, impurities such as hydrogen and water can be removed from the

multi-layer film 206.

[0260]

Next, the gate insulating film 2 2 is formed (see FIG. 20C). For the method

for forming the gate insulating f lm 2 12, the description of the method for forming the

gate insulating film 1 2 is referred to.

[0261]

Next, a conductive film to be the gate electrode 204 is formed. For the

method for forming the conductive film to be the gate electrode 204, the description of

the method for forming the conductive film to be the gate electrode 104 is referred to.

[0262]

Next, the conductive film to be the gate electrode 204 is partly etched to form

the gate electrode 204 (see FIG. 2 1A).

[0263]

Next, the protective insulating film 218 is formed (see FIG. 2 B). For the

method for forming the protective insulating film 218, the description of the method for

forming the protective insulating film 118 is referred to.

[0264]

n the above manner, the transistor can be manufactured.



[0265]

Th is transistor has stable electrical characteristics because oxygen vacancies in

the oxide semiconductor layer 206b of the multi-layer fi lm 206 are reduced.

[0266]

A transistor disclosed in this specification can be appl ied to a variety of

electronic deices (including game mach ines). Examples of the electron ic dev ices

include display devices of televisions, monitors, and the like, lighting dev ices, desktop

personal computers and notebook personal computers, word processors, image

reproduction devices which reproduce still images or moving images stored in recording

media such as digital versatile discs (DVDs), portable compact disc (CD) players, radio

receivers, tape recorders, headphone stereos, stereos, cordless phone handsets,

transceivers, mobi le phones, car phones, portable game machines, calculators, portable

information term inals, electron ic notebooks, e-book readers, electron ic translators,

aud io input devices, cameras such as v ideo cameras and d igital sti l l cameras, electric

shavers, C ch ips, high-frequency heating appl iances such as microwave ovens, electric

rice cookers, electric wash ing machines, electric vacuum cleaners, air-cond ition ing

systems such as air conditioners, dishwashers, d ish dryers, clothes dryers, futon dryers,

electric refrigerators, electric freezers, electric refrigerator-freezers, freezers for

preserving DNA, radiation counters, and med ical equipment such as dialyzers. In

addition, the examples include alarm dev ices such as smoke detectors, gas alarm

devices, and security alarm devices. Further, the examples also include industrial

equipment such as guide lights, traffic lights, belt conveyors, elevators, escalators,

industrial robots, and power storage systems. In add ition, moving objects and the like

driven by oil engines and electric motors using power from non-aqueous secondary

batteries are also included in the category of electronic devices. Examples of the

moving objects include electric vehicles (EV), hybrid electric vehicles (HEV) which

include both an internal-combustion engine and a motor, plug-in hybrid electric vehicles

(PHEV), tracked vehicles in which caterpillar tracks are substituted for wheels of these

vehicles, motorized bicycles including motor-assisted bicycles, motorcycles, electric

wheelchairs, golf carts, boats or sh ips, submarines, hel icopters, aircrafts, rockets,

artificial satel lites, space probes, planetary probes, and spacecrafts. Specific examples

of these electron ic devices are illustrated in FIGS. 22A to 22C, FIG. 23, FIGS. 24A to



24 FIG. 25 , FIG. 26, FIG. 27. FIG. 28, FIG. 29, and FIGS. 30A to 30D.

[0267]

In th is section, the structure of a liquid crystal display dev ice w ill be described.

[0268]

FIG. 22A illustrates an example of a liquid crystal d isplay device. The display

dev ice in FIG. 22A includes a pixel portion 700, a scan line driver circuit 704, a signal

line driver circuit 706, . scan lines 707 which are arranged in paral lel or substantially in

paral lel and whose potentials are controlled by the scan line driver circuit 704, and n

signal lines 709 which are arranged in parallel or substantial ly in parallel and whose

potentials are controlled by the signal line driver circuit 706. Further, the pixel portion

700 includes a plurality of pixels 701 arranged in a matrix. Furthermore, capacitor

lines 7 15 arranged in paral lel or substantially in paral lel are provided along the scan

lines 707. Note that the capacitor lines 7 15 may be arranged in parallel or

substantial y in parallel along the signal lines 709.

[0269]

Each scan line 707 is electrical ly connected to the n pixels 70 1 in the

corresponding row among the pixels 70 1 arranged in m rows and n columns in the pixel

portion 700. Each signal line 709 is electrically connected to the m pixels 70 1 in the

corresponding column among the pixels 70 1 arranged in m rows and n columns. Note

that m and n are each an integer of 1 or more. Note that in the case where the capacitor

lines 7 5 are arranged in paral lel or substantial ly in paral lel along the signal lines 709,

each capacitor line 7 15 is electrically connected to the m pixels 70 1 in the

corresponding column among the pixels 70 1 arranged in m rows and n columns.

[0270]

Since the transistor is easily broken owing to static electricity or the like, a

protective circuit for protecting the driver circuit such as the scan line driver circuit 704

or the signal line driver circuit 706 is preferably provided. The protective circuit is

provided between the scan line driver circuit 704 and an external input terminal

connected to an FPC or the like or between the signal line driver circuit 706 and the

external input term inal. The protective circuit is preferably formed using a nonlinear

element.

[027 ]



FIG. 22B is an example of a circuit d iagram of the pixel 70 1 included in the

display device illustrated in FIG. 22A. The pixel 70 1 illustrated in FIG. 22B includes a

transistor 703, a capacitor 705, and a liqu id crystal element 708.

[0272]

One electrode of the capacitor 705 is electrically connected to a drain electrode

of the transistor 703 and a pixel electrode 72 1, and the other electrode of the capacitor

705 is electrical ly connected to the capacitor line 7 15 for supplying a constant potential .

FIG. 22B is a circu it diagram in the case where the other electrode of the capacitor 705

has high conductivity. On the other hand, FIG. 22C is a circuit diagram in the case

where the other electrode of the capacitor 705 has low conductivity.

[0273]

In the capacitor 705 illustrated in FIG. 22C, a multi-layer fi lm 7 9 has the same

layered structure as the multi-layer fi lm 106 used in the transistor 703 . The multi-layer

f ilm 7 19 functions as an electrode when a potential appl ied to the multi-layer film 7 19 is

control led so that current flows therethrough. The pixel e lectrode 72 1 serves as the

other electrode of the capacitor 705 . Thus, the capacitor 705 can be regarded as a

metal oxide semiconductor (MOS) capacitor.

[0274]

The liquid crystal element 708 is an element which controls transmission of

light by an optical modulation action of liquid crystal wh ich is sandwiched between a

substrate provided with the transistor 703 and the pixel electrode 72 1 and a substrate

provided with a counter electrode. The counter electrode is electrical ly connected to a

wiring 755 . The optical modulation action of liquid crystal is controlled by an electric

field appl ied to the liquid crystal (including a horizontal electric field, a vertical electric

field, and a diagonal electric field).

[0275]

Next, a specific example of the pixel 70 1 of the liquid crystal display device

w ill be described. FIG. 23 is a top view of the pixel 70 1. Note that the counter

electrode and the liquid crystal element are not illustrated in FIG. 23.

[0276]

The transistor 703 is provided in a region where the scan line 707 and the

signal line 709 cross each other. The transistor 703 includes a gate electrode, a gate



insulating f ilm (not illustrated in FIG. 23) over the gate electrode, and the multi- layer

film 106 includ ing an oxide semiconductor layer over the gate insulating fi lm . A

region of the scan line 707 which overlaps with the mu lti-layer film 106 functions as the

gate electrode of the transistor 703 . Further, in FIG. 23, an edge of the scan line 707 is

on the outer side than an edge of the multi-layer fil m 106 when seen from above. Thus,

the scan line 707 functions as a light-blocking fi lm for blocking light from a backl ight.

For this reason, the multi-layer film 106 inc luding an oxide semiconductor layer which

is included in the transistor 703 is not irradiated with light, so that variation in the

electrical characteristics of the transistor 703 can be reduced.

[0277]

The drain electrode 6b is electrical ly connected to the light-transm itting pixel

electrode 7 through an opening 7 17. Thus, the light-transmitting pixel electrode 72 1

is electrically connected to the transistor 703 .

[0278]

The capac itor 705 is provided in a region wh ich is in the pixel 70 1 and

surrounded by the capacitor lines 7 15 and the signal lines 709. The capacitor 705 is

electrically connected to the capacitor line 7 15 through a conductive f ilm 725 prov ided

in an opening 723 . Note that the capacitor 705 has a light-transm itting property.

Thus, the capacitor 705 can be formed large (in a large area) in the pixel 70 1. This

enables the display device to have a higher aperture ratio and higher charge capacity.

[0279]

For example, in a high-definition display device such as a liquid crystal display

device, the area of a pixel is smal l and thus the area of a capacitor is also smal l. For

this reason, the capacity of charge accumulated in the capacitor 705 is small in a

high-defin ition display device. However, by providing the capacitor 705 having a

light-transmitting property in each pixel, the capacity of charge in each pixel can be

sufficiently obtained and the aperture ratio can be improved even in a high-definition

display device with a pixel density of 200 ppi or more, further 300 ppi or more.

[0280]

FIG. 24A is a cross-sectional view taken along dashed-dotted lines A 1-A2 and

B 1-B2 in FIG. 23 .

[028 1]



The scan line 707 includ ing the gate electrode 104 of the transistor 703 and the

capacitor line 715 over the same surface as the scan line 707 are provided over the

substrate 100.

[0282]

As the substrate 100, a light-transmitting substrate such as a glass substrate or a

plastic substrate is used.

[0283]

The gate insulating film 1 2 is provided over the scan line 707 and the

capacitor line 715. The multi-layer fi lm 106 is provided over a region overlapping

with the gate electrode 104 with the gate insulating film 112 therebetween, and a

multi-layer film 11 is prov ided over the gate insulating film 1 2 in a region where the

capacitor 705 is formed. Further, the drain electrode 11 b of the transistor 703 and the

signal line 709 including the source electrode 16a of the transistor 703 are provided

over the gate insu lating fi lm 112 . Note that in the liq uid crystal display device, the

source electrode 1 6a of the transistor 703 functions as a drain electrode and the drai n

electrode 116b of the transistor 703 functions as a source electrode depend ing on

driving method; however, here, an electrode electrically connected to the pixel electrode

is called the drain electrode 116b for conven ience.

[0284]

The opening 723 reach ing the capacitor line 7 15 is formed in the gate

insu lating f ilm 12 in the region where the capacitor 705 is formed, and the conductive

film 725 is provided in the open ing 723 and over the gate insulating film 12 and the

multi-layer film 1 9.

[0285]

Further, the first s ilicon oxide layer 1 8a, the second sil icon oxide layer 1 8b,

and the silicon nitride layer 1 8c which function as a protective insulating film of the

transistor 703 and as a dielectric of the capacitor 705 are provided over the gate

insu lating film 112, the source electrode 116a, the mu lti-layer film 106, the drain

electrode 116b, the conductive film 725, and the multi-layer f ilm 119. Note that the

opening 717 reaching the drain electrode 116b is provided in the first s ilicon oxide layer

118a, the second sil icon oxide layer 18b, and the s ilicon nitride layer 118c, and the

pixel electrode 72 1 is provided over the silicon nitride layer 118c and in the open ing



7 17 .

[0286]

FIG. 24B is an enlarged view of an a region (the gate insu lating f ilm 1 2, the

multi-layer film 106, the source electrode 6a, and the protective insulating fi lm 118)

of the display device illustrated in FIG. 24A. FIG. 24C is an enlarged view of a β

region (the gate insu lating fi lm 12, the multi-layer film 1 , the conductive film 725,

and the protective insulating fi lm 118).

[0287]

In FIG. 24C, the multi-layer f ilm 119 includes a first oxide layer 119a wh ich is

in contact with the gate insulating fi lm 12, a second oxide layer 1 9b which is an oxide

semiconductor film over and in contact with the first oxide layer 1 9a, and a th ird oxide

layer 119c which is over and in contact with the second oxide layer 1 9b. Note that

the conductive f ilm 725 and the protective insu lating fil m 118 are formed over the th ird

oxide layer 9c.

[0288]

The mu lti-layer f ilm 119 function ing as the other electrode of the capacitor 705

has the same layered structure as the multi-layer film 106. In other words, the

multi-layer film 19 can be formed using an oxide film wh ich can be applied to the

multi-layer fi lm 106. Further, since the multi-layer film 119 can be formed together

with the multi-layer film 106, the multi-layer f ilm 1 9 contains a metal element of an

oxide semiconductor forming the multi-layer fi lm 06.

[0289]

It is preferable that a mask covering at least the multi-layer film 106 be formed

and an element (dopant) which increases conductivity be selectively added to the

multi-layer film 119. As the dopant, one or more selected from hydrogen, boron,

nitrogen, fluorine, aluminum, phosphorus, arsenic, indium, tin, antimony, and a rare gas

element can be used. The concentration of the dopant contained in the multi-layer film

19 is preferably higher than or equal to 1 x l O 9 atoms/cm 3 and lower than or equal to

22 31 10 atoms/cm , in which case the conductivity of the multi-layer film 119 can be

higher than or equal to 10 S/cm and lower than or equal to 1000 S/cm, preferably higher

than or equal to 100 S/cm and lower than or equal to 1000 S/cm, so that the multi-layer



fi lm I 19 can sufficiently function as one electrode of the capac itor 705 .

[0290]

The substrate 100 is fixed to a counter substrate 750 with a sealant or the like,

and a liq uid crystal layer 760 is held between the pair of substrates. Note that as the

counter substrate 750, a light-transm itting substrate such as a glass substrate or a plastic

substrate is used.

[029 ]

The counter substrate 750 is provided with a light-blocking f ilm 752 formed

using a material such as a metal or an organic resin including a pigment, a counter

electrode 754 formed using the same light-transmitting conductive material as the pixel

electrode 72 1, and an insulating f ilm 756 functioning as an a lignment film. Further,

the counter substrate 750 may be provided with a coloring fi lm (also referred to as a

color filter) having a function of transm itting light with a predeterm ined wavelength.

[0292]

The liq uid crystal element 708 incl udes the pixel electrode 72 1, the counter

electrode 754, and the liqu id crystal layer 760. The liquid crystal layer 760 is

sandwiched between an insulating film 758 which is provided over the pixel electrode

72 over the substrate 100 and functions as an alignment film and the insu lating fi l

756 wh ich is provided in the element portion on the substrate 750 side and functions as

an alignment fi lm.

[0293]

Note that the cross-sectional structure illustrated in FIGS. 24A to 24C is merely

an example, and one embodiment of the present invention is not particularly limited

thereto. For example, FIG. 25 i l lustrates a cross-sectional structure of a pixel partly

different from that in FIGS. 24A to 24C. Note that structures other than the capacitor

705 are the same as those in FIGS. 24A to 24C, and thus the detailed description is

omitted.

[0294]

Only a structure in which the protective insulating fi lm 118 illustrated in FIGS.

24A to 24C is partly removed wil l be described with reference to FIG. 25.

[0295]

Selective addition of an element (dopant) wh ich increases conductivity to the



multi-layer f ilm 119 is not necessari ly performed. Instead, the uppermost layer of the

multi-layer film 119 may be provided in contact with the nitride insu lating film. When

the uppermost layer of the multi-layer film 119 is in contact with the nitride insulating

lm, a defect state (interface level) is formed at the interface between the sil icon nitride

layer 118c that is the nitride insu lating film and the multi-layer f ilm 119, or nitrogen

and/or hydrogen in the nitride insulating film are/is moved to the multi-layer film 119 ;

thus, the conductivity of the multi-layer film 119 is increased so that the multi-layer film

1 9 becomes a metal oxide f lm having conductor characteristics.

[0296]

n the structure illustrated in FIG. 25, the thickness of the dielectric film can be

reduced; therefore, an increase in the charge capacity of the capacitor can be achieved.

[0297]

In th is section, the mu lti-layer film 106 including the oxide semiconductor

layer includes a first oxide layer, a second oxide layer wh ich is an oxide semiconductor

over and in contact with the first oxide layer, and a th ird oxide layer over and in contact

with the second oxide layer. Since the channel is formed in the layer which is not in

contact with the gate insulating fi lm, the transistor can have stable electrical

characteristics, so that the liquid crystal display device can have high reliabil ity.

[0298]

FIG. 26 is a top view of a pixel partly different from that in a pixel structure

illustrated in FIG 23. Note that here, on y a structure in which the capacitor line 7 1

i llustrated in FIG. 23 is not provided is described. In this section, a capacitor 797 is

provided instead of the capacitor 705 described in the above section.

[0299]

FIG. 26 is a top view of a pixel 796 where a multi-layer film 798 serving as an

electrode of the capacitor 797 and the capacitor line is provided. The multi-layer film

798 has a region which extends in the direction parallel to the signal line 709 and the

region functions as the capacitor line. In the mu lti-layer film 798, a region which

overlaps with a pixel electrode 7 13 functions as an electrode of the capacitor 797.

Note that the multi-layer film 798 can be formed in a manner sim ilar to that of the

multi-layer film 119.

[0300]



With the structure illustrated in FIG. 26, a liq uid crystal display dev ice hav ing a

higher aperture ratio than that il lustrated in FIG. 23 can be ach ieved.

[030 1]

In th is section, the structure of an organ ic EL display device w ill be described.

[0302]

FIG. 27 is a cross-sectional view illustrating a specific structure of a pixel of

the organic EL display device. As a transistor 850 electrically connected to a

light-em itting element 830, the transistor illustrated in FIGS. 16A to 16D is used. In

FIG. 27, the same portions as those in FIGS. 16A to 16D are denoted by the same

reference numerals.

[0303]

The organic EL display device i llustrated in FIG. 27 includes the substrate 00;

the transistor 850 over the substrate 100; the protective insulating film 1 8; an

insu lating fi lm 8 6 over the protective insu lati ng film 118; the light-em itting element

830 electrical ly connected to the transistor 850; and a first bank 824 and a second bank

826 which isolate the light-emitting element 830. Further, the organic EL display

device includes a seal ing substrate 860 which is fixed to the substrate 100 with a sealant

or the like. The sealing substrate 860 is provided with a base layer 862, a black matrix

864, a red color filter 867, a green color filter 866, and a blue color filter 865 . The

transistor 850 includes the gate electrode 104, the multi-layer film 106, the source

electrode 16a, the drain electrode 16b, and the gate insulating fi lm 112. The

light-em itting element 830 includes a reflective electrode 8 18 functioning as an anode, a

first microcavity layer 833, a second microcavity layer 834, a light-emitting layer 820,

and a cathode 822.

[0304]

The first bank 824 preferably has a curved top surface. The second bank 826

preferably has a flat top surface and a reverse tapered shape in cross section.

[0305]

The first bank 824 can be formed using an organic insulating material or an

inorganic insulating material. In particular, a photosensitive resin material is

preferably used. The first bank can be formed using a colored organic insulating

material .



[0306]

The second bank 826 can be formed using an inorgan ic insu latin g material or

an organ ic insu lating material . As the organ ic insu lating material, for example, a

negative or positi ve photosensitive res in materia l a non-photosens itive resin material,

or the like ca be used . Further, the second bank can be formed using a colored

organic insu lating material. Furthermore, in order to increase the light-transm itting

property of the organ ic EL display device, a ight-transmitting material may be used.

[0307]

The first microcavity layer 833 and the second microcavity layer 834 are each

formed over and in contact with the reflective electrode 818. The first microcavity

layer 833 and the second microcavity layer 834 are preferably formed using a

light-transmitting conductive material. The first microcavity layer 833 may have a

single-layer structure or a layered structure including a plurality of transparent

conductive layers. Further, the second microcavity layer 834 may have a single-layer

structure or a layered structure including a plural ity of transparent conductive layers.

[0308]

By forming the first microcavity layer 833 and the second microcavity layer

834 over and in contact with the reflective electrode 8 8, the optical path length from

the reflective electrode 818 to the cathode 822 in each of the pixel emitting red light, the

pixel emitting green light, and a pixel emitting blue light, can be optim ized in

accordance with light wavelengths of three colors of RGB. n FIG. 27, the first

microcavity layer 833 and the second microcavity layer 834 are formed in the pixel

emitting red light, and the second microcavity layer 834 is formed in the pixel emitting

green light. Accordingly, in the pixel emitting red light, the distance between the

electrodes can be made longer, and in the pixel emitting blue light, the distance between

the electrodes can be made shorter. Thus, in accordance with the light wavelengths of

three colors of RGB, high-intensity light can be extracted from each light-emitting layer

820.

[0309]

The black matrix 864 can be formed using a metal material with low

reflectance, such as titanium or chrom ium, an organ ic insulating material impregnated

with a black pigment or a black dye, or the like.



[03 10]

As the insulating f ilm 8 6, an insu lating f ilm hav ing a planarization function is

preferably selected in order to reduce surface unevenness due to the transistor. For the

insu lating film 8 16, for example, an organic material such as polyim ide or a

benzocyclobutene-based resin can be used. Besides the above organ ic materials, a

low-dielectric constant material (a low-k material) or the like can be used .

[03 11]

The light-emitting layer 820 can be formed by an evaporation method

(including a vacuum evaporation method) or the like. The light-emitting layer 820

includes a plural ity of light-emitting units and a plurality of intermediate units. For

example, the light-emitting layer 820 can include a B unit includ ing a blue

light-emitting layer, R and G units including a red light-emitting layer and a green

light-em itting layer, an intermed iate un it connecting these units, and the like. The

color of light em itted from the light-em itting layer 820 is preferably wh ite.

[03 12]

The light-em itting layer 820 is isolated by the first bank 824 and the second

bank 826. The light-emitting layer 820 may be left on part of the top surface and the

side surface of the second bank 826.

[03 13]

As a material of the cathode 822, a light-transm itting metal oxide or the like

can be used. As the light-transmitting metal oxide, indium oxide (ln 20 or the like),

tin oxide (Sn0 or the like), zinc oxide (ZnO), indium oxide-tin oxide (In203-Sn0 2 or

the like, which is abbreviated to ITO), indium oxide-zinc oxide (Ιη2θ 3-ΖηΟ or the like),

any of these metal oxide materials in which s ilicon oxide is contained, or the like can be

used.

[03 14]

The light-emitting element 830 has a function of emitting light in accordance

with the amount of current which flows between the anode and the cathode.

[03 15]

In the cross-sectional structure i llustrated in FIG. 27, the reflective electrode

8 18 is formed in contact with the drain electrode 16b of the transistor; however, one

embod iment of the present invention is not lim ited thereto. For example, a wiring and



an inte ayer insu lating f ilm may be formed between the reflective electrode 8 18 and the

drain electrode 116b of the transistor so that the reflective electrode 818 and the drain

electrode 16b are electrical ly connected to each other through the wiring.

[0 6]

As described above, in the display device in th is section, the multi-layer f ilm

06 formed using an oxide sem iconductor material is used as the semiconductor layer in

the transistor illustrated in FIGS. 16A to 16D, and the transistor is electrically connected

to the light-emitting element 830. In this manner, a highly rel iable organic EL display

device is achieved.

[03 17]

In this section, the structure of an organ ic EL display device with a sensor will

be described.

[03 18]

The organ ic EL d isplay device has a touch-input function. In the case where

an analog resistive touch panel is used, the touch panel may be attached to the organ ic

EL display device.

[03 19]

Also in the case where a surface capacitive touch panel is used, the touch panel

may be attached to the organ ic EL display device. Further, also in the case where a

projected capacitive (mutual capacitive) touch panel is used, the touch panel may be

attached to the organic EL display device.

[0320]

In this section, a touch-input function using a photosensor is described as an

example. The photosensor can be formed over the same substrate as a transistor, and

thus the number of components can be reduced.

[032 1]

Here, a circuit diagram of a pixel 903, a photosensor 906, and a pixel 904

adjacent to the pixel 903 will be described with reference to FIG. 28. The pixel 903

including the light-em itting element 830 is electrical ly connected to a display element

driver circuit through a scan line (also referred to as gate signal line) 907 and is

electrically connected to a display element driver circuit through a signal line (also

referred to as source signal line) 9 10.



[0322]

The pixel 904 including a light-em itting element 83 1 adjacent to the

light-em itting element 830 is electrical ly connected to the display element driver circu it

through a scan line (also referred to as gate signal line) 927 and is electrical ly connected

to the display element driver circuit through the signal line (also referred to as source

signal line) 9 0. The emission colors of the light-em itting element 830 and the

light-em itting element 83 1 adjacent to the light-em itting element 830 are white, and the

light-em itting element 830 and the light-emitting element 83 1 adjacent to the

light-emitting element 830 ar connected to a common power supply line 928. Light

from the light-emitting element 83 1 adjacent to the light-em itting element 830 passes

through a coloring layer (a red coloring layer, a blue coloring layer, or a green coloring

layer) overlapping with light-emitting element 83 1 adjacent to the light-emitting

element 830 so that any one of red, blue, and green is recognized by human eyes.

[0323]

The photosensor 906 disposed between the p ixel 903 and the pixel 904

adjacent to the pixel 903 inc ludes a sensor element 964, a transistor 965, a transistor 966,

a transistor 967, and a transistor 968. The transistor 965, the transistor 966, the

transistor 967, and the transistor 968 are each a transistor including an oxide

sem iconductor layer in a channel formation region, and thus have an advantage of an

extremely small leakage current in an off state (an extremely smal l off-state current).

Accordingly, charge (potential) accumulated in a node in an off state can be held for a

long time.

[0324]

One terminal of the sensor element 964 is electrical ly connected to a power

supply line 962 (VDD), and the other terminal thereof is electrically connected to one of

a source and a drain of the transistor 967.

[0325]

FIG. 29 is an example of a cross-sectional view of a display device using a

photosensor. As illustrated in FIG. 29, the light-em itting element 830, the transistor

850 including the multi-layer film 106 formed using an oxide semiconductor for driving

the light-em itting element, the transistor 967 includ ing the multi-layer film 106 of an

oxide sem iconductor for driving the sensor element 964, and the sensor element 964



using an amorphous silicon layer 9 are provided over the same substrate.

[0326]

As illustrated in FIG. 29, the sensor element 964 includes one amorphous

silicon layer 95 1 which is in contact with and connected to a pair of electrodes 952 and

954. Note that the same portions as those in FIGS. 16A to 16D and FIG. 27 are

denoted by the same reference numerals in FIG. 29.

[0327]

In FIG. 29, the reflective electrode 8 18 is electrically connected to the drain

electrode 116b of the transistor 850 through a wiring 955. The wiring 955 and the pair

of electrodes 952 and 954 are covered with an interlayer insulating film 953, and the

reflective electrode 8 8 is provided over the interlayer insulating film 953.

[0328]

A gate of the transistor 967 is electrically connected to a signal line 908 (TX),

the one of the source and the drain thereof is electrically connected to the other terminal

of the sensor element 964, and the other of the source and the drain thereof is

electrically connected to one of a source and a drain of the transistor 968 and a gate of

the transistor 965. Note that a portion where the other of the source and the drain of

the transistor 967, the one of the source and the drain of the transistor 968, and the gate

of the transistor 965 are connected to one another is referred to as a node FD.

[0329]

A gate of the transistor 968 is electrically connected to a reset line 925 (RS),

and the one of the source and the drain thereof is electrically connected to the other of

the source and the drain of the transistor 967 and the gate of the transistor 965. The

other of the source and the drain of the transistor 968 is electrically connected to a

ground line 926 (GND).

[0330]

One of a source and a drain of the transistor 965 is electrically connected to the

power supply line 962 (VDD), and the other of the source and the drain thereof is

electrically connected to one of a source and a drain of the transistor 966.

[0331]

A gate of the transistor 966 is electrically connected to a selection line 909 (SE),

and the other of the source and the drain thereof is electrically connected to a



photosensor output signal line 9 11 (OUT). The photosensor output signal line 9 1

(OUT) is electrical ly connected to a photosensor reading circuit.

[0332]

A high-level power supply potential VDD and a ground potential GND (0 V) as

a low-level power supply potential VSS are input to the power supply line 962 (VDD)

and the ground line GN D, respectively. Note that the ground potential GN D (0 V) is

used as the low-level power supply potential VSS in this specification; however, any

potential lower than the high-level power supply potential VDD can be used as the

low-level power supply potential VSS. In th is specification, the high-level power

supply potential VDD is a high-level potential VH or higher, a low-level potential VL is

the ground potential GND or higher, and the high-level potential VH is higher than the

low-level potential VL.

[0333]

In th is section, an example where an organic EL display dev ice has a

touch-input function is described; however, a liquid crystal display device may also

have a touch input function.

[0334]

FIG. 30A il lustrates a portable information terminal. The portable information

terminal i llustrated in FIG. 30A includes a housing 9300, a button 930 1, a microphone

9302, a display portion 9303, a speaker 9304, and a camera 9305, and has a function as

a mobi le phone. One embodiment of the present invention can be appl ied to the

display portion 9303 . One embodiment of the present invention can also be appl ied to

an arithmetic unit, a wireless circuit, or a memory circuit in a main body.

[0335]

Part or the whole of the display portion 9303 can function as a touch panel.

By touching an operation key displayed on the touch panel, a user can make settings for

a game or a call, for example. One embodiment of the present invention can be

applied to the display portion 9303 also in the case where the display portion 9303 is a

touch panel .

[0336]

FIG. 30B illustrates a display. The display i llustrated in FIG. 30B includes a

housing 9 1 and a display portion 93 11. One embodiment of the present invention



can be appl ied to the display portion 93 1. One embod iment of the present invention

can also be appl ied to an arithmetic unit, a wireless c ircu it, or a memory circu it in a

main body.

[0337]

FIG. 30C illustrates a digital stil camera. The digital stil l camera illustrated

in FIG. 30C includes a housing 9320, a button 932 1, a microphone 9322, and a display

portion 9323. One embod iment of the present invention can be applied to the display

portion 9323 . One embodiment of the present invention can also be appl ied to an

arithmetic unit, a wireless circuit, or a memory circuit in a main body.

[033 8]

Part or the whole of the display portion 9323 can function as a touch panel.

By touching an operation key displayed on the touch panel, a user can make settings for

shooting such as sti ll image shooting or moving image shooting, for exam ple. One

embod iment of the present invention can be appl ied to the d isplay portion 9323 also in

the case where the display portion 9323 is a touch panel .

[0339]

FIG. 30D illustrates a double-foldable portable information term inal. The

double-foldable portable in formation terminal illustrated in FIG. 30D includes a housing

9630, a display portion 963 1a, a display portion 963 1b, a hinge 9633, and an operation

switch 9638. One embod iment of the present invention can be applied to the display

portion 963 1a and the display portion 963 1b. One embodiment of the present

invention can also be applied to an arithmetic unit, a wireless circuit, or a memory

circuit in a main body.

[0340]

Part or the whole of the display portion 963 1a and/or the display portion 963 1b

can function as a touch panel . By touching an operation key displayed on the touch

panel, a user can input data, for example. One embodiment of the present invention

can be appl ied to the display portion 963 1a and/or the d isplay portion 963 1 also in the

case where the display portion 963 1a and/or the display portion 963 1b are/is a touch

panel.

[034 1]

With the use of a sem iconductor device according to one embod iment of the



present invention, a highly reliable electronic dev ice can be provided.

REF ERENCE NUMERALS

[0342]

10: f lm formation chamber, 10a: f lm formation chamber, 10b: f ilm formation chamber,

10c : f ilm formation chamber, 11: substrate supply chamber, 12a: load lock chamber,

12b: load lock chamber, 13: transfer chamber, 4 : cassette port, 1 : substrate heating

chamber, 20a: film formation chamber, 20b: film formation chamber, 20c: film

formation chamber, 20d: film formation chamber, 2 1: substrate supply chamber, 23 :

transfer chamber, 24: cassette port, 25 : substrate heating chamber, 32: target, 34: target

holder, 54 : refiner, 58a: cryopump, 58b: cryopump, 58c: turbo molecular pump, 58d :

cryopump, 58e: cryopump, 58f: cryopump, 59: vacuum pump, 59a: vacuum pump, 59b:

vacuum pump, 59c: vacuum pump, 60: mass ow control ler, 62 : gas heating system, 66:

cryotrap, 00: substrate, 104: gate electrode, 06: multi-layer f ilm, 106a: oxide layer,

106b: oxide sem iconductor layer, 106c : ox ide layer, 106d: source region, 106e: drain

region, 112: gate insulating film, 116a: source electrode, 116b: drain electrode, 118:

protective insulating film, 118a: first s ilicon oxide layer, 1 8b: second sil icon oxide

layer, 118c: sil icon nitride layer, 119 : multi-layer film, 119a: oxide layer, 19b: oxide

layer, 19c: oxide layer, 200: substrate, 202: base insu lating film, 204: gate electrode,

206: mu lti-layer f ilm, 206a: oxide layer, 206b: oxide semiconductor layer, 206c : oxide

layer, 2 12: gate insulating film, 2 16a: source electrode, 2 16b: drain electrode, 2 18:

protective insulating film, 700: pixel portion, 70 1: pixel, 703 : transistor, 704: scan line

driver circuit, 705 : capacitor, 706: signal line driver circu it, 707: scan line, 708: liquid

crystal element, 709: signal line, 713: pixel electrode, 7 15: capacitor line, 7 7 : opening,

719: multi-layer film, 72 1: pixel electrode, 723 : opening, 725 : conductive film, 750:

counter substrate, 752: light-blocking film, 754: counter electrode, 755: wiring, 756:

insulating film, 758: insulating film, 760: liquid crystal layer, 796: pixel, 797: capacitor,

798: multi-layer film, 816 : insulating fi lm, 8 18 : reflective electrode, 820: light-emitting

layer, 822: cathode, 824: bank, 826: bank, 830: light-em itting element, 83 1:

light-emitting element, 833 : microcavity layer, 834: microcavity layer, 850: transistor,

860: seal ing substrate, 862: base layer, 864: black matrix, 865 : blue color filter, 866:

green color f ilter, 867: red color f ilter, 903 : pixel, 904: pixel, 906: photosensor, 907:



scan line, 908: signal line, 909: selection line, 9 10 : signal line, 9 11: photosensor output

signal line, 925 : reset line. 926: ground line, 927: scan line, 928: power supply line.

95 : amorphous s ilicon layer, 952 : electrode, 953 : interlayer insulating f i lm, 954:

electrode, 955 : wiring, 962 : power supply line, 964: sensor element, 965 : transistor,

966: transistor, 967: transistor, 968: transistor, 9300: housing, 930 1: button, 9302 :

microphone, 9303 : display portion, 9304: speaker, 9305 : camera, 93 10: housing, 93 11:

display portion, 9320: housing, 932 1: button, 9322 : microphone, 9323 : display portion,

9630: housing, 963 1a : display portion, 963 1b: display portion, 9633 : hinge, and 963 8:

operation switch

This application is based on Japanese Patent Appl ication serial no.

20 2-2 023 1 filed with Japan Patent Office on September 24, 20 12, the entire contents

of which are hereby incorporated by reference.



CLA IMS

1. A display device comprising:

a multi-layer film includ ing an oxide layer and an oxide sem iconductor layer;

a gate insu lating film in contact with the multi-layer film; and

a gate electrode overlapping with the multi-layer film with the gate insulating

film therebetween,

wherein each of the oxide layer and the oxide sem iconductor layer contains

indium,

wherein the oxide semiconductor layer is in contact with the oxide layer, and

wherein a band gap of the oxide layer is larger than a band gap of the oxide

sem iconductor layer.

2. The display device accord ing to claim 1, wherein a channel is formed in the

oxide sem iconductor layer.

3. The d isplay device according to claim 1, further comprising a source

electrode and a drain electrode, wherein each of the source electrode and the drain

electrode being in contact with side edges of the oxide semiconductor layer.

4. The display device accord ing to claim 1,

wherein the oxide semiconductor layer includes a crystal part, and

wherein a c-axis of the crystal part is parallel to a normal vector of a surface of

the oxide layer.

5. The display device according to claim 1,

wherein each of the oxide semiconductor layer and the oxide layer comprises at

least one of indium, zinc, and a metal,

wherein the metal is selected from aluminum, titanium, gal lium, yttrium,

zirconium, tin, lanthanum, cerium, neodym ium, and hafnium, and

wherein an atom ic ratio of ind ium to the metal in the oxide layer is lower than

an atomic ratio of indium to the metal in the oxide semiconductor layer.



6. The d isplay device accord ing to c lai m I.

wherein the oxide semiconductor layer is an In-Zn oxide, an In-Ga ox ide, or an

ln-Ga-Zn oxide.

7. The display device accord ing to claim 1,

wherein a thickness of the oxide sem iconductor layer is greater than or equal to

3 nm and less than or equal to 200 nm, and

wherein a th ickness of the oxide layer is greater than or equal to 3 nm and less

than or equal to 50 nm .

8. The d isplay device accord ing to claim 1,

wherein the th ickness of the oxide layer is greater than or equal to 3 nm and

less than or equal to 40 nm.

9 . The display device accord ing to claim ,

wherein a concentration of s ilicon in the oxide semiconductor layer is less than

5 x 0 '8 atoms/cm .

10. The display device according to claim 1,

wherein a concentration of carbon in the oxide semiconductor layer is less than

1 x 1019 atoms/cm 3.

1. A d isplay device comprising:

a multi-layer film including an oxide layer and an oxide sem iconductor layer;

a gate insulating film in contact with the multi-layer film; and

a gate electrode overlapping with the multi-layer film with the gate insulating

film therebetween,

wherein each of the oxide layer and the oxide semiconductor layer contains

indium,

wherein the oxide semiconductor layer is in contact with the oxide layer, and



wherein an energy at a bottom of a conduction band of the oxide layer is closer

to a vacu um level than an energy at a bottom of a conduction band of the oxide

sem iconductor layer.

12. The d isplay device according to claim 11, wherein a gap between the

energy at the bottom of the conduction band of the oxide layer and the energy at the

bottom of the conduction band of the oxide sem iconductor layer is greater than or equal

to 0.05 eV and less than or equal to 2 eV..

13. The d isplay device according to claim 1, wherein a channel is formed in

the oxide sem iconductor layer.

14. The d isplay device accord ing to claim I I, further comprisi ng a source

electrode and a drain electrode, wherein each of the source electrode and the drain

electrode being in contact with side edges of the oxide sem iconductor layer.

5. The display device according to claim 11,

wherein the ox ide sem iconductor layer includes a crystal part, and

wherein a c-axis of the crystal part is paral lel to a normal vector of a surface of

the oxide layer.

16. The display device according to claim 11,

wherein each of the oxide semiconductor layer and the oxide layer comprises at

least one of indium, zinc, and a metal,

wherein the metal is selected from alum inum, titanium, gal lium, yttrium,

zirconium, tin, lanthanum, cerium, neodymium, and hafnium, and

wherein an atomic ratio of indium to the metal in the oxide layer is lower than

an atomic ratio of indium to the metal in the oxide semiconductor layer.

7. The display device accord ing to claim 11,

wherein the oxide semiconductor layer is an In-Zn oxide, an [n-Ga oxide, or an

In-Ga-Zn oxide.



18. The display dev ice according to claim 11,

wherein a thickness of the oxide semiconductor layer is greater than or equal to

3 nm and less than or equal to 200 nm, and

wherein a th ickness of the oxide layer is greater than or equal to 3 nm and less

than or equal to 50 nm .

19. The display device according to claim 1 ,

wherein the thickness of the oxide layer is greater than or equal to 3 nm and

less than or equal to 40 nm.

20. The display device according to claim 11,

wherein a concentration of sil icon in the oxide sem iconductor layer is less than

5 x O 8 atoms/cm 3.

2 1. The d isplay device according to claim 11,

wherein a concentration of carbon in the oxide sem iconductor layer is less than

1 x lO 9 atoms/cm 3.
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