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(57) ABSTRACT 
An oxide semiconductor film is formed over a substrate. A 
sacrifice film is formed to such a thickness that the local 
maximum of the concentration distribution of an injected 
Substance injected into the oxide semiconductor film in the 
depth direction of the oxide semiconductor film is located in 
a region from an interface between the substrate and the oxide 
semiconductor film to a surface of the oxide semiconductor 
film. Oxygen ions are injected as the injected Substance into 
the oxide semiconductor film through the sacrifice film at 
Such an acceleration Voltage that the local maximum of the 
concentration distribution of the injected substance in the 
depth direction of the oxide semiconductor film is located in 
the region, and then the sacrifice film is removed. Further, a 
semiconductor device is manufactured using the oxide semi 
conductor film. 
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METHOD FOR FORMING OXDE 
SEMCONDUCTOR FILMAND METHOD 
FOR MANUFACTURING SEMCONDUCTOR 

DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a method for form 
ing an oxide semiconductor film or an insulating film, and to 
a method for manufacturing a semiconductor device with the 
use of the oxide semiconductor film or the insulating film. 
0003) Note that a semiconductor device in this specifica 
tion refers to general devices which can function by utilizing 
semiconductor characteristics; for example, a semiconductor 
element such as a transistor, a semiconductor circuit includ 
ing a semiconductor element, an electro-optical device Such 
as a display device, and an electronic device are all semicon 
ductor devices. 
0004 2. Description of the Related Art 
0005 Transistors used for most flat panel displays typified 
by a liquid crystal display device and a light-emitting display 
device are formed using silicon semiconductors such as 
amorphous silicon, single crystal silicon, and polycrystalline 
silicon provided over glass Substrates. Further, transistors 
formed using Such silicon semiconductors are used in inte 
grated circuits (ICs) and the like. 
0006. In recent years, attention has been drawn to a tech 
nique in which, instead of a silicon semiconductor, a metal 
oxide exhibiting semiconductor characteristics is used for 
transistors. Note that, in this specification, a metal oxide 
exhibiting semiconductor characteristics is referred to as an 
oxide semiconductor. 
0007 For example, a technique is disclosed in which a 
transistor is manufactured using Zinc oxide or an In-Ga— 
Zn-O-based oxide as an oxide semiconductor and the tran 
sistor is used as a Switching element or the like of a pixel of a 
display device (see Patent Documents 1 and 2). Further, con 
cerning a transistor using an oxide semiconductor, a tech 
nique in which oxygen is introduced into an oxide semicon 
ductor by an ion implantation method or an ion doping 
method is disclosed (see Patent Document 3). 

REFERENCE 

0008 Patent Document 1 Japanese Published Patent 
Application No. 2007-123861 

0009 Patent Document 2 Japanese Published Patent 
Application No. 2007-96055 

0010 Patent Document 3 Japanese Published Patent 
Application No. 2011-199272 

SUMMARY OF THE INVENTION 

0011. However, in an oxide semiconductor, charge is gen 
erated owing to an oxygen vacancy caused therein. Part of 
oxygen vacancies in the oxide semiconductor serves as a 
donor to generate an electron that is a carrier. Therefore, the 
threshold Voltage of a transistor in which an oxide semicon 
ductor is used for an active layer including a channel forma 
tion region (hereinafter referred to as a transistor using an 
oxide semiconductor) is easily shifted in the negative direc 
tion because of oxygen vacancies in the oxide semiconductor, 
and the transistor is likely to have normally-on characteris 
tics. 
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0012. Thus, in order to obtain favorable transistor charac 
teristics of the transistor using an oxide semiconductor, oxy 
gen vacancies in the oxide semiconductor are preferably filled 
(or compensated for). For the filling of the oxygen vacancies 
in the oxide semiconductor, the oxygen vacancies in the oxide 
semiconductor may be compensated for with externally Sup 
plied oxygen. For example, the oxygen vacancies in the oxide 
semiconductor can be filled by injecting oxygen ions by an 
ion implantation method or an ion doping method. 
0013 Furthermore, in the transistor using an oxide semi 
conductor, the thickness of the active layer (oxide semicon 
ductor) is reduced in Some cases so that an electric field from 
a gate electrode is sufficiently applied to the active layer. In 
the case where oxygen ions are injected into an oxide semi 
conductor film by an ion implantation method or an ion dop 
ing method, the oxygen ions need to be injected at a low 
acceleration Voltage so as to be injected accurately at a 
desired injection concentration. 
0014. As the acceleration voltage is lowered, a beam cur 
rent generated by a space-charge effect decreases and longer 
time is needed to inject oxygen ions. Further, as the accelera 
tion voltage is lowered, the concentration distribution of the 
injected oxygen ions has a more distinct local maximum with 
a larger concentration gradient in the depth direction of the 
oxide semiconductor. Consequently, the lowering of the 
acceleration Voltage for oxygen ion injection leads to a non 
uniform concentration of the injected oxygen ions in the 
depth direction of the oxide semiconductor, and thus, oxygen 
vacancies might not be sufficiently filled. 
0015. In short, in the transistor using an oxide semicon 
ductor, there is a possibility that injection of oxygen ions into 
the oxide semiconductor at a low acceleration Voltage cannot 
achieve Sufficient filling of oxygen vacancies, resulting in 
insufficient correction of the normally-on characteristics. 
0016. In view of the above, an object of one embodiment 
of the present invention is to provide a method for forming an 
oxide semiconductor film into which oxygen ions are uni 
formly injected. Another object of one embodiment of the 
present invention is to provide a method for manufacturing a 
semiconductor device having favorable electrical character 
istics with the use of the oxide semiconductor film. 
0017. In general, as the acceleration voltage is raised, the 
concentration gradient of an injected Substance in the depth 
direction of an injection target becomes Smaller and the con 
centration distribution of the injected Substance comes closer 
to a uniform distribution (substantially uniform distribution) 
in the depth direction. In other words, the concentration gra 
dient of the injected Substance becomes gentler. However, as 
the acceleration Voltage is raised, the local maximum of the 
concentration distribution of the injected substance is shifted 
in the depth direction of the injection target. Therefore, in the 
case where the thickness of the injection target is Small, it is 
difficult to inject oxygen ions properly into a desired injection 
position. Note that a “concentration distribution” in this 
specification means a "dose profile' and can be replaced with 
the term “dose profile' as appropriate. 
0018. In one embodiment of the present invention, a sac 
rifice film is formed over an oxide semiconductor film so that 
the local maximum of the concentration distribution of an 
injected Substance in the depth direction of an injection target 
is located in a region of the oxide semiconductor film, and 
oxygen ions are injected as the injected Substance into the 
oxide semiconductor film at a high acceleration Voltage so 
that the local maximum of the depth-direction concentration 
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distribution of the injected substance injected into the oxide 
semiconductor film is located in the region. 
0019. One embodiment of the present invention is a 
method for forming an oxide semiconductor film including 
the steps of forming an oxide semiconductor film over a 
Substrate; forming a sacrifice film having Suchathickness that 
the local maximum of the concentration distribution of an 
injected Substance injected into the oxide semiconductor film 
in the depth direction of the oxide semiconductor film is 
located in a region from an interface between the Substrate 
and the oxide semiconductor film to a surface of the oxide 
semiconductor film; and injecting oxygen ions as the injected 
Substance into the oxide semiconductor film through the sac 
rifice film at Such an acceleration Voltage that the local maxi 
mum of the concentration distribution of the injected sub 
stance in the depth direction of the oxide semiconductor film 
is located in the region, and then removing the sacrifice film. 
0020. In the above embodiment, the oxide semiconductor 
film can beformed to a thickness greater than or equal to 5 nm 
and less than or equal to 50 nm, and the sacrifice film can be 
formed to a thickness greater than or equal to 20 nm and less 
than or equal to 500 nm 
0021 Oxygen vacancies in an oxide semiconductor can be 

filled not only by directinjection of oxygen ions into the oxide 
semiconductor, for example, by an ion implantation method 
or an ion doping method, but also by formation of an oxide 
semiconductor film over an insulating film containing oxy 
gen. In the latter case, the oxide semiconductor film is pref 
erably subjected to heat treatment while being in contact with 
the insulating film. 
0022. When oxygen is contained in the insulating film 
uniformly in the depth direction of the insulating film, oxygen 
is uniformly injected from the insulating film into the oxide 
semiconductor film, so that oxygen vacancies can be suffi 
ciently filled. 
0023 That is, one embodiment of the present invention 
can be applied not only to an oxide semiconductor film but 
also to an insulating film. Specifically, it is possible to form a 
sacrifice film so that the local maximum of the concentration 
distribution of an injected substance in the depth direction of 
an insulating film is located in a region of the insulating film, 
particularly in the vicinity of a Surface of the insulating film, 
and to inject oxygen ions into the insulating film at a high 
acceleration Voltage so that the local maximum of the depth 
direction concentration distribution of the injected substance 
injected into the insulating film is located in the region or in 
the vicinity of the surface of the insulating film. 
0024. In one embodiment of the present invention, an insu 
lating film is formed over a Substrate; a sacrifice film having 
Such a thickness that the local maximum of the depth-direc 
tion concentration distribution of an injected Substance 
injected into the insulating film is located in a region from an 
interface between the substrate and the insulating film to a 
Surface of the insulating film; oxygen ions are injected into 
the insulating film through the sacrifice film at Such an accel 
eration Voltage that the local maximum of the concentration 
distribution of the injected substance in the depth direction of 
the insulating film is located in the region, and then the 
sacrifice film is removed; and an oxide semiconductor film is 
formed over the insulating film over which the sacrifice film 
is removed. 

0025. In the above embodiment, the insulating film can be 
formed to a thickness greater than or equal to 5 nm and less 
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than or equal to 500 nm, and the sacrifice film can be formed 
to a thickness greater than or equal to 20 nm and less than or 
equal to 500 nm. 
0026. An oxide semiconductor film or an insulating film is 
formed by the above method, whereby the amount of change 
in the concentration distribution of the injected substance in 
the depth direction of the oxide semiconductor film or the 
insulating film can be 40% or less on the basis of the concen 
tration at the local maximum of the concentration distribution 
of the injected Substance. 
0027. In the above embodiment, the acceleration voltage 
at which the oxygen ions are injected is changed depending 
on the density and thickness of the injection target; therefore, 
the injection is performed at Such an acceleration Voltage that 
the local maximum of the concentration distribution of the 
injected Substance in the depth direction of the injection target 
can be located in a region of a film formed under the sacrifice 
film. In general, as described above, the local maximum of the 
concentration distribution of an injected Substance in the 
depth direction of an injection target is shifted in the depth 
direction by raising the acceleration Voltage; therefore, the 
acceleration Voltage is preferably high. 
0028. In the above embodiment, the sacrifice film can be 
removed by any one of wet etching, dry etching, and a chemi 
cal mechanical polishing method. 
0029. In the above embodiment, the sacrifice film can be 
formed using a material that is the same as or different from 
that for the film formed under the sacrifice film. By forming 
the sacrifice film with the use of a material that is different 
from that for the film formed under the sacrifice film, the 
sacrifice film can be easily removed by utilizing etching 
selectivity at the removal of the sacrifice film. By forming the 
sacrifice film with the use of the same material as the film 
formed under the sacrifice film, the time taken to form the film 
of one embodiment of the present invention can be shortened, 
and impurities which might be attached to the film formed 
under the sacrifice film in the case where the sacrifice film is 
formed using a material that is different from that for the film 
formed under the sacrifice film can be reduced. 

0030. In the manufacture of a transistor using an oxide 
semiconductor, at least an oxide semiconductor film func 
tioning as a channel formation region can be formed by the 
above method for forming an oxide semiconductor film. 
0031 One embodiment of the present invention is a 
method for manufacturing a semiconductor device including 
the steps of forming an oxide semiconductor film over a 
Substrate having an insulating Surface; forming a sacrifice 
film having Such a thickness that the local maximum of the 
concentration distribution of an injected Substance injected 
into the oxide semiconductor film in the depth direction of the 
oxide semiconductor film is located in a region from an inter 
face between the substrate and the oxide semiconductor film 
to a surface of the oxide semiconductor film; injecting oxygen 
ions as the injected Substance into the oxide semiconductor 
film through the sacrifice film at Such an acceleration Voltage 
that the local maximum of the concentration distribution of 
the injected substance in the depth direction of the oxide 
semiconductor film is located in the region, and then remov 
ing the sacrifice film; forming an island-shaped oxide semi 
conductor film by processing the oxide semiconductor film 
into which the oxygen ions have been injected; forming a gate 
insulating film over the island-shaped oxide semiconductor 
film; forming a gate electrode over the gate insulating film so 
as to overlap with the island-shaped oxide semiconductor film 
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with the gate insulating film positioned between the gate 
electrode and the island-shaped oxide semiconductor film; 
partly exposing the island-shaped oxide semiconductor film 
by processing the gate insulating film; and forming a source 
electrode and a drain electrode over the partly exposed island 
shaped oxide semiconductor film. 
0032. In the manufacture of a transistor using an oxide 
semiconductor, a base insulating film or the like of the tran 
sistor can be formed by the above method for forming an 
insulating film. 
0033. One embodiment of the present invention is a 
method for manufacturing a semiconductor device including 
the steps of forming a base insulating film over a Substrate; 
forming a sacrifice film having Such a thickness that the local 
maximum of the concentration distribution of an injected 
Substance injected into the base insulating film in the depth 
direction of the base insulating film is located in a region from 
an interface between the substrate and the base insulating film 
to a Surface of the base insulating film; injecting oxygen ions 
as the injected Substance into the base insulating film through 
the sacrifice film at Such an acceleration Voltage that the local 
maximum of the concentration distribution of the injected 
substance in the depth direction of the base insulating film is 
located in the region, and then removing the sacrifice film; 
forming an oxide semiconductor film over the base insulating 
film into which the oxygen ions have been injected; forming 
an island-shaped oxide semiconductor film by processing the 
oxide semiconductor film; forming a gate insulating film over 
the island-shaped oxide semiconductor film; forming a gate 
electrode over the gate insulating film So as to overlap with the 
island-shaped oxide semiconductor film with the gate insu 
lating film positioned between the gate electrode and the 
island-shaped oxide semiconductor film, partly exposing the 
island-shaped oxide semiconductor film by processing the 
gate insulating film; and forming a source electrode and a 
drain electrode over the partly exposed island-shaped oxide 
semiconductor film. 

0034) Further, when the local maximum of the oxygen ion 
concentration distribution is located in the vicinity of the 
surface of the base insulating film, the distance which the 
oxygen ion travels to the oxide semiconductor film formed 
over the base insulating film can be shortened; thus, oxygen 
vacancies in the oxide semiconductor film can be effectively 
filled. Accordingly, a transistor having favorable electrical 
characteristics can be manufactured. 

0035. When oxygen ions are injected into an injection 
target Such as an oxide semiconductor film or an insulating 
film by anion implantation method oran ion doping method, 
not only the injected oxygen ions but also impurities attached 
to the injection target are put into the injection target owing to 
a knock-on effect. If a transistor is manufactured using Such 
an injection target including impurities, the transistor might 
have unfavorable electrical characteristics. In contrast, by 
forming a sacrifice film, and then injecting oxygen ions and 
removing the sacrifice film as in one embodiment of the 
present invention, impurities included in an injection target 
can be reduced, and thus, a transistor having favorable elec 
trical characteristics can be manufactured. 

0036. According to one embodiment of the present inven 
tion, a method for forming an oxide semiconductor film into 
which oxygen ions are uniformly injected can be provided. 
Furthermore, according to one embodiment of the present 
invention, a method for manufacturing a semiconductor 

May 30, 2013 

device having favorable electrical characteristics with the use 
of the oxide semiconductor film can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037. In the accompanying drawings: 
0038 FIGS. 1A to 1E are cross-sectional views illustrat 
ing a method for forming an oxide semiconductor film; 
0039 FIGS. 2A to 2E are cross-sectional views illustrat 
ing a method for forming an insulating film; 
0040 FIGS. 3A to 3D are cross-sectional views illustrat 
ing a method for manufacturing a transistor, 
0041 FIGS. 4A to 4D are cross-sectional views illustrat 
ing a method for manufacturing a transistor, 
0042 FIGS. 5A and 5B are a cross-sectional view and a 
top view illustrating a method for manufacturing a transistor; 
0043 FIGS. 6A and 6B are a top view and a cross-sec 
tional view illustrating an example of a transistor, 
0044 FIGS. 7A to 7D are cross-sectional views illustrat 
ing a method for manufacturing a transistor, 
004.5 FIGS. 8A to 8C are cross-sectional views illustrat 
ing a method for manufacturing a transistor, 
0046 FIGS. 9A and 9B are a cross-sectional view and a 
top view illustrating a method for manufacturing a transistor; 
0047 FIGS. 10A and 10B are a top view and a cross 
sectional view illustrating an example of a transistor, 
0048 FIG. 11A is a circuit diagram illustrating an 
example of a semiconductor memory device, and FIG. 11B is 
a graph showing electrical characteristics thereof; 
0049 FIG. 12A is a circuit diagram illustrating an 
example of a semiconductor memory device, and FIG.12B is 
a graph showing electrical characteristics thereof; 
0050 FIG. 13A is a block diagram illustrating a specific 
example of a CPU, and FIGS. 13B and 13C are circuit dia 
grams each illustrating part of the CPU: 
0051 FIGS. 14A to 14D are perspective views each illus 
trating an example of an electronic device; 
0.052 FIG. 15 is a graph showing a calculated oxygen ion 
concentration distribution in the depth direction of an injec 
tion target; 
0053 FIG. 16A is a diagram illustrating the concentration 
distribution of oxygen ions injected into the oxide semicon 
ductor film in the steps of FIGS. 1A to 1E, and FIG.16B is a 
diagram illustrating the concentration distribution of oxygen 
ions injected into the insulating film in the steps of FIGS. 2A 
to 2E: 
0054 FIG. 17 is a graph showing a calculated oxygen ion 
concentration distribution in the depth direction of an injec 
tion target; and 
0055 FIGS. 18A and 18B are a top view and a cross 
sectional view of a transistor used for evaluation. 

DETAILED DESCRIPTION OF THE INVENTION 

0056. Hereinafter, embodiments and examples of the 
present invention will be described in detail with reference to 
the accompanying drawings. Note that the present invention 
is not limited to the following description and it is easily 
understood by those skilled in the art that the modes and 
details of the present invention can be variously changed 
without departing from the spirit and scope of the present 
invention. Therefore, the present invention should not be 
construed as being limited to the description in the following 
embodiments and examples. In addition, in the following 
embodiments and examples, the same portions or portions 
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having similar functions are denoted by the same reference 
numerals or the same hatching patterns in different drawings, 
and description thereof will not be repeated. 
0057. Note that, in each drawing in this specification, the 
size, the film thickness, or the region of each component is 
exaggerated for clarity in Some cases. Therefore, embodi 
ments of the present invention are not limited to Such scales. 
0058. Note that terms such as “first”, “second, and 
“third in this specification are used in order to avoid confu 
sion among components, and the terms do not limit the com 
ponents numerically. Therefore, for example, the term “first 
can be replaced with the term “second”, “third, or the like as 
appropriate. 
0059 Functions of a “source' and a “drain” are sometimes 
replaced with each other when the direction of current flow is 
changed in circuit operation, for example. Therefore, the 
terms “source' and "drain' can be used to denote the drain 
and the Source, respectively, in this specification. 

Embodiment 1 

0060. In this embodiment, a method for forming an oxide 
semiconductor film in which oxygen is contained uniformly 
in the depth direction of the oxide semiconductor film is 
described with reference to FIGS 1A to 1E and FIG. 16A. 
FIGS. 1A to 1E are schematic cross-sectional views illustrat 
ing a method for forming an oxide semiconductor film, which 
is one embodiment of the present invention. 
0061 First, an oxide semiconductor film 103 is formed 
over a substrate 101 (see FIG. 1A). The oxide semiconductor 
film 103 may be formed using any of metal oxide materials 
(oxide semiconductor materials) given below by a chemical 
vapor deposition (CVD) method, a sputtering method, a 
molecular beam epitaxy (MBE) method, or a pulsed laser 
deposition (PLD) method, and is preferably formed by a 
sputtering method. 
0062. The oxide semiconductor film 103 may have an 
amorphous structure or a crystalline structure. 
0063 For the oxide semiconductor film 103, a metal oxide 
material containing at least indium (In) or Zinc (Zn) is pref 
erably used. In particular, the metal oxide material preferably 
contains In and Zn. 
0064 Specific examples of a material for the oxide semi 
conductor film 103 are indium oxide, tin oxide, zinc oxide, an 
oxide material containing two kinds of metals, such as an 
In—Zn-based oxide material, a Sn—Zn-based oxide mate 
rial, an Al-Zn-based oxide material, a Zn-Mg-based oxide 
material, a Sn-Mg-based oxide material, an In-Mg-based 
oxide material, or an In-Ga-based oxide material, an oxide 
material containing three kinds of metals, such as an 
In—Ga—Zn-based oxide material, an In Al-Zn-based 
oxide material, an In-Sn—Zn-based oxide material, a 
Sn—Ga—Zn-based oxide material, an Al-Ga—Zn-based 
oxide material, a Sn—Al-Zn-based oxide material, an 
In—Hf, Zn-based oxide material, an In-La-Zn-based 
oxide material, an In-Ce—Zn-based oxide material, an 
In Pr—Zn-based oxide material, an In Nd—Zn-based 
oxide material, an In-Sm—Zn-based oxide material, an 
In Eu-Zn-based oxide material, an In-Gd—Zn-based 
oxide material, an In Tb-Zn-based oxide material, an 
In—Dy—Zn-based oxide material, an In-Ho-Zn-based 
oxide material, an In-Er—Zn-based oxide material, an 
In Tm Zn-based oxide material, an In Yb-Zn-based 
oxide material, an In-Lu-Zn-based oxide material, or an 
In Ni Zn-based oxide material, and an oxide material 
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containing four kinds of metals, such as an In Sn—Ga— 
Zn-based oxide material, an In-Hf Ga—Zn-based oxide 
material, an In-Al-Ga—Zn-based oxide material, an 
In Sn—Al-Zn-based oxide material, an In-Sn-Hf 
Zn-based oxide material, oran. In Hf Al Zn-based oxide 
material. 

0065 For example, an In Ga—Zn-based oxide material 
means an oxide containing In, Ga, and Zn as main compo 
nents and there is no limitation on the atomic ratio of In, Ga. 
and Zn. 

0066. In the case where an In—Zn-based oxide material is 
used for the oxide semiconductor film 103, the atomic ratio of 
In to Zn is greater than or equal to 0.5 and less than or equal 
to 50, preferably greater than or equal to 1 and less than or 
equal to 20, further preferably greater than or equal to 1.5 and 
less than or equal to 15. When the atomic ratio of In to Zn is 
in the above range, the field-effect mobility of a transistor 
using an oxide semiconductor can be improved. Here, when 
the atomic ratio of the compound is In:Zn:O=X:Y:Z, the 
relation of Z-1.5X-Y is preferably satisfied. 
0067. A material represented by the chemical formula, 
InMO(ZnO), (mdO) may be used for the oxide semiconduc 
tor film 103. Here, M represents one or more metal elements 
selected from Zn, Ga., Al, Mn, Sn, Hf, and Co. For example, 
Ga, Ga and Al, Ga and Mn, or Ga and Co may be used as M. 
0068. Next, a sacrifice film 105 is formed over the oxide 
semiconductor film 103 (see FIG. 1B). There is no particular 
limitation on the sacrifice film 105 as long as oxygen ions 
injected later can pass therethrough. For example, the sacri 
fice film 105 can be formed using a material that is the same 
as or different from that for the oxide semiconductor film 103 
formed under the sacrifice film 105. Specific examples of a 
material that can be used for the sacrifice film 105 and is 
different from that for the oxide semiconductor film 103 area 
metal oxide Such as molybdenum oxide, cerium oxide, or 
magnesium oxide and an insulator Such as silicon oxide. 
Here, a material that is different from that for the oxide 
semiconductor film 103 is used for the sacrifice film 105. 
Note that the case where the same material as the oxide 
semiconductor film 103 is used for the sacrifice film 105 is 
described later. 

0069. The sacrifice film 105 is provided in order to locate, 
at the time of injecting oxygen ions later, the local maximum 
of the oxygen ion concentration distribution in the depth 
direction of the oxide semiconductor film 103 in a region 
from an interface between the substrate 101 and the oxide 
semiconductor film 103 to an interface between the oxide 
semiconductor film 103 and the sacrifice film 105 (a surface 
of an oxide semiconductor film 109 described later). 
0070. The thickness of the sacrifice film 105 varies 
depending on the thickness of the oxide semiconductor film 
103 or the acceleration voltage at which oxygen ions are 
injected later. For example, in the case where the thickness of 
the oxide semiconductor film 103 is greater than or equal to 5 
nm and less than or equal to 50 nm, the sacrifice film 105 can 
be formed to a thickness greater than or equal to 20 nm and 
less than or equal to 500 nm. Note that the sacrifice film 105 
can be formed by a method similar to that for the oxide 
semiconductor film 103. 

0071 Next, oxygen ions 107 are injected into the oxide 
semiconductor film 103 through the sacrifice film 105 (see 
FIG. 1C). The oxygen ions 107 are injected into the oxide 
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semiconductor film 103 and the sacrifice film 105, so that the 
oxide semiconductor film 109 and a sacrifice film 111 are 
formed (see FIG. 1D). 
0072 The oxygen ions 107 can be injected by an ion 
implantation method or an ion doping method. The accelera 
tion voltage at which the oxygen ions 107 are injected is 
changed depending on the densities and thicknesses of the 
oxide semiconductor film 103 and the sacrifice film 105. 
Whichever method is employed, the injection is performed at 
Such an acceleration Voltage that the local maximum of the 
concentration distribution of the oxygen ions 107 is located in 
the region from the interface between the substrate 101 and 
the oxide semiconductor film 103 to a surface of the oxide 
semiconductor film 103. In other words, the injection is per 
formed at a high acceleration Voltage, considering the densi 
ties and thicknesses of the oxide semiconductor film 103 and 
the sacrifice film 105. Since the oxygen ions 107 are injected 
through the sacrifice film 105, the local maximum of the 
oxygen ion concentration distribution in the depth direction 
of the oxide semiconductor film 103 can be located in the 
region from the interface between the substrate 101 and the 
oxide semiconductor film 103 to the interface between the 
oxide semiconductor film 103 and the sacrifice film 105. 
0073 Here, FIG. 16A schematically illustrates the con 
centration distribution of the injected oxygen ions 107 in a 
region surrounded by dotted lines in FIG. 1D. Note that FIG. 
16A is an enlarged view of the region surrounded by the 
dotted lines, where the horizontal axis represents the depth 
from a surface of the sacrifice film 111 and the vertical axis 
represents the concentration of the injected oxygen ions 107. 
Further, FIG. 16A illustrates the oxide semiconductor film 
109 and the sacrifice film 111 over the substrate 101, and a 
concentration distribution 112 of the injected oxygen ions 
107. 
0074 The oxygen ions 107 are injected through the sacri 
fice film 105 at a high acceleration voltage in the above 
manner, whereby a local maximum 113 of the concentration 
distribution 112 of the oxygen ions 107 can be located in the 
region from an interface between the substrate 101 and the 
oxide semiconductor film 109 to an interface between the 
oxide semiconductor film 109 and the sacrifice film 111. 
0075. In addition, the concentration gradient of the oxy 
gen ions 107 injected in the above manner is gentle as indi 
cated by the concentration distribution 112. That is, by inject 
ing the oxygen ions 107 at a high acceleration Voltage, the 
oxygen ions 107 can be injected so that the amount of change 
in the concentration distribution at least in the depth direction 
of the oxide semiconductor film 109 is small. Specifically, the 
amount of change in the concentration distribution in the 
depth direction of the oxide semiconductor film 109 can be 
40% or less on the basis of the concentration at the local 
maximum 113 of the concentration distribution. Note that the 
injection of the oxygen ions 107 at a high acceleration Voltage 
can also make the amount of change in the concentration 
distribution in the depth direction of the sacrifice film 111 
Small. 
0076 Moreover, by setting the acceleration voltage high 
as described above at the time of injecting the oxygen ions 
107 into the oxide semiconductor film 103, the time taken to 
inject the oxygen ions 107 at a desired concentration can be 
shortened. 
0077. Since the oxygen ions 107 are injected to fill oxygen 
vacancies caused in the oxide semiconductor film 103, it is 
preferable that only oxygen ions be injected into the oxide 
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semiconductor film 103. For this reason, the oxygen ions 107 
are preferably injected by an ion implantation method, in 
which mass separation is performed. 
0078 Next, the sacrifice film 111 is removed, so that the 
surface of the oxide semiconductor film 109 in which the 
local maximum of the oxygen ion concentration distribution 
in the depth direction of the film is located and the amount of 
change in the concentration distribution is Small is exposed 
(see FIG. 1E). Since the above method enables the oxygen 
ions 107 to be injected into the oxide semiconductor film 103 
uniformly in the depth direction, oxygen vacancies caused in 
the oxide semiconductor film 103 can be sufficiently filled. 
That is, the oxide semiconductor film 109 is an oxide semi 
conductor film in which oxygen vacancies are Sufficiently 
filled. 

(0079. The sacrifice film 111 can be removed by any one of 
wet etching, dry etching, and a chemical mechanical polish 
ing method, and is preferably removed by wet etching 
because it is the easiest method. 

0080 Since the sacrifice film 111 is formed using a mate 
rial that is different from that for the oxide semiconductor film 
109, the sacrifice film 111 can be removed under a condition 
where the etching rates differ between the sacrifice film 111 
and the oxide semiconductor film 109 (condition where the 
etching selectivity is high); thus, the sacrifice film 111 can be 
easily removed. 
0081. After the sacrifice film 105 is formed over the oxide 
semiconductor film 103, the oxygen ions 107 are injected and 
the sacrifice film 111 is removed, whereby impurities 
attached to the surface of the oxide semiconductor film 103 
can be prevented from being put into the oxide semiconductor 
film 103 by a knock-on effect. As a result, impurities included 
in the oxide semiconductor film 109 can be reduced. 

I0082 Alternatively, in this embodiment, the sacrifice film 
105 may be formed using the same material as the oxide 
semiconductor film 103. Specifically, the oxide semiconduc 
tor film 109 may beformed in such a manner that a thick oxide 
semiconductor film 103 is formed to have a first region which 
is to be the oxide semiconductor film 109 in the end and a 
second region functioning as the sacrifice film 105, oxygen 
ions are injected through the second region at a high accel 
eration Voltage, and the second region functioning as the 
sacrifice film 105 is removed. In the case where the thickness 
of the first region is greater than or equal to 5 nm and less than 
or equal to 50 nm, the thickness of the second region may be 
greater than or equal to 20 nm and less than or equal to 500 

. 

0083. Also in the case where the sacrifice film 105 is 
formed using the same material as the oxide semiconductor 
film 103, by injecting oxygen ions into the first region through 
the second region at a high acceleration Voltage, the oxygen 
ions are injected so that the amount of change in the concen 
tration distribution at least in the depth direction of the first 
region is Small. Then, the second region into which the oxy 
gen ions have been injected is removed by any one of wet 
etching, dry etching, and a chemical mechanical polishing 
method; thus, the oxide semiconductor film 109 in which the 
amount of change in the concentration distribution in the 
depth direction of the first region is small can beformed. Note 
that, at the removal of the second region functioning as the 
sacrifice film 105, the etching rate of the first region is equal 
to that of the second region (the etching selectivity is low); 
therefore, it is preferable that the time for removal of the 
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second region be controlled in consideration of the thickness 
and etching rate of the second region. 
0084. Further, in the case where the sacrifice film 105 is 
formed using a material that is different from that for the 
oxide semiconductor film 103, impurities generated in the 
formation of the sacrifice film 105 might be attached to the 
interface between the oxide semiconductor film 103 and the 
sacrifice film 105, and these impurities might remain on the 
surface of the oxide semiconductor film 109 obtained in the 
end. However, formation of the sacrifice film 105 using the 
same material as the oxide semiconductor film 103 can 
reduce impurities remaining on the Surface of the oxide semi 
conductor film 109 obtained in the end. Moreover, the time 
taken to form the oxide semiconductor film of one embodi 
ment of the present invention can be shortened. 
0085. As described above, in the case where oxygen ions 
are injected into a thin oxide semiconductor film, a sacrifice 
film is formed over the oxide semiconductor film and the 
oxygen ions are injected at a high acceleration Voltage as in 
one embodiment of the present invention; consequently, an 
oxide semiconductor film into which the oxygen ions are 
uniformly injected and in which oxygen vacancies are suffi 
ciently filled can be formed. Moreover, according to one 
embodiment of the present invention, the time taken to inject 
the oxygen ions into the oxide semiconductor film can be 
shortened, and the oxide semiconductor film into which the 
oxygen ions are uniformly injected and in which oxygen 
vacancies are sufficiently filled can be formed with higher 
productivity. 
I0086. In the method for forming an oxide semiconductor 
film in this embodiment, an oxide semiconductor film is 
formed over a substrate; alternatively, an insulating film may 
be formed over a substrate and then an oxide semiconductor 
film may be formed over the insulating film. In this case, the 
local maximum of the concentration distribution of injected 
oxygen ions in the depth direction of the oxide semiconductor 
film is located in a region from an interface between the 
insulating film and the oxide semiconductor film to a Surface 
of the oxide semiconductor film, and the amount of change in 
the concentration distribution in the depth direction of the 
oxide semiconductor film is Small. 
0087. Note that the structures, methods, and the like 
described in this embodiment can be used as appropriate in 
combination with any of the structures, methods, and the like 
described in the other embodiments and examples. 

Embodiment 2 

0088. In this embodiment, a method for forming an insu 
lating film in which oxygen is contained uniformly in the 
depth direction of the insulating film is described with refer 
ence to FIGS. 2A to 2E and FIG. 16B. FIGS. 2A to 2E are 
schematic cross-sectional views illustrating a method for 
forming an insulating film, which is one embodiment of the 
present invention. 
0089 First, an insulating film 203 is formed over the sub 
strate 101 (see FIG. 2A). The insulating film 203 may be 
formed by a CVD method, a sputtering method, an MBE 
method, or a PLD method. 
0090 There is no particular limitation on the insulating 
film 203 as long as it is an insulator. For example, an oxide 
insulating film of silicon oxide or the like, a nitride insulating 
film of silicon nitride or the like, an oxynitride insulating film 
of silicon oxynitride or the like, or a nitride oxide insulating 
film of silicon nitride oxide or the like can be used. 
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0091. Note that silicon oxynitride refers to a substance that 
contains more oxygen than nitrogen. For example, silicon 
oxynitride contains oxygen, nitrogen, silicon, and hydrogen 
in ranges of 50 at.% to 70 at. %, 0.5 at.% to 15 at.%, 25 at. 
% to 35 at. '%, and 0 at. '% to 10 at.%, respectively. Further, 
silicon nitride oxide refers to a Substance that contains more 
nitrogen than oxygen. For example, silicon nitride oxide con 
tains oxygen, nitrogen, silicon, and hydrogen in ranges of 5 at. 
% to 30 at.%, 20 at.% to 55 at.%, 25 at.% to 35 at.%, and 
10 at. 96 to 25 at.%, respectively. Note that the above ranges 
are ranges for cases where measurement is performed using 
Rutherford backscattering spectrometry (RBS) or hydrogen 
forward scattering spectrometry (HFS). Moreover, the total 
of the percentages of the constituent elements does not exceed 
100 at 9%. 

0092 Next, the sacrifice film 105 is formed over the insu 
lating film 203 (see FIG. 2B). The sacrifice film 105 is pro 
vided in order to locate, at the time of injecting oxygen ions 
later, the local maximum of the concentration distribution in 
the depth direction of the insulating film 203 in a region from 
an interface between the substrate 101 and the insulating film 
203 to a surface of the insulating film 203 (corresponding to 
an interface between the insulating film 203 and the sacrifice 
film 105 in FIG. 2B), particularly in the vicinity of the surface 
of the insulating film 203. 
0093. The sacrifice film 105 may be formed using a mate 
rial that is the same as or different from that for the insulating 
film 203 formed under the sacrifice film 105. For example, the 
sacrifice film 105 can be formed using a metal oxide such as 
molybdenum oxide, cerium oxide, or magnesium oxide oran 
insulating film that can be used for the insulating film 203. 
Here, a material that is different from that for the insulating 
film 203 is used for the Sacrifice film 105. The case where the 
same material as the insulating film 203 is used for the sac 
rifice film 105 is described later. 

0094. The thickness of the sacrifice film 105 varies 
depending on the thickness of the insulating film 203 or the 
acceleration Voltage at which oxygen ions are injected later. 
For example, in the case where the thickness of the insulating 
film 203 is greater than or equal to 5 nm and less than or equal 
to 500 nm, the sacrifice film 105 can be formed to a thickness 
greater than or equal to 20 nm and less than or equal to 500 
nm. Note that the sacrifice film 105 may be formed by a 
method similar to that in Embodiment 1. 

0.095 Next, the oxygen ions 107 are injected into the insu 
lating film 203 through the sacrifice film 105 (see FIG. 2C). 
The oxygen ions 107 are injected into the insulating film 203 
and the sacrifice film 105, so that an insulating film 205 and 
the sacrifice film 111 are formed (see FIG. 2D). 
0096. The oxygen ions 107 can be injected by a method 
similar to that in Embodiment 1. That is, the injection is 
performed at Such an acceleration Voltage that the local maxi 
mum of the concentration distribution of the oxygen ions 107 
is located in the region from the interface between the sub 
strate 101 and the insulating film 203 to the surface of the 
insulating film 203, particularly in the vicinity of the surface 
of the insulating film 203. In other words, the oxygen ions 107 
are injected into the insulating film 203 and the sacrifice film 
105 at a high acceleration Voltage. By injecting the oxygen 
ions 107 into the insulating film 203 through the sacrifice film 
105 at a high acceleration voltage, the local maximum of the 
concentration distribution in the depth direction of the insu 
lating film 203 can be located in the region from the interface 
between the substrate 101 and the insulating film 203 to the 
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interface between the insulating film 203 and the sacrifice 
film 105 (a surface of the insulating film 205 described later), 
particularly in the vicinity of the surface of the insulating film 
203 (in the vicinity of the surface of the insulating film 205 
described later). 
0097 Here, FIG. 16B schematically illustrates the con 
centration distribution of the injected oxygen ions 107 in a 
region surrounded by dotted lines in FIG. 2D. Note that FIG. 
16B is an enlarged view of the region surrounded by the 
dotted lines, where the horizontal axis represents the depth 
from a surface of the sacrifice film 111 and the vertical axis 
represents the concentration of the injected oxygen ions 107. 
Further, FIG. 16B illustrates the insulating film 205 and the 
sacrifice film 111 over the substrate 101, and the concentra 
tion distribution 112 of the injected oxygen ions 107. 
0098. The oxygen ions 107 are injected through the sacri 
fice film 105 at a high acceleration voltage in the above 
manner, whereby the local maximum 113 of the concentra 
tion distribution 112 can be located in the region from an 
interface between the substrate 101 and the insulating film 
205 to an interface between the insulating film 205 and the 
sacrifice film 111. 
0099. In addition, the concentration gradient of the oxy 
gen ions 107 injected in the above manner is gentle as indi 
cated by the concentration distribution 112. That is, the 
amount of change in the concentration distribution in the 
depth direction of the insulating film 205 can be small. Spe 
cifically, the amount of change in the concentration distribu 
tion in the depth direction of the insulating film 205 can be 
40% or less on the basis of the concentration at the local 
maximum of the concentration distribution. Note that the 
injection of the oxygen ions 107 at a high acceleration Voltage 
can also make the amount of change in the concentration 
distribution in the depth direction of the sacrifice film 111 
Small. 
0100 Also in this embodiment, the oxygen ions 107 are 
preferably injected by an ion implantation method, in which 
mass separation is performed. 
0101 Next, the sacrifice film 111 is removed, so that the 
surface of the insulating film 205 is exposed (see FIG. 2E). 
0102. As in Embodiment 1, the sacrifice film 111 can be 
removed by any one of wet etching, dry etching, and a chemi 
cal mechanical polishing method, and is preferably removed 
by wet etching because it is the easiest method. 
0103. In the case where the sacrifice film 111 is formed 
using a material that is different from that for the insulating 
film 205, the sacrifice film 111 can be removed under a 
condition where the etching rates differ between the sacrifice 
film 111 and the insulating film 205 (condition where the 
etching selectivity is high); thus, the sacrifice film 111 can be 
easily removed. 
0104. After the sacrifice film 105 is formed over the insu 
lating film 203, the oxygen ions 107 are injected and the 
sacrifice film 111 is removed, whereby impurities attached to 
the surface of the insulating film 203 can be prevented from 
being put into the insulating film 203 by a knock-on effect. As 
a result, impurities included in the insulating film 205 can be 
reduced. 

0105. As described above, in this embodiment, the sacri 
fice film 105 may be formed using the same material as the 
insulating film 203. Specifically, the insulating film 205 may 
beformed in such a manner that a thick insulating film 203 is 
formed to have a first region which is to be the insulating film 
205 in the end and a second region functioning as the sacrifice 
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film 105, oxygen ions are injected through the second region 
at a high acceleration Voltage, and the second region func 
tioning as the sacrifice film 105 is removed. In the case where 
the thickness of the first region is greater than or equal to 5 nm 
and less than or equal to 500 nm, the thickness of the second 
region may be greater than or equal to 20 nm and less than or 
equal to 500 nm 
01.06 Also in the case where the sacrifice film 105 is 
formed using the same material as the insulating film 203, by 
injecting oxygen ions into the first region through the second 
region at a high acceleration Voltage, the oxygen ions are 
injected so that the amount of change in the concentration 
distribution at least in the depth direction of the first region is 
Small. Then, the second region into which the oxygen ions 
have been injected is removed by any one of wet etching, dry 
etching, and a chemical mechanical polishing method; thus, 
the insulating film 205 in which the amount of change in the 
concentration distribution in the depth direction of the first 
region is small can beformed. Note that, at the removal of the 
second region functioning as the sacrifice film 105, the etch 
ingrate of the first region is equal to that of the second region 
(the etching selectivity is low); therefore, it is preferable that 
the time for removal of the second region be controlled in 
consideration of the thickness and etching rate of the second 
region. 
01.07 Further, in the case where the sacrifice film 105 is 
formed using a material that is different from that for the 
insulating film 203, impurities generated in the formation of 
the sacrifice film 105 might be attached to the interface 
between the insulating film 203 and the sacrifice film 105, and 
these impurities might remain on the Surface of the insulating 
film 205 obtained in the end. However, formation of the 
sacrifice film 105 using the same material as the insulating 
film 203 can reduce impurities remaining on the surface of the 
insulating film 205 obtained in the end. 
0108. In the case where oxygen vacancies in an oxide 
semiconductor are filled by the method described in Embodi 
ment 1, by the way, oxygen ions are directly injected into an 
oxide semiconductor film by an ion implantation method, an 
ion doping method, or the like. These methods might largely 
degrade the crystallinity of the oxide semiconductor film. 
Thus, an oxide semiconductor film is formed over the insu 
lating film described in this embodiment and then heat treat 
ment may be performed, whereby oxygen can be diffused 
from the insulating film into the oxide semiconductor film. 
Unlike in the case of the method described in Embodiment 1, 
oxygen ions are not directly injected into the oxide semicon 
ductor film; therefore, oxygen vacancies can be filled without 
a large degradation in the crystallinity of the oxide semicon 
ductor film. 

0109 Further, in the insulating film formed by the method 
described in this embodiment, the local maximum of the 
concentration distribution in the depth direction of the insu 
lating film can be located close to the Surface of the insulating 
film, and the amount of change in the concentration distribu 
tion can be small. Accordingly, when an oxide semiconductor 
film is formed over the insulating film, the distance which 
oxygen travels to the oxide semiconductor film can be short 
ened. Consequently, oxygen vacancies in the oxide semicon 
ductor film formed over the insulating film can be efficiently 
filled. 

0110. As described above, in the case where oxygen ions 
are injected into a thin insulating film, a sacrifice film is 
formed over the insulating film and the oxygen ions are 
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injected at a high acceleration Voltage as in one embodiment 
of the present invention; consequently, an insulating film into 
which the oxygen ions are injected uniformly in the depth 
direction can be formed. 
0111. Note that the structures, methods, and the like 
described in this embodiment can be used as appropriate in 
combination with any of the structures, methods, and the like 
described in the other embodiments and examples. 

Embodiment 3 

0112. In this embodiment, a method for manufacturing a 
semiconductor device with the use of the method for forming 
an oxide semiconductor film described in Embodiment 1 is 
described. Note that a transistor using an oxide semiconduc 
tor is described as an example of the semiconductor device in 
this embodiment. In addition, the method for forming an 
oxide semiconductor film described in Embodiment 1 can be 
applied to the manufacture of transistors having a variety of 
structures, such as a top-gate transistor, a bottom-gate tran 
sistor, and a dual-gate transistor, a top-gate transistor is 
described here as an example. 
0113 FIGS. 3A to 3D are schematic cross-sectional views 
illustrating a method for manufacturing a transistor using an 
oxide semiconductor in this embodiment. 
0114 First, the substrate 101 is prepared. Although there 

is no particular limitation on the substrate 101, it is preferable 
that the substrate 101 have an insulating surface and at least 
heat resistance high enough to withstand heat treatment per 
formed later. For example, a glass substrate of aluminosilicate 
glass, aluminoborosilicate glass, barium borosilicate glass, or 
the like; a ceramic Substrate; a quartz. Substrate; or a Sapphire 
Substrate can be used. Alternatively, a single crystal semicon 
ductor Substrate or a polycrystalline semiconductor Substrate 
of silicon, silicon carbide, or the like; a compound semicon 
ductor substrate of silicon germanium or the like; or the like 
can be used. Alternatively, a Substrate obtained by forming an 
insulating film over a surface of a semiconductor Substrate of 
silicon or the like or a surface of a conductive substrate 
formed of a metal material can be used. Note that a glass 
substrate is used as the substrate 101 in this embodiment. 
0115. A base insulating film may be provided over the 
substrate 101. In this embodiment, a base insulating film 303 
is formed over the substrate 101. 
0116. There is no particular limitation on the base insulat 
ing film 303 as long as it is an insulator. For example, an oxide 
insulating film of silicon oxide or the like, a nitride insulating 
film of silicon nitride or the like, an oxynitride insulating film 
of silicon oxynitride or the like, or a nitride oxide insulating 
film of silicon nitride oxide or the like can be used. The base 
insulating film 303 may be formed by any one of a CVD 
method, a sputtering method, an MBE method, and a PLD 
method, and is preferably formed by a sputtering method. 
0117 The thickness of the base insulating film 303 may be 
greater than or equal to 5 nm and less than or equal to 500 nm, 
here, a 300-nm-thick oxide insulating film is formed. 
0118. Next, the oxide semiconductor film 103 is formed 
over the base insulating film 303 (see FIG. 3A). The oxide 
semiconductor film 103 may be formed as in Embodiment 1. 
The thickness of the oxide semiconductor film 103 may be 
greater than or equal to 5 nm and less than or equal to 50 nm, 
in this embodiment, the oxide semiconductor film 103 is 
formed to a thickness of 20 nm. 
0119) Note that, in the case where an In—Zn-based oxide 
material is selected for the oxide semiconductor film 103 
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from the materials given in Embodiment 1, the atomic ratio of 
In to Zn is greater than or equal to 0.5 and less than or equal 
to 50, preferably greater than or equal to 1 and less than or 
equal to 20, further preferably greater than or equal to 1.5 and 
less than or equal to 15. When the atomic ratio of In to Zn is 
in the above range, the field-effect mobility of the transistor 
manufactured can be improved. Here, when the atomic ratio 
of the compound is In:ZnO=X:Y: Z, the relation of Z-1. 
5X+Y is preferably satisfied. 
0.120. It is preferable that the oxide semiconductor film is 
the one which is highly purified and hardly contains impuri 
ties Such as copper, aluminum, and chlorine. In the manufac 
turing process of the transistor, steps in which these impuri 
ties are not mixed or attached to a surface of the oxide 
semiconductor film are preferably selected as appropriate. In 
the case where the impurities are attached to the surface of the 
oxide semiconductor film, the impurities on the surface of the 
oxide semiconductor film are preferably removed by expo 
Sure to oxalic acid or dilute hydrofluoric acid or plasma treat 
ment (such as NO plasma treatment). Specifically, the cop 
per concentration of the oxide semiconductor film is lower 
than or equal to 1x10" atoms/cm, preferably lower than or 
equal to 1x10'7 atoms/cm. In addition, the aluminum con 
centration of the oxide semiconductor film is lower than or 
equal to 1x10" atoms/cm. Further, the chlorine concentra 
tion of the oxide semiconductor film is lower than or equal to 
2x10" atoms/cm. Accordingly, a transistorhaving favorable 
electrical characteristics can be manufactured. 

0121 Further, just after being formed, the oxide semicon 
ductor film is preferably in a supersaturated state in which 
oxygen is contained in a proportion higher than that in the 
Stoichiometric composition. For example, in the case where 
the oxide semiconductor film is formed by a sputtering 
method, the film formation is preferably performed under the 
condition where the proportion of oxygen in a deposition gas 
is high, in particular, in an oxygen atmosphere (oxygen gas: 
100%). When the film formation is performed in the state 
where the proportion of oxygen in the deposition gas is high, 
in particular, in an atmosphere containing an oxygen gas at 
100%, release of Zn from the film can be suppressed even at 
a deposition temperature higher than or equal to 300° C. 
0.122 The oxide semiconductor film is preferably highly 
purified by Sufficient removal of impurities such as hydrogen 
or by Supersaturation with oxygen through sufficient Supply 
of oxygen. Specifically, the hydrogen concentration of the 
oxide semiconductor film is lower than 5x10" atoms/cm, 
preferably lower than or equal to 1x10" atoms/cm, further 
preferably lower than or equal to 5x107 atoms/cm. The 
concentration of hydrogen in the oxide semiconductor film 
(the oxide semiconductor film 103, the oxide semiconductor 
film 109 described later, or an oxide semiconductor film 305 
described later) in the manufacturing process of the transistor 
is measured by secondary ion mass spectrometry (SIMS). 
(0123. Next, the sacrifice film 105 is formed over the oxide 
semiconductor film 103 (see FIG.3B). The sacrifice film 105 
is formed to Such a thickness that, at the time of injecting 
oxygen ions later, the local maximum of the concentration 
distribution in the depth direction of the oxide semiconductor 
film 103 is located in a region from an interface between the 
base insulating film 303 and the oxide semiconductor film 
103 to an interface between the oxide semiconductor film 103 
and the sacrifice film 105 (a surface of the oxide semiconduc 
tor film 109 described later). The thickness and formation 
method of the sacrifice film 105 may be similar to those in 
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Embodiment 1. In this embodiment, the sacrifice film 105 is 
formed using the same material as the oxide semiconductor 
film 103. Therefore, the oxide semiconductor film 103 corre 
sponds to the first region described in Embodiment 1, and the 
sacrifice film 105 corresponds to the second region described 
in Embodiment 1. Note that the sacrifice film 105 is formed to 
a thickness of 20 nm in this embodiment; that is, a 40-nm 
thickoxide semiconductor film is formed in this embodiment. 
0.124. Next, the oxygen ions 107 are injected into the oxide 
semiconductor film 103 through the sacrifice film 105, so that 
the oxide semiconductor film 109 and the sacrifice film 111 
into which the oxygen ions 107 are injected are formed (see 
FIG.3C). The oxygen ions 107 may be injected as in Embodi 
ment 1. That is, the oxygen ions 107 may be injected at a high 
acceleration voltage. Specifically, the oxygen ions 107 are 
injected at an acceleration voltage of 20 kV. 
0125. Next, the sacrifice film 111 is removed, so that the 
surface of the oxide semiconductor film 109 is exposed (see 
FIG. 3D). The sacrifice film 111 may be removed as in 
Embodiment 1. In this embodiment, the sacrifice film 111 is 
removed by wet etching. Note that, since the same material is 
used for the oxide semiconductor film 109 and the sacrifice 
film 111, the etching rates thereof are equal to each other. 
Thus, the etching rate of the oxide semiconductor film 109 
and the sacrifice film 111 is calculated in advance, and the 
sacrifice film 111 is removed under the control of the etching 
time, which is determined in consideration of the etching rate 
and the thickness of the sacrifice film 111. 

0126. In the oxide semiconductor film 109 obtained 
through the above steps, oxygen ions are injected so that the 
amount of change in the concentration distribution in the 
depth direction is Small; therefore, oxygen vacancies are Suf 
ficiently filled throughout the region from an interface 
between the base insulating film 303 and the oxide semicon 
ductor film 109 to the surface of the oxide semiconductor film 
109. Accordingly, electrons caused by oxygen vacancies are 
reduced in a transistor manufactured using the oxide semi 
conductor film 109, and thus, the transistor has favorable 
electrical characteristics. 
0127. Further, since the oxygen ions 107 are injected 
throughout the region from the interface between the base 
insulating film 303 and the oxide semiconductor film 109 to 
the surface of the oxide semiconductor film 109, the interface 
state density between the base insulating film 303 and the 
oxide semiconductor film 109 can be reduced. Accordingly, 
in a transistor manufactured using the oxide semiconductor 
film 109, carrier trapping at the interface between the base 
insulating film 303 and the oxide semiconductor film 109, 
which can occur in the operation of the transistor or the like, 
is Suppressed; thus, the transistor has excellent reliability. 
0128. Furthermore, after the sacrifice film 105 is formed 
over the oxide semiconductor film 103, the oxygen ions 107 
are injected and the sacrifice film 111 is removed, whereby 
impurities attached to a surface of the oxide semiconductor 
film 103 can be prevented from being put into the oxide 
semiconductor film 103 by a knock-on effect. As a result, 
impurities included in the oxide semiconductor film 109 can 
be reduced. Accordingly, electrical characteristics of a tran 
sistor manufactured using the oxide semiconductor film 109 
are prevented from deteriorating owing to Such impurities, 
and thus, the transistor has favorable electrical characteris 
tics. 

0129. Moreover, as described in Embodiment 1, by form 
ing the sacrifice film 105 using the same material as the oxide 
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semiconductor film 103 in the formation process of the oxide 
semiconductor film 109, impurities remaining on the surface 
of the oxide semiconductor film 109 can be reduced. Accord 
ingly, electrical characteristics of a transistor manufactured 
using the oxide semiconductor film 109 are prevented from 
deteriorating owing to Suchimpurities, and thus, the transistor 
has favorable electrical characteristics. 
0.130 Heat treatment may be performed after the oxide 
semiconductor film 109 is formed. By the heat treatment, the 
degree of crystallinity of the oxide semiconductor film 109 is 
increased. In addition, the concentration of impurities (such 
as hydrogen and moisture) in the oxide semiconductor film 
109 can be reduced, so that defect density can be reduced. 
I0131 The heat treatment may be performed in at least one 
atmosphere of an oxidation atmosphere, an inert atmosphere, 
a reduced-pressure atmosphere, and a dry-air atmosphere. 
Preferably, heat treatment is performed in an inert atmosphere 
or a reduced-pressure atmosphere and then heat treatment is 
further performed in an oxidation atmosphere or a dry-air 
atmosphere. The heat treatment may be performed at a tem 
perature higher than or equal to 150° C. and lower than or 
equal to 650° C., preferably higher than or equal to 250° C. 
and lower than or equal to 500°C., further preferably higher 
than or equal to 300° C. and lower than or equal to 450° C. A 
resistance heating method, a lamp heating method, a method 
using a heated gas, or the like may be used in the heat treat 
ment. 

0.132. An oxidation atmosphere refers to an atmosphere 
containing an oxidation gas. An oxidation gas is oxygen, 
ozone, nitrous oxide, or the like, and it is preferable that the 
oxidation gas does not contain water, hydrogen, and the like. 
For example, the purity of oxygen, oZone, or nitrous oxide 
introduced into a heat treatment apparatus is higher than or 
equal to 8N (99.999999%), preferably higher than or equal to 
9N (99.9999999%). The oxidation atmosphere may be a mix 
ture of an oxidation gas and an inert gas. In this case, the 
atmosphere contains an oxidation gas at a concentration at 
least higher than or equal to 10 ppm. By performing heat 
treatment in an oxidation atmosphere, the density of oxygen 
vacancies in the oxide semiconductor film 109 can be 
reduced. 
0.133 An inert atmosphere refers to an atmosphere con 
taining an inert gas Such as nitrogen or a rare gas as a main 
component. Specifically, in an inert atmosphere, the concen 
tration of a reactive gas such as an oxidation gas is lower than 
10 ppm. By performing heat treatment in an inert atmosphere, 
the concentration of impurities included in the oxide semi 
conductor film 109 can be reduced. 
I0134. A reduced-pressure atmosphere refers to an atmo 
sphere with a pressure of a treatment chamber of lower than or 
equal to 10 Pa. By performing heat treatment in a reduced 
pressure atmosphere, the concentration of impurities 
included in the oxide semiconductor film 109 can become low 
as compared with the case of employing an inert atmosphere. 
0.135 A dry-air atmosphere refers to an atmosphere with a 
dew point lower than or equal to -40°C., preferably lower 
than or equal to -50° C. and with an oxygen content of 
approximately 20% and a nitrogen content of approximately 
80%. The dry-air atmosphere is a kind of oxidation atmo 
sphere. Since the dry-air atmosphere is relatively low in cost, 
it is suitable for mass production. 
0.136 Then, the oxide semiconductor film 109 is pro 
cessed, so that the island-shaped oxide semiconductor film 
305 is formed (see FIG. 4A). Note that, unless otherwise 
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specified, “processing” means formation of a film having a 0143. There is no particular limitation on the thickness of 
desired shape by performing etching treatment with the use of 
a resist mask formed by a photolithography method and then 
removing the resist mask. 
0.137 The above heat treatment that can be performed on 
the oxide semiconductor film 109 may be performed after the 
island-shaped oxide semiconductor film 305 is formed. 
0138 Next, a gate insulating film 307 is formed over the 
island-shaped oxide semiconductor film 3.05. The gate insu 
lating film 307 may be formed to have a single-layer structure 
or a stacked-layer structure using a material that can be used 
for the base insulating film 303. In addition, the gate insulat 
ing film 307 may beformed by a method similar to that for the 
base insulating film 303. 
0.139. The thickness of the gate insulating film 307 is pref 
erably greater than or equal to 5 nm and less than or equal to 
200 nm, further preferably greater than or equal to 5 nm and 
less than or equal to 50 nm. Here, a 20-nm-thick silicon 
oxynitride film is formed as the gate insulating film 3.07. 
0140. Note that, after the gate insulating film 307 is 
formed, heat treatment similar to the heat treatment that can 
be performed after the formation of the oxide semiconductor 
film 109 may be performed. The heat treatment here can also 
increase the degree of crystallinity of the oxide semiconduc 
tor film 305, and can lower the concentration of impurities 
(such as hydrogen and moisture) in the oxide semiconductor 
film 305 to reduce defect density. 
0141 Next, a conductive film is formed over the gate 
insulating film 307 and processed, so that a gate electrode 309 
is formed (see FIG. 4B). As the conductive film, a metal film 
containing a metal element selected from aluminum, chro 
mium, copper, tantalum, titanium, molybdenum, tungsten, 
manganese, and Zirconium; an alloy film containing any of 
these metal elements as a component; an alloy film containing 
any of these metal elements in combination; or the like can be 
used. Alternatively, an alloy film containing aluminum and 
one or more metal elements selected from titanium, tantalum, 
tungsten, molybdenum, chromium, neodymium, and scan 
dium; or a nitride film of the alloy film may be used. Further, 
the conductive film used to form the gate electrode 309 may 
have a single-layer structure or a stacked-layer structure of 
two or more layers. For example, a single-layer structure of an 
aluminum film containing silicon, a two-layer structure in 
which a copper film is stacked over a copper-magnesium 
aluminum alloy film, a two-layer structure in which a tita 
nium film is stacked over an aluminum film, a two-layer 
structure in which a titanium film is stacked over a titanium 
nitride film, a two-layer structure in which a tungsten film is 
stacked over a titanium nitride film, a two-layer structure in 
which a tungsten film is stacked over a tantalum nitride film, 
and a three-layer structure in which a titanium film, an alu 
minum film, and a titanium film are stacked in this order are 
g1Ven. 

0142. The conductive film used to form the gate electrode 
309 can also be formed using a light-transmitting conductive 
material Such as indium tin oxide, indium oxide containing 
tungsten oxide, indium Zinc oxide containing tungsten oxide, 
indium oxide containing titanium oxide, indium tin oxide 
containing titanium oxide, indium Zinc oxide, or indium tin 
oxide to which silicon oxide is added. The conductive film 
can also be formed to have a stacked-layer structure including 
a film of the above light-transmitting conductive material and 
the above metal film. 

the conductive film used to form the gate electrode 309, and 
the thickness may be determined as appropriate in consider 
ation of the time taken for the formation or the like. Note that 
the conductive film can be formed by any one of a CVD 
method, a sputtering method, an MBE method, a PLD 
method, and a vacuum evaporation method. In addition, the 
gate electrode 309 also functions as a gate wiring. 
0144. Next, an interlayer insulating film 311 is formed 
over the gate insulating film 307 and the gate electrode 309. 
The interlayer insulating film 311 may be formed to have a 
single-layer structure or a stacked-layer structure using a 
material that can be used for the base insulating film 303. In 
addition, the interlayer insulating film 311 may be formed by 
a method similar to that for the base insulating film 303. 
0145 Next, the interlayer insulating film 311 and the gate 
insulating film 307 are processed so that the oxide semicon 
ductor film 305 is partly exposed; thus, an opening 313a and 
an opening 313b are formed (see FIG. 4D). 
0146 A conductive film is formed in contact with the 
partly exposed oxide semiconductor film 305 in the opening 
313a and the opening 313b, and the conductive film is pro 
cessed, so that a source electrode 315a and a drain electrode 
315b are formed (see FIG. 5A). The conductive film may be 
formed using a material that can be used for the conductive 
film used to form the gate electrode 309 by a method similar 
to that for the conductive film used to form the gate electrode 
309. Note that there is no particular limitation on the thick 
ness of the conductive film to be processed into the source 
electrode 315a and the drain electrode 315b, and the thick 
ness may be determined as appropriate in consideration of the 
time taken for the formation or the like. In addition, the source 
electrode 315a and the drain electrode 315b also function as 
a source wiring and a drain wiring, respectively. 
0147 Note that, although not illustrated, an insulating film 
including a resin may beformed over the interlayer insulating 
film 311. 
0148 FIG. 5B is a schematic top view of the transistor 
manufactured by the method for manufacturing a transistor 
described in this embodiment. FIGS. 3A to 3D, FIGS. 4A to 
4D, and FIG. 5A each illustrate a cross section taken along 
dashed-dotted line A-B in FIG.S.B. 
0149 Meanwhile, the base insulating film 303 and/or the 
gate insulating film 307 may be formed using an oxide insu 
lating film from which part of oxygen is released by heat 
treatment. The oxide insulating film from which part of oxy 
gen is released by heat treatment can be formed by a sputter 
ing method. In the case where the oxide insulating film (spe 
cifically a silicon oxide film) is formed by a sputtering 
method, a silicon target or a quartz target is used as a target, 
and oxygen or a mixed gas of oxygen and argon is used as a 
Sputtering gas. 
0150. To release oxygen by heat treatment means that the 
amount of released oxygen which is converted into oxygen 
atoms is greater than or equal to 1.0x10" atoms/cm, prefer 
ably greater than or equal to 3.0x10' atoms/cm, in athermal 
desorption spectroscopy (TDS) analysis. 
0151. Here, a method in which the amount of released 
oxygen is measured by being converted into oxygen atoms 
using TDS analysis is described below. 
0152 The amount of released gas in TDS analysis is pro 
portional to the integral value of a spectrum. Therefore, the 
amount of released gas can be calculated from the ratio 
between the integral value of a measured spectrum and a 
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reference value of a standard sample. The reference value of 
a standard sample refers to the ratio of the density of a pre 
determined atom contained in a sample to the integral value of 
a spectrum. 
0153. For example, the number of oxygen molecules 
(N) released from an insulating film can be found accord 
ing to Formula 1 with the TDS analysis results of a silicon 
wafer containing hydrogen at a predetermined density, which 
is the standard sample, and the TDS analysis results of the 
insulating film. Here, all spectra having a mass number of 32 
which are obtained by the TDS analysis are assumed to origi 
nate from an oxygen molecule. CH-OH, which is a gas having 
a mass number of 32, is not taken into consideration on the 
assumption that it is unlikely to be present. Further, an oxygen 
molecule including an oxygenatom having a mass number of 
17 or 18, which is an isotope of an oxygen atom, is not taken 
into consideration either because the proportion of Such a 
molecule in the natural world is minimal. 

N ormula 1 
NO2 = YH2 XSo2 X a |F 

SH2 

0154 N. is the value obtained by conversion of the num 
ber of hydrogen molecules desorbed from the standard 
sample into density. S is the integral value of a spectrum of 
the standard sample which is analyzed by TDS. Here, the 
reference value of the standard sample is set to N/S. S. 
is the integral value of a spectrum of the insulating film which 
is analyzed by TDS. C. is a coefficient which influences the 
intensity of the spectrum in the TDS analysis. Japanese Pub 
lished Patent Application No. H6-275697 can be referred to 
for details of Formula 1. Note that the above value of the 
amount of released oxygen is obtained by measurement with 
a thermal desorption spectroscopy apparatus produced by 
ESCO Ltd., EMD-WA1000S/W using a silicon wafer con 
taining hydrogen atoms at 1x10' cm as the standard 
sample. 
0155. Further, in the TDS analysis, oxygen is partly 
detected as an oxygen atom. The ratio between oxygen mol 
ecules and oxygen atoms can be calculated from the ioniza 
tion rate of the oxygen molecules. Note that, since the above 
a includes the ionization rate of the oxygen molecules, the 
number of released oxygen atoms can also be estimated 
through the evaluation of the number of released oxygen 
molecules. 
0156 Note that N is the number of the released oxygen 
molecules. The amount of released oxygen which is con 
verted into oxygen atoms is twice the number of the released 
oxygen molecules. 
0157. As the oxide insulating film from which part of 
oxygen is released by heat treatment, an oxide insulating film 
which contains oxygen in a proportion higher than that in the 
Stoichiometric composition can be used. Typical examples 
include a silicon oxide film, a silicon oxynitride film, an 
aluminum oxide film, an aluminum oxynitride film, a gallium 
oxide film, a hafnium oxide film, and anyttrium oxide film, 
each of which contains oxygen in a proportion higher than 
that in the stoichiometric composition. In this manner, the 
oxide insulating film from which part of oxygen is released by 
heat treatment is used as the base insulating film 303 and/or 
the gate insulating film 307 and the above heat treatment is 
performed, whereby oxygen can be diffused into the region 
from the interface between the base insulating film 303 and 
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the oxide semiconductor film 109 to the surface of the oxide 
semiconductor film 109; thus, oxygen vacancies in the oxide 
semiconductor film 109 can be further filled. In order to 
obtain such an oxygen-Supersaturated State through Supply of 
Sufficient oxygen, insulating films (such as SiO, films) con 
taining excess oxygen are preferably provided in contact with 
the oxide semiconductor film (the oxide semiconductor film 
103, the oxide semiconductor film 109, or the oxide semicon 
ductor film 305) so that the oxide semiconductor film is 
positioned therebetween. Note that the thicker the oxide insu 
lating film from which part of oxygen is released by heat 
treatment is, the more oxygen that can be released is con 
tained therein; therefore, in the case where much oxygen 
needs to be diffused into the region, the oxide insulating film 
is preferably formed to be thick. 
0158. In addition, the hydrogen concentration of the insu 
lating film containing excess oxygen is also important 
because it has an effect upon electrical characteristics of the 
transistor. The reason for this is described later in an example. 
0159. In addition, blocking films (such as aluminum oxide 
films) for Suppressing release of oxygen from the oxide semi 
conductor film are preferably provided so as to be positioned 
outside the insulating films containing excess oxygen with 
the oxide semiconductor film positioned between the block 
ing films. 
0160 The oxide semiconductor film is positioned 
between the insulating films containing excess oxygen or the 
blocking films, so that the oxide semiconductor film can be in 
a state in which oxygen is contained in a proportion approxi 
mately the same as that in the Stoichiometric composition or 
a Supersaturated State in which oxygen is contained in a 
proportion higher than that in the stoichiometric composition. 
For example, in the case where the oxide semiconductor film 
is formed of IGZO and the stoichiometric composition is 
In: Ga:Zn:O=1:1:1:4 atomic ratio, the ratio of oxygenatoms 
is larger than 4. 
0.161. Note that a dopant may be injected into the oxide 
semiconductor film 305 with the use of the gate electrode 309 
as a mask to form a low-resistance region 316a and a low 
resistance region 316b. In the oxide semiconductor film 305, 
a region into which the dopant that reduces the resistance of 
the oxide semiconductor film 305 is not injected is a high 
resistance region 314. FIG. 6A is a schematic top view of a 
transistor including the low-resistance region 316a, the low 
resistance region 316b, and the high-resistance region 314. 
FIG. 6B is a schematic cross-sectional view of the transistor, 
which illustrates a cross section taken along dashed-dotted 
line A-B in FIG. 6A. The transistor has the same structure as 
the transistor illustrated in FIGS. 5A and 5B except for the 
low-resistance regions 316a and 316b and the high-resistance 
region 314. 
0162. As the dopant that reduces the resistance of the 
oxide semiconductor film 305, one or more of helium, boron, 
nitrogen, fluorine, neon, aluminum, phosphorus, argon, 
arsenic, krypton, indium, tin, antimony, and Xenon may be 
used. Note that the dopant may be injected by an ion implan 
tation method or an ion doping method. The dopant that 
reduces the resistance of the oxide semiconductor film 305 
may be injected into the oxide semiconductor film 305 by 
performing plasma treatment or heat treatment in an atmo 
sphere containing the dopant. It is preferable to employ anion 
implantation method. After the dopant that reduces the resis 
tance of the oxide semiconductor film 305 is added by anion 
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implantation method, heat treatment may be performed in an 
inert atmosphere or a reduced-pressure atmosphere. 
0163. By forming the low-resistance regions in the oxide 
semiconductor film 305 in the above manner, the contact 
resistance between the source and drain electrodes 315a and 
315b and the oxide semiconductor film 305 can be reduced, 
which leads to improvement in on-state characteristics of the 
transistor manufactured. 
0164. According to the method for manufacturing a tran 
sistor described in this embodiment, oxygen vacancies in an 
oxide semiconductor film serving as a channel formation 
region can be sufficiently filled and electrons caused by Such 
oxygen vacancies are reduced; consequently, a transistor hav 
ing favorable electrical characteristics can be manufactured. 
Further, in the method for manufacturing a transistor 
described in this embodiment, an oxide insulating film from 
which part of oxygen is released by heat treatment is used as 
a base insulating film and/or a gate insulating film and heat 
treatment is performed, whereby oxygen vacancies in the 
oxide semiconductor film serving as the channel formation 
region can be filled. Thus, this method can achieve shorter 
time filling of oxygen vacancies than in the case where the 
oxide insulating film is not used, and the transistor having 
favorable electrical characteristics can be manufactured with 
higher productivity. 
0165. Note that the structures, methods, and the like 
described in this embodiment can be used as appropriate in 
combination with any of the structures, methods, and the like 
described in the other embodiments and examples. 

Embodiment 4 

0166 In this embodiment, a method for manufacturing a 
semiconductor device with the use of the method for forming 
an insulating film described in Embodiment 2 is described. 
Note that a transistor using an oxide semiconductor is 
described as an example of the semiconductor device also in 
this embodiment. In addition, the method for forming an 
insulating film described in Embodiment 2 can be applied to 
the manufacture of transistors having a variety of structures, 
Such as a top-gate transistor, a bottom-gate transistor, and a 
dual-gate transistor, a top-gate transistor is described here as 
an example. In this embodiment, FIGS. 7A to 7D, FIGS. 8A 
to 8C, FIGS. 9A and 9B, and FIGS. 10A and 10B are used. 
0167 First, the substrate 101 is prepared. The substrate 
101 may be similar to that in Embodiment 3. 
0168 Next, the insulating film 205 is formed as a base 
insulating film over the substrate 101, and the oxide semicon 
ductor film 103 is formed over the insulating film 205 (see 
FIG. 7A). 
0169. The insulating film 205 serving as the base insulat 
ing film can be formed by the method described in Embodi 
ment 2 (see FIGS. 2A to 2E). Thus, in the insulating film 205, 
the local maximum of the concentration distribution of 
injected oxygen ions is located in a region from an interface 
between the substrate 101 and the insulating film 205 to a 
surface of the insulating film 205, particularly in the vicinity 
of the surface of the insulating film 205. Further, oxygen ions 
are injected into the insulating film 205 uniformly in the depth 
direction of the insulating film 205. Furthermore, as the 
amount of injected oxygen ions is increased, the amount of 
oxygen contained in the insulating film 205 formed by the 
method described in Embodiment 2 can be increased so as to 
exceed that in the Stoichiometric composition; thus, the insu 
lating film 205 functions as the oxide insulating film from 
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which part of oxygen is released by heat treatment, which is 
described in Embodiment 3. In addition, as the amount of 
injected oxygen ions is increased, the thickness of the insu 
lating film 205 formed by the method described in Embodi 
ment 2 can be reduced. The insulating film 205 can beformed 
to a thickness greater than or equal to 5 nm and less than or 
equal to 500 nm. In this embodiment, the sacrifice film 105 is 
formed using the same material as the insulating film 203, and 
the insulating film 205 is formed to a thickness of 20 nm 
(0170. After the sacrifice film 105 is formed over the insu 
lating film 203, the oxygen ions 107 are injected and the 
sacrifice film 111 is removed, whereby impurities attached to 
a surface of the insulating film 203 can be prevented from 
being put into the insulating film 203 by a knock-on effect. As 
a result, impurities included in the insulating film 205 can be 
reduced. Accordingly, a transistor having favorable electrical 
characteristics which are prevented from deteriorating Owing 
to such impurities can be manufactured. 
0171 As described in Embodiment 2, by forming the sac 
rifice film 105 using the same material as the insulating film 
203 in the formation process of the insulating film 205, impu 
rities remaining on the surface of the insulating film 205 can 
be reduced. Accordingly, a transistor having favorable elec 
trical characteristics which are prevented from deteriorating 
owing to Such impurities can be manufactured. 
0.172. The oxide semiconductor film 103 can beformed as 
in Embodiment 3. In this manner, the oxide semiconductor 
film 103 is formed over the insulating film 205 which contains 
oxygen in a proportion higher than that in the stoichiometric 
composition, whereby oxygen vacancies in the oxide semi 
conductor film 103 can be filled. 
0173 Heat treatment may be performed after the oxide 
semiconductor film 103 is formed. By the heat treatment, the 
degree of crystallinity of the oxide semiconductor film 103 is 
increased. In addition, the concentration of impurities (such 
as hydrogen and moisture) in the oxide semiconductor film 
103 can be reduced, so that defect density can be reduced. 
Details of the heat treatment may be similar to those in 
Embodiment 3. 

0.174 Further, the above heat treatment enables oxygen to 
be diffused into a region from an interface between the insu 
lating film 205 and the oxide semiconductor film 103 to a 
surface of the oxide semiconductor film 103 to fill oxygen 
vacancies in the oxide semiconductor film 103, so that an 
oxide semiconductor film 321 in which oxygen vacancies are 
filled can be formed (see FIG. 7B). Electrons caused by 
oxygen vacancies are reduced in a transistor formed using the 
oxide semiconductor film 321 in which oxygen vacancies are 
filled, and thus, the transistor has favorable electrical charac 
teristics. 
0.175. Further, since the oxygen ions 107 are injected 
throughout the region from an interface between the insulat 
ing film 205 and the oxide semiconductor film 321 to a sur 
face of the oxide semiconductor film 321, the interface state 
density between the insulating film 205 and the oxide semi 
conductor film 321 can be reduced. Accordingly, carrier trap 
ping at the interface between the insulating film 205 and the 
oxide semiconductor film 321, which can occur in the opera 
tion of the transistor or the like, is Suppressed; thus, a transis 
tor having excellent reliability can be manufactured. 
0176). As the following steps, the oxide semiconductor 
film 321 is processed to form an oxide semiconductor film 
325 (see FIG.7C), the gate insulating film 307 is formed (see 
FIG.7D), the gate electrode 309 is formed (see FIG. 8A), the 
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interlayer insulating film 311 is formed (see FIG. 8B), the 
interlayer insulating film 311 is processed to form the open 
ing 313a and the opening 313.b (see FIG. 8C), and the source 
electrode 315a and the drain electrode 315b are formed (see 
FIG.9A). Details of the steps are similar to those in Embodi 
ment 3. 

0177. Note that, although not illustrated, an insulating film 
including a resin may beformed over the interlayer insulating 
film 311. 

(0178 FIG.9B is a schematic top view of the transistor 
manufactured by the method for manufacturing a transistor 
described in this embodiment. FIGS. 7A to 7D, FIGS. 8A to 
8C, and FIG. 9A each illustrate a cross section taken along 
dashed-dotted line A-B in FIG. 9B. 
0179. Note that, as in Embodiment 3, a dopant may be 
injected into the oxide semiconductor film 325 with the use of 
the gate electrode 309 as a mask to form a low-resistance 
region 327a and a low-resistance region 327b. In the oxide 
semiconductor film 325, a region into which the dopant that 
reduces the resistance of the oxide semiconductor film 325 is 
not injected is a high-resistance region 329. FIG. 10A is a 
schematic top view of a transistor including the low-resis 
tance region 327a, the low-resistance region 327b, and the 
high-resistance region 329. FIG. 10B is a schematic cross 
sectional view of the transistor, which illustrates a cross sec 
tion taken along dashed-dotted line A-B in FIG. 10A. The 
transistor has the same structure as the transistor illustrated in 
FIGS. 9A and 9B except for the low-resistance region 327a, 
the low-resistance region 327b, and the high-resistance 
region 329. 
0180. As the dopant that reduces the resistance of the 
oxide semiconductor film 325, one or more of helium, boron, 
nitrogen, fluorine, neon, aluminum, phosphorus, argon, 
arsenic, krypton, indium, tin, antimony, and Xenon may be 
used. Note that the dopant may be injected by an ion implan 
tation method or an ion doping method. The dopant that 
reduces the resistance of the oxide semiconductor film 325 
may be injected into the oxide semiconductor film 325 by 
performing plasma treatment or heat treatment in an atmo 
sphere containing the dopant. It is preferable to employ anion 
implantation method. After the dopant that reduces the resis 
tance of the oxide semiconductor film 325 is added by anion 
implantation method, heat treatment may be performed in an 
inert atmosphere or a reduced-pressure atmosphere. 
0181. By forming the low-resistance regions in the oxide 
semiconductor film 325 in the above manner, the contact 
resistance between the source and drain electrodes 315a and 
315b and the oxide semiconductor film 325 can be reduced, 
which leads to improvement in on-state characteristics of the 
transistor. 
0182. According to the method for manufacturing a tran 
sistor described in this embodiment, oxygen vacancies in an 
oxide semiconductor film serving as a channel formation 
region can be sufficiently filled and electrons caused by Such 
oxygen vacancies are reduced; consequently, a transistor hav 
ing favorable electrical characteristics can be manufactured. 
Further, in the method for manufacturing a transistor 
described in this embodiment, an oxide semiconductor film is 
formed overabase insulating film into which oxygen ions are 
injected so that the amount of change in the concentration 
distribution in the depth direction is small and then heat 
treatment may be performed, whereby oxygen can be dif 
fused from the base insulating film into the oxide semicon 
ductor film to fill oxygen vacancies. Thus, oxygen ions are not 
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directly injected into the oxide semiconductor film; therefore, 
oxygen vacancies can be filled without a large degradation in 
the crystallinity of the oxide semiconductor film. Accord 
ingly, deterioration in electrical characteristics due to a large 
degradation in crystallinity can be Suppressed, and a transis 
tor having favorable electrical characteristics can be manu 
factured. 
0183. Furthermore, according to the method for manufac 
turing a transistor described in this embodiment, the local 
maximum of the concentration distribution in the depth direc 
tion can be located close to a Surface of the base insulating 
film, and the amount of change in the concentration distribu 
tion can be small. Accordingly, when an oxide semiconductor 
film is formed over the base insulating film, the distance 
which oxygen ion travels to the oxide semiconductor film can 
be shortened. Consequently, oxygen vacancies in the oxide 
semiconductor film can be efficiently filled, and a transistor 
having favorable electrical characteristics can be manufac 
tured. 
0184. Note that the structures, methods, and the like 
described in this embodiment can be used as appropriate in 
combination with any of the structures, methods, and the like 
described in the other embodiments and examples. 

Embodiment 5 

0185. In this embodiment, the oxide semiconductor film in 
the above embodiment is described. The oxide semiconduc 
tor film in the above embodiment may have an amorphous 
structure or a crystalline structure, and preferably has a crys 
talline structure. As the oxide semiconductor film having a 
crystalline structure, a single crystal oxide semiconductor 
film, a polycrystalline (also referred to as polycrystal) oxide 
semiconductor film, or the like can be used; it is preferable to 
use a c-axis aligned crystalline oxide semiconductor (CAAC 
OS) film. 
0186 The CAAC-OS film is not completely single crystal 
nor completely amorphous. The CAAC-OS film is an oxide 
semiconductor film with a crystal-amorphous mixed phase 
structure where crystal parts are included in an amorphous 
phase. Note that, in most cases, the crystal part fits inside a 
cube whose one side is less than 100 nm From an observation 
image obtained with a transmission electron microscope 
(TEM), a boundary between an amorphous part and a crystal 
part in the CAAC-OS film is not clear. Further, with the TEM, 
a grain boundary in the CAAC-OS film is not found. Thus, in 
the CAAC-OS film, a decrease in electron mobility due to the 
grain boundary is suppressed. 
0187. In each of the crystal parts included in the CAAC 
OS film, a c-axis is aligned in a direction parallel to a normal 
vector of a surface where the CAAC-OS film is formed or a 
normal vector of a surface of the CAAC-OS film, triangular or 
hexagonal atomic arrangement is formed when seen from the 
direction perpendicular to the a-b plane, 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 perpendicular to the c-axis. Note that, among crystal 
parts, the directions of an a-axis and a b-axis of one crystal 
part may be different from those of another crystal part. In this 
specification, a simple term "perpendicular includes a range 
from 85° to 95°. In addition, a simpleterm “parallel' includes 
a range from -5° to 5°. 
0188 In the CAAC-OS film, the distribution of crystal 
parts is not necessarily uniform. For example, in the forma 
tion process of the CAAC-OS film, in the case where crystal 
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growth occurs from a Surface side of the oxide semiconductor 
film, the proportion of crystal parts in the vicinity of the 
surface of the oxide semiconductor film is higher than that in 
the vicinity of the surface where the oxide semiconductor film 
is formed in Some cases. Further, when an impurity is added 
to the CAAC-OS film, the crystal part in a region to which the 
impurity is added becomes amorphous in Some cases. 
0189 Since the c-axes of the crystal parts included in the 
CAAC-OS film are aligned in the direction parallel to the 
normal vector of the surface where the CAAC-OS film is 
formed or the normal vector of the surface of the CAAC-OS 
film, the directions of the c-axes may be different from each 
other depending on the shape of the CAAC-OS film (the 
cross-sectional shape of the surface where the CAAC-OS film 
is formed or the cross-sectional shape of the surface of the 
CAAC-OS film). Note that, when the CAAC-OS film is 
formed, the direction of the c-axis of the crystal part is the 
direction parallel to the normal vector of the surface where the 
CAAC-OS film is formed or the normal vector of the surface 
of the CAAC-OS film. The crystal part is formed by film 
formation or by performing treatment for crystallization Such 
as heat treatment after film formation. 

0190. In a transistor formed using the CAAC-OS film, a 
change in electrical characteristics due to irradiation with 
visible light or ultraviolet light is small. Therefore, the tran 
sistor has highly reliable electrical characteristics. 
0191 In the case where the oxide semiconductor film in 
the above embodiment is the CAAC-OS film, the substrate is 
heated to a temperature higher than 200° C. and lower than or 
equal to 700° C., preferably higher than 300° C. and lower 
than or equal to 500° C., further preferably higher than or 
equal to 400° C. and lower than or equal to 450° C. during the 
formation of the oxide semiconductor film (the oxide semi 
conductor film 103 in the above embodiment). The oxide 
semiconductor film is formed while the substrate is heated in 
this manner, whereby the CAAC-OS film can be formed. 
0192 Further, in the case where the oxide semiconductor 
film in the above embodiment is the CAAC-OS film, the base 
insulating film preferably has sufficient planarity. Specifi 
cally, the film serving as a base is provided so as to have an 
average surface roughness (Ra) of 1 nm or less, preferably 0.3 
nm or less, further preferably 0.1 nm or less. When the aver 
age surface roughness Ra is less than or equal to the above 
value, a crystal region is easily formed in the oxide semicon 
ductor film. Note that the average surface roughness Ra is 
obtained by expanding, into three dimensions, arithmetic 
mean surface roughness that is defined by JIS B 0601:2001 
(ISO4287: 1997) so as to be applicable to a curved surface. 
The average Surface roughness Ra can be expressed as an 
“average value of the absolute values of deviations from a 
reference surface to a designated surface' and is defined by 
Formula 2. 

0193 Here, the designated surface is a surface which is a 
target of roughness measurement, and is a quadrilateral 
region which is specified by four points represented by the 
coordinates (x1, y1, f(x, y)), (x1, y2, f(x1, y2)), (x2, y1, f(X2, 
y)), and (x, y, f(x, y)). Moreover, So represents the area of 
a rectangle which is obtained by projecting the designated 
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Surface on the Xy plane, and Zo represents the height of the 
reference Surface (the average height of the designated Sur 
face). The average Surface roughness Ra can be measured 
with an atomic force microscope (AFM). 
0194 Note that the structures, methods, and the like 
described in this embodiment can be used as appropriate in 
combination with any of the structures, methods, and the like 
described in the other embodiments and examples. 

Embodiment 6 

0.195. In this embodiment, an example of manufacturing a 
semiconductor memory device with the use of the transistor 
described in the above embodiment is described. 
0196. As typical examples of a volatile semiconductor 
memory device, there are a dynamic random access memory 
(DRAM) which stores data in such a manner that a transistor 
included in a memory element is selected and charge is accu 
mulated in a capacitor, and a static random access memory 
(SRAM) which holds stored data using a circuit such as a 
flip-flop. 
0197) Typical examples of a nonvolatile semiconductor 
memory device include a flash memory which has a node 
between a gate and a channel region of a transistor and stores 
data by holding charge in the node. 
0.198. The transistor described in the above embodiment 
can be applied to part of transistors included in the above 
semiconductor memory device. 
0199 First, a volatile memory to which the transistor 
described in the above embodiment is applied is described 
with reference to FIGS. 11A and 11B. 
0200. A memory cell includes a bit line BL, a word line 
WL, a sense amplifier SAmp, a transistor Tr, and a capacitor 
C (see FIG. 11A). 
0201 It is known that the voltage held in the capacitor C is 
gradually decreased with time as shown in FIG. 11B owing to 
the off-state current of the transistor Tr. After a certain period 
of time, the voltage originally raised from V0 to V1 by charg 
ing is decreased to VA which is a limit for reading data 1. This 
period is called a holding period T 1. In the case of a two 
level memory cell, refresh operation needs to be performed 
within the holding period T 1. 
0202. When the transistor described in the above embodi 
ment is used as the transistor Tr, the holding period T 1 can be 
made longer because the off-state current of the transistor is 
small. That is, the interval between refresh operations can be 
longer. Accordingly, power consumption can be reduced. For 
example, a DRAM including a transistor which is formed 
using an oxide semiconductor film and has an off-state cur 
rent less than or equal to 1x10 A, preferably less than or 
equal to 1x10' A, can hold data for several days to several 
decades without being Supplied with power. 
0203 As described above, with the use of the transistor of 
one embodiment of the present invention, a volatile memory 
with high reliability and low power consumption can be 
obtained. 
0204 Further, the transistor of one embodiment of the 
present invention has excellent on-state characteristics; thus, 
by applying the transistor of one embodiment of the present 
invention, it is possible to provide a semiconductor memory 
device capable of high-speed operation, in which charge can 
be quickly accumulated in the capacitor C. 
0205 Next, a nonvolatile memory to which the transistor 
described in the above embodiment is applied is described 
with reference to FIGS. 12A and 12B. 
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0206 FIG. 12A is a circuit diagram of a nonvolatile 
memory. The nonvolatile memory includes a transistorTr 1, 
a word line WL 1 connected to a gate of the transistor Tr 1, 
a source line SL 1 connected to a source of the transistor 
Tr 1, a transistor Tr 2, a source line SL 2 connected to a 
Source of the transistor Tr 2, a drain line DL 2 connected to 
a drain of the transistor Tr 2, a capacitor C, a capacitor line 
CL connected to one terminal of the capacitor C, and a node 
N connected to the other terminal of the capacitor C, a drain 
of the transistor Tr 1, and a gate of the transistor Tr 2. 
0207. The nonvolatile memory described in this embodi 
ment utilizes change in the threshold Voltage of the transistor 
Tr 2, which depends on the potential of the node N. For 
example, FIG. 12B shows a relation between a voltage VCL 
of the capacitor line CL and a drain current Id 2 flowing 
through the transistor Tr 2. 
0208. The voltage of the node N can be controlled with the 
transistor Tr 1. For example, the potential of the source line 
SL 1 is set to VDD. In this case, when the potential of the 
word line WL 1 is set to be higher than or equal to a potential 
obtained by adding VDD to the threshold voltage Vth of the 
transistor Tr 1, the potential of the node N can be HIGH. 
Further, when the potential of the word line WL 1 is set to be 
lower than or equal to the threshold voltage Vth of the tran 
sistor Tr 1, the potential of the node N can be LOW. 
0209 Thus, either a VCL-Id2 curve (N=LOW) or a VCL 
Id2 curve (N=HIGH) can be obtained. That is, when N=LOW. 
Id 2 is small at a VCL of OV; accordingly, data 0 is stored. 
Further, when N=HIGH, Id 2 is large at a VCL of 0 V: 
accordingly, data 1 is stored. In this manner, data can be 
stored. 
0210 Here, when the transistor described in the above 
embodiment is used as the transistor Tr 1, the off-state cur 
rent of the transistor can be significantly reduced; therefore, 
unintentional leakage of charge accumulated in the node N by 
flowing between the source and the drain of the transistor 
Tr 1 can be suppressed. Therefore, data can be held for a long 
period. By using the transistor of one embodiment of the 
present invention, the threshold voltage of the transistorTr 1 
is controlled, which enables a reduction in Voltage necessary 
for writing. Thus, power consumption can be made Small as 
compared with that of a flash memory or the like. 
0211 Note that the transistor described in the above 
embodiment may be used as the transistorTr 2. The transis 
tor has excellent on-state characteristics. Accordingly, a 
semiconductor memory device including the transistor can 
operate at high speed. 
0212. As described above, by using the transistor of one 
embodiment of the present invention, a semiconductor 
memory device having high reliability for a long period and 
low power consumption and being capable of high-speed 
operation can be obtained. 
0213 Note that the structures, methods, and the like 
described in this embodiment can be used as appropriate in 
combination with any of the structures, methods, and the like 
described in the other embodiments and examples. 

Embodiment 7 

0214. A central processing unit (CPU) can beformed with 
the use of the transistor described in the above embodimentor 
the semiconductor memory device described in the above 
embodiment for at least part of the CPU. 
0215 FIG. 13A is a block diagram illustrating a specific 
Structure of a CPU. The CPU illustrated in FIG. 13A includes 
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an arithmetic logic unit (ALU) 1191, an ALU controller 1192, 
an instruction decoder 1193, an interrupt controller 1194, a 
timing controller 1195, a register 1196, a register controller 
1197, a bus interface (Bus I/F) 1198, a rewritable ROM 1199, 
and a ROM interface (ROM I/F) 1189 over a substrate 1190. 
A semiconductor Substrate, an SOI substrate, a glass Sub 
strate, or the like is used as the substrate 1190. The ROM 1199 
and the ROM interface 1189 may each be provided over a 
separate chip. Obviously, the CPU illustrated in FIG. 13A is 
just an example in which the structure is simplified, and an 
actual CPU may have various structures depending on the 
application. 
0216. An instruction that is input to the CPU through the 
bus interface 1198 is input to the instruction decoder 1193 and 
decoded therein, and then input to the ALU controller 1192, 
the interrupt controller 1194, the register controller 1197, and 
the timing controller 1195. 
0217. The ALU controller 1192, the interrupt controller 
1194, the register controller 1197, and the timing controller 
1195 conduct various controls in accordance with the 
decoded instruction. Specifically, the ALU controller 1192 
generates signals for controlling the operation of the ALU 
1191. While the CPU is executing a program, the interrupt 
controller 1194 judges an interrupt request from an external 
input/output device or a peripheral circuit on the basis of its 
priority or a mask state, and processes the request. The reg 
ister controller 1197 generates an address of the register 1196, 
and reads/writes data from/into the register 1196 in accor 
dance with the state of the CPU. 
0218. The timing controller 1195 generates signals for 
controlling operation timings of the ALU 1191, the ALU 
controller 1192, the instruction decoder 1193, the interrupt 
controller 1194, and the register controller 1197. For 
example, the timing controller 1195 includes an internal 
clock generator for generating an internal clock signal CLK2 
based on a reference clock signal CLK1, and Supplies the 
internal clock signal CLK2 to the above circuits. 
0219. In the CPU illustrated in FIG. 13A, a memory ele 
ment is provided in the register 1196. As the memory element 
in the register 1196, the semiconductor memory device 
described in Embodiment 6 can be used. 

0220. In the CPU illustrated in FIG. 13A, the register 
controller 1197 selects operation of holding data in the reg 
ister 1196 in accordance with an instruction from the ALU 
1191. That is, the registercontroller 1197 selects whether data 
is held by an element which inverts a logic (logic value) or a 
capacitor in the memory element included in the register 
1196. When data is held by the element which inverts a logic 
(logic value), a power Supply Voltage is Supplied to the 
memory element in the register 1196. When data is held by 
the capacitor, the data in the capacitor is rewritten, and Supply 
of the power Supply Voltage to the memory element in the 
register 1196 can be stopped. 
0221) The power supply can be stopped by providing a 
Switching element between a memory element group and a 
node to which a power supply potential VDD or a power 
supply potential VSS is supplied, as illustrated in FIG. 13B or 
FIG. 13C. Circuits illustrated in FIGS. 13B and 13C are 
described below. 

0222 FIGS. 13B and 13C each illustrate an example of a 
structure including the transistor described in the above 
embodiment as a Switching element for controlling Supply of 
a power Supply potential to a memory element. 
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0223. The memory device illustrated in FIG. 13B includes 
a Switching element 1141 and a memory element group 1143 
including a plurality of memory elements 1142. Specifically, 
as each of the memory elements 1142, the memory element 
described in the above embodiment can be used. Each of the 
memory elements 1142 included in the memory element 
group 1143 is supplied with the high-level power supply 
potential VDD through the switching element 1141. Further, 
each of the memory elements 1142 included in the memory 
element group 1143 is supplied with a potential of a signal IN 
and the low-level power supply potential VSS. 
0224. In FIG. 13B, as the switching element 1141, a tran 
sistorin which a semiconductor with a wide band gap Such as 
an oxide semiconductoris used for an active layer is used, and 
the Switching of the transistor is controlled by a signal SigA 
Supplied to a gate thereof. 
0225. Note that FIG. 13B illustrates a structure in which 
the Switching element 1141 includes only one transistor; 
however, one embodiment of the present invention is not 
limited thereto. The switching element 1141 may include a 
plurality of transistors. In the case where the switching ele 
ment 1141 includes a plurality of transistors functioning as 
Switching elements, the plurality of transistors may be con 
nected to each other in parallel, in series, or in combination of 
parallel connection and series connection. 
0226. In FIG. 13C, an example of a memory device in 
which each of the memory elements 1142 included in the 
memory element group 1143 is supplied with the low-level 
power supply potential VSS through the switching element 
1141 is illustrated. The supply of the low-level power supply 
potential VSS to each of the memory elements 1142 included 
in the memory element group 1143 can be controlled by the 
switching element 1141. 
0227. When a switching element is provided between a 
memory element group and a node to which the power Supply 
potential VDD or the power supply potential VSS is supplied, 
data can be held even in the case where operation of a CPU is 
temporarily stopped and the Supply of the power Supply Volt 
age is stopped; accordingly, power consumption can be 
reduced. For example, while a user of a personal computer 
does not input data to an input device Such as a keyboard, the 
operation of the CPU can be stopped, so that power consump 
tion can be reduced. 

0228. Although the CPU is given as an example, the tran 
sistor or the semiconductor memory device can also be 
applied to an LSI Such as a digital signal processor (DSP), a 
custom LSI, or a field programmable gate array (FPGA). 
0229. Note that the structures, methods, and the like 
described in this embodiment can be used as appropriate in 
combination with any of the structures, methods, and the like 
described in the other embodiments and examples. 

Embodiment 8 

0230. In this embodiment, examples of an electronic 
device including at least one of the transistors, the semicon 
ductor memory devices, and the CPU described in the above 
embodiments are described. 

0231 FIG. 14A illustrates a portable information termi 
nal. The portable information terminal illustrated in FIG. 14A 
includes a housing 9300, a button 9301, a microphone 9302, 
a display portion 9303, a speaker 9304, and a camera 93.05. 
and has a function as a mobile phone. 
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0232 FIG. 14B illustrates a display. The display illus 
trated in FIG. 14B includes a housing 9310 and a display 
portion 9311. 
0233 FIG. 14C illustrates a digital still camera. The digi 

tal still camera illustrated in FIG. 14C includes a housing 
9320, a button 9321, a microphone 9322, and a display por 
tion 9323. 
0234 FIG. 14D illustrates a double-foldable portable 
information terminal. The double-foldable portable informa 
tion terminal illustrated in FIG. 14D includes a housing 9630, 
a display portion 9631a, a display portion 9631b, a hinge 
9633, and an operation switch9638. 
0235 Part or whole of the display portion 9631a and/or the 
display portion 9631b can function as a touch panel. By 
touching an operation key displayed on the touch panel, a user 
can input data, for example. 
0236. By applying one embodiment of the present inven 
tion, the performance of an electronic device can be 
improved. 
0237. Note that the structures, methods, and the like 
described in this embodiment can be used as appropriate in 
combination with any of the structures, methods, and the like 
described in the other embodiments and examples. 

Example 1 

0238. In this example, a concentration distribution of oxy 
gen ions in the depth direction of an oxide semiconductor film 
oran insulating film is described. In this example, calculation 
results of a concentration distribution in the case where oxy 
gen ions are injected into an oxide semiconductor film are 
described. 
0239. The conditions given below were used for the cal 
culation of the concentration distribution in this example. 

<Structure for Calculation> 

0240. As a structure of an injection target for the calcula 
tion, a structure including a 20-nm-thick oxide semiconduc 
tor film and a 20-nm-thick sacrifice film thereover, which is 
an oxide semiconductor film formed using the same material 
as the oxide semiconductor film, is used. In other words, the 
structure of the injection target for the calculation is the 
structure having the first region and the second region, which 
is described in the above embodiment; specifically, the injec 
tion target is an oxide semiconductor film having a 20-nm 
thick first region and a 20-nm-thick second region. 

<Structure of Oxide Semiconductor Film 

0241 The oxide semiconductor film for the calculation is 
formed using an In-Ga—Zn-based oxide material, and spe 
cifically, has a composition of In: Ga:Zn:O-3:1:2:8 (atomic 
ratio). The density of the oxide semiconductor film is 6.8 
g/cm. 

<Oxygen Ion for Calculation> 
0242. As the oxygen ion injected into the first region and 
the second region, an oxygen ion with a mass number of 16 is 
used. 

<Injection Condition of Oxygen Iond 
0243 In the calculation in this example, the oxygen ions 
are injected under two conditions, Condition A and Condition 
B. In Condition A, the acceleration voltage is 20 kV and the 
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dose is 1.5x10'cm. In Condition B which is a comparative 
example, the acceleration Voltage is 5 kV and the dose is 
5.0x10' cm. The acceleration voltage in Condition A is 
Such an acceleration Voltage that the local maximum of the 
oxygen ion concentration distribution is located in the first 
region of the oxide semiconductor film as described in the 
above embodiment. The acceleration voltage in Condition B 
is set so that the local maximum of the oxygen ion concen 
tration distribution is located in the second region (sacrifice 
film) of the oxide semiconductor film. In addition, the doses 
differ between Condition A and Condition B; the doses are 
selected so that the local maximum of the concentration dis 
tribution of oxygen ions injected at the acceleration Voltage in 
Condition A can be equal to the local maximum of the con 
centration distribution of oxygen ions injected at the accel 
eration voltage in Condition B. 
0244 FIG. 15 shows oxygen ion concentration distribu 
tions calculated under the above conditions. In FIG. 15, the 
horizontal axis represents the depth from a surface of the 
second region (sacrifice film), and the vertical axis represents 
the concentration of injected oxygen ions. 
0245. It is confirmed from FIG. 15 that, under Condition 
A, the local maximum of the concentration distribution of the 
injected oxygen ions in the depth direction of the oxide semi 
conductor film is located in the first region. On the other hand, 
it is confirmed that, under Condition B, the local maximum of 
the concentration distribution of the injected oxygen ions is 
located in the second region (sacrifice film). It is also con 
firmed that, under Condition A, the amount of change in the 
concentration distribution of the injected oxygen ions in the 
depth direction of the oxide semiconductor film is small at 
least in the first region. Specifically, the largest change in the 
concentration distribution of the injected oxygen ions in the 
first region is a 29% drop from the local maximum of the 
concentration distribution of the injected oxygen ions. Under 
Condition B, in contrast, the largest change in the concentra 
tion distribution of the injected oxygen ions in the second 
region (sacrifice film) is a 91% drop from the local maximum 
of the concentration distribution of the injected oxygen ions. 
The results indicate that oxygen ions can be injected into the 
oxide semiconductor film (first region, in particular) more 
uniformly under Condition Athan under Condition B. 
0246 FIG. 15 also shows that the area of a region under a 
solid line, which denotes the concentration distribution of the 
oxygen ions injected under Condition A, in the depth range 
from 20 nm to 40 nm (total amount of oxygen ions) is larger 
than the area of a region under a dotted line, which denotes the 
concentration distribution of the oxygen ions injected under 
Condition B, in the depth range from 20 nm to 40 nm (total 
amount of oxygen ions). Accordingly, it can be confirmed 
that, in the case where the local maximum of the concentra 
tion distribution of the oxygen ions injected under Condition 
A is equal to that under Condition B, injection of oxygen ions 
at a high acceleration Voltage as under Condition A is prefer 
able because the total amount of oxygen ions in a region into 
which the oxygen ions are intended to be injected can be 
larger. 

0247 The following is indicated by the above results: in 
the case where oxygen ions are injected into a thin oxide 
semiconductor film, the oxygen ions can be uniformly 
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injected by forming a sacrifice film over the oxide semicon 
ductor film and injecting the oxygen ions at a high accelera 
tion Voltage as in one embodiment of the present invention. 

Example 2 

0248. In this example, a concentration distribution of oxy 
gen ions in the depth direction of an oxide semiconductor film 
oran insulating film is described. In this example, calculation 
results of a concentration distribution in the case where oxy 
gen ions are injected into an insulating film are described. 

<Structure for Calculation> 

0249. As a structure of an injection target for the calcula 
tion, a structure including a 200-nm-thick insulating film and 
a 300-nm-thick sacrifice film thereover, which is an insulating 
film formed using the same material as the insulating film, is 
used. In other words, the structure of the injection target for 
the calculation is the structure having the first region and the 
second region, which is described in the above embodiment; 
specifically, the injection target is an insulating film having a 
200-nm-thick first region and a 300-nm-thick second region. 

<Structure of Insulating Films 

(0250. The insulating film for the calculation is formed 
using silicon oxide, and specifically, is a silicon oxide film 
having a composition of Si:O=1:2 (atomic ratio). The density 
of the insulating film is 2.2 g/cm. 

<Oxygen Ion for Calculation> 

0251. As the oxygen ion injected into the first region and 
the second region, an oxygen ion with a mass number of 16 is 
used. 

<Injection Condition of Oxygen Iond 

0252. In the calculation in this example, the oxygen ions 
are injected under two conditions, Condition C and Condition 
D. In Condition C, the acceleration voltage is 160 kV and the 
dose is 1.9x10'cm. In Condition D which is a comparative 
example, the acceleration voltage is 50 kV and the dose is 
10x10' cm. The acceleration voltage in Condition C is 
Such an acceleration Voltage that the local maximum of the 
oxygen ion concentration distribution is located in the first 
region of the insulating film as described in the above 
embodiment. The acceleration voltage in Condition D is set 
so that the local maximum of the oxygen ion concentration 
distribution is located in the second region (sacrifice film) of 
the insulating film. In addition, the doses differ between Con 
dition C and Condition D; the doses are selected so that the 
local maximum of the concentration distribution of oxygen 
ions injected at the acceleration Voltage in Condition C can be 
equal to the local maximum of the concentration distribution 
of oxygen ions injected at the acceleration Voltage in Condi 
tion D. 

0253 FIG. 17 shows oxygen ion concentration distribu 
tions calculated under the above conditions. In FIG. 17, the 
horizontal axis represents the depth from a surface of the 
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second region (sacrifice film), and the vertical axis represents 
the concentration of injected oxygen ions. 
0254. It is confirmed from FIG. 17 that, under Condition 
C, the local maximum of the concentration distribution of the 
injected oxygen ions in the depth direction of the insulating 
film is located in the first region. On the other hand, it is 
confirmed that, under Condition D, the local maximum of the 
concentration distribution of the injected oxygen ions is 
located in the second region (sacrifice film). 
0255. In the case where the method for forming an insu 
lating film described in this example is used in the manufac 
ture of the semiconductor device described in the above 
embodiment, for example, the second region (sacrifice film) 
is removed later. Therefore, for the evaluation of the insulat 
ing films formed under the two conditions, Condition Cand 
Condition D, the concentration distribution of the oxygen 
ions injected into the first region is important. 

Sample 
Name 

Sample 1 
Sample 2 
Sample 3 
Sample 4 

0256 Referring to a curve in the range from 300 nm on the 
horizontal axis, the result under Condition C in FIG.17 shows 
that the oxygen ion concentration at 300 nm on the horizontal 
axis is approximately 2.5 times lower than the oxygen ion 
concentration at 400 nm on the horizontal axis. In contrast, 
the result under Condition D in FIG. 17 shows that the oxygen 
ion concentration at 0 nm on the horizontal axis is approxi 
mately 44 times lower than the oxygen ion concentration at 
100 nm on the horizontal axis. 

0257 Accordingly, the following can be confirmed: by 
providing a second region (sacrifice film) over an insulating 
film and injecting oxygen ions at a high acceleration Voltage, 
the oxygen ions can be uniformly injected into the insulating 
film as compared with the case where the oxygen ions are 
directly injected. 
0258. The following is indicated by the above results: in 
the case where oxygen ions are injected into a thin insulating 
film, the oxygen ions can be uniformly injected into the 
insulating film by forming a sacrifice film over the insulating 
film and injecting the oxygen ions at a high acceleration 
Voltage as in one embodiment of the present invention. 

Example 3 

0259. In this example, an effect of the hydrogen concen 
tration of an insulating film containing excess oxygen, which 
corresponds to the oxide insulating film from which part of 
oxygen is released by heat treatment described in the above 
embodiment, upon electrical characteristics of a transistor is 
described. 

0260 Specifically, hydrogen was intentionally added to 
the insulating film containing excess oxygen, and the hydro 
gen concentration was evaluated by SIMS. 
0261. A method for fabricating samples is described 
below. 
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0262 First, a glass substrate was prepared and a 300-nm 
thicksiliconoxide film was formed over the glass substrate by 
a sputtering method. 
0263. The silicon oxide film was formed using a quartz 
target at a pressure of 0.4 Pa, a power of 1.5 kW (13.56MHz), 
and a substrate temperature of 100° C. during film formation. 
0264 Four kinds of samples were prepared. Note that the 
samples were formed under the same conditions except for 
the flow rates of an oxygen gas (O), a deuterium gas (D), 
and an argon gas (Ar) which were gases used for the forma 
tion of the silicon oxide film. 
0265 Table 1 shows sample names, the respective flow 
rates of the gases used for the formation of the silicon oxide 
film, and D (deuterium atom) concentrations and H (hydro 
gen) concentrations in the silicon oxide films at a depth of 30 
nm. Note that the D. proportion in the deposition gas (D/ 
(O+Ar-D) for each of the samples was as follows: 0 vol% 
for Sample 1: 0.005 vol % for Sample 2: 0.50 vol% for 
Sample 3; and 2.50 vol% for Sample 4. 

TABLE 1. 

D H 
O2 Air D2 D2 Concentration Concentration 
sccm sccm) sccm) Proportion atoms/cm atoms/cm 
25 25 O O% S.1E-15 6.4E-19 
25 24.997S O.OO2S O.OOS90 16E-19 1.4E-20 
25 24.75 O.25 O.S90 5.6E-2O 7.2E-19 
25 23.75 1.25 2.5% 7.2E-2O 1.9E-19 

0266 Table 1 shows that the D concentration of the silicon 
oxide film becomes higher as the D. proportion in the depo 
sition gas is increased. 
0267 Next, transistors were fabricated using Samples 1 to 
4 shown in Table 1. 

0268 FIG. 18A is a top view of a transistor used for 
evaluation. FIG. 18B is a cross-sectional view taken along 
dashed-dotted line C-D in FIG. 18A. Note that a protective 
insulating film 2118, a gate insulating film 2112, an insulating 
film 2102, and the like are not illustrated in FIG. 18A for 
clarity. 
0269. The transistor illustrated in FIG. 18B includes a 
substrate 2100, the insulating film 2102 which is provided 
over the Substrate 2100 and contains excess oxygen, an oxide 
semiconductor film 2106 provided over the insulating film 
2102, a pair of electrodes 2116 provided over the oxide semi 
conductor film 2106, the gate insulating film 2112 provided to 
cover the oxide semiconductor film 2106 and the pair of 
electrodes 2116, a gate electrode 2104 overlapping with the 
oxide semiconductor film 2106 with the gate insulating film 
2112 positioned therebetween, and the protective insulating 
film 2118 provided over the gate electrode 2104 and the gate 
insulating film 2112. 
0270. Here, any of Samples 1 to 4 shown in Table 1 was 
used as the insulating film 2102. Note that the thickness of the 
insulating film 2102 was 300 nm. 
0271 In addition, a glass substrate was used as the sub 
strate 2100; a 20-nm-thick IGZO film (formed using a target 
having a composition of In:Gia:Zn 1:1:1 atomic ratio) was 
used as the oxide semiconductor film 2106; a 100-nm-thick 
tungsten film was used as the pair of electrodes 2116; a 
30-nm-thick silicon oxynitride film was used as the gate 
insulating film 2112; a stack of a 15-nm-thick tantalum 
nitride film and a 135-nm-thick tungsten film which were 
provided in this order from the gate insulating film 2112 side 
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was used as the gate electrode 2104; and a 300-nm-thick 
silicon oxynitride film was used as the protective insulating 
film 2118. 
0272. The transistor having the above structure was sub 
jected to a BT stress test. Note that, in the transistor used for 
the measurement, the channel length (L) was 10 Lim, the 
channel width (W) was 10 um, and the length (Lov) of a 
portion where the gate electrode 2104 overlaps with each of 
the pair of electrodes 2116 was 1 Lum (2 um in total). A method 
of the BT stress test is described below. 

0273 First, a drain current (Id) of the transistor was evalu 
ated under the conditions where the substrate temperature 
was 25°C., the drain voltage (Vd) was 3 V, and the gate 
voltage (Vg) was swept from -6 V to 6 V. Characteristics of 
the transistor at this time are referred to as characteristics of 
the transistor obtained before the BT stress test. 
0274 Next, Vd and Vg were set to 0.1 V and -6V, respec 

tively, the substrate temperature was set to 150° C., and these 
conditions were kept for one hour. 
0275 Next, the applications of Vd and Vg and heating 
were stopped. Then, Id was evaluated under the conditions 
where the substrate temperature was 25°C., Vd was 3 V, and 
Vg was swept from -6 V to 6 V. Characteristics of the tran 
sistor at this time are referred to as characteristics of the 
transistor obtained after the BT stress test. 

0276 Table 2 shows the threshold voltage (Vth) and the 
field-effect mobility (LL) before and after the BT stress test. 
Note that sample names in Table 2 correspond to those in 
Table 1, and the above description can be referred to for the 
formation conditions of the insulating film 2102. 

TABLE 2 

Before BT Stress Test After BT Stress Test 

Sample With lfE With lfE 
Name IV) cm°/Vs) IV) cm/Vs) 

Sample 1 O.94 8.6 1.17 7.8 
Sample 2 O.82 8.6 1.03 8.2 
Sample 3 O.89 8.8 1.OS 7.8 
Sample 4 O.71 8.7 O.43 2.5 

0277 Table 2 shows that of Sample 4 is largely low 
ered after the BT stress test. 

0278. Further, characteristics of transistors having smaller 
L were evaluated. As a result, variation in Vth in the negative 
direction was larger in Sample 4 than in the other Samples. 
0279. As described above, a transistor in which a silicon 
oxide film is in contact with an oxide semiconductor film has 
abnormal characteristics when the D concentration of the 
silicon oxide film is 7.2x10' atoms/cm. 
0280. As the results indicate, in the case where the hydro 
gen concentration of an insulating film containing excess 
oxygen is higher than or equal to 7.2x10" atoms/cm, varia 
tion in initial characteristics of a transistor is increased, a 
channel length (L) dependence is increased, and the transistor 
significantly deteriorates owing to a BT stress test; therefore, 
the hydrogen concentration of the insulating film containing 
excess oxygen is lower than 7.2x10' atoms/cm. In other 
words, in one embodiment of the present invention, the 
hydrogen concentration of an oxide semiconductor film is 
preferably lower than 5x10" atoms/cm, and the hydrogen 
concentration of an insulating film containing excess oxygen 
is preferably lower than 7.2x10' atoms/cm. 
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0281. The above results indicate that a high hydrogen con 
centration of an insulating film containing excess oxygen, 
which is an oxide insulating film from which part of oxygen 
is released by heat treatment, leads to deterioration in electri 
cal characteristics of a transistor. 
0282. This application is based on Japanese Patent Appli 
cation serial no. 2011-262636 filed with the Japan Patent 
Office on Nov. 30, 2011, the entire contents of which are 
hereby incorporated by reference. 
What is claimed is: 
1. A method for forming an oxide semiconductor film 

comprising the steps of 
forming an oxide semiconductor film over a Substrate; 
forming a sacrifice film over the oxide semiconductor film; 
injecting oxygen ions into the oxide semiconductor film 

through the sacrifice film; and 
completely removing the sacrifice film after injecting oxy 

gen ions into the oxide semiconductor film. 
2. The method for forming an oxide semiconductor film 

according to claim 1, 
wherein the oxide semiconductor film is formed to a thick 

ness greater than or equal to 5 nm and less than or equal 
to 50 nm, and 

wherein the sacrifice film is formed to a thickness greater 
than or equal to 20 nm and less than or equal to 500 nm. 

3. The method for forming an oxide semiconductor film 
according to claim 1, 

wherein the oxygen ions are injected so that an amount of 
change in a concentration distribution of injected oxy 
gen ions in a depth direction of the oxide semiconductor 
film is 40% or less on the basis of a concentration at a 
local maximum of the concentration distribution of the 
injected oxygen ions. 

4. The method for forming an oxide semiconductor film 
according to claim 1, 

wherein the sacrifice film is removed by any one of wet 
etching, dry etching, and chemical mechanical polish 
ing. 

5. The method for forming an oxide semiconductor film 
according to claim 1, 

wherein the sacrifice film is formed using the same mate 
rial as the oxide semiconductor film. 

6. The method for forming an oxide semiconductor film 
according to claim 1, 

wherein the sacrifice film is formed using molybdenum 
oxide, cerium oxide, magnesium oxide or silicon oxide. 

7. The method for forming an oxide semiconductor film 
according to claim 1, 

wherein the sacrifice film has such a thickness that a local 
maximum of a concentration distribution of the oxygen 
ions injected into the oxide semiconductor film in a 
depth direction of the oxide semiconductor film is 
located in a region from an interface between the Sub 
strate and the oxide semiconductor film to a Surface of 
the oxide semiconductor film, and 

wherein oxygen ions are injected into the oxide semicon 
ductor film at Such an acceleration Voltage that the local 
maximum of the concentration distribution of injected 
oxygen ions in the depth direction of the oxide semicon 
ductor film is located in the region. 

8. The method for forming an oxide semiconductor film 
according to claim 1, 

wherein oxygen ions are injected by an ion implantation 
method or an ion doping method. 
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9. A method for manufacturing a semiconductor device 
comprising the steps of 

forming an oxide semiconductor film over a Substrate hav 
ing an insulating Surface; 

forming a sacrifice film over the oxide semiconductor film; 
injecting oxygen ions into the oxide semiconductor film 

through the sacrifice film; 
removing the sacrifice film after injecting oxygen ions into 

the oxide semiconductor film; 
forming an island-shaped oxide semiconductor film by 

processing the oxide semiconductor film into which the 
oxygen ions are injected; 

forming a gate insulating film over the island-shaped oxide 
semiconductor film; 

forming a gate electrode over the gate insulating film so as 
to overlap with the island-shaped oxide semiconductor 
film with the gate insulating film positioned between the 
gate electrode and the island-shaped oxide semiconduc 
tor film; 

partly exposing the island-shaped oxide semiconductor 
film by processing the gate insulating film; and 

forming a source electrode and a drain electrode over the 
partly exposed island-shaped oxide semiconductor film. 

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

wherein the oxide semiconductor film formed over the 
Substrate having the insulating Surface is formed to a 
thickness greater than or equal to 5 nm and less than or 
equal to 50 nm, and 

wherein the sacrifice film is formed to a thickness greater 
than or equal to 20 nm and less than or equal to 500 nm. 

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

wherein the oxygen ions are injected so that an amount of 
change in a concentration distribution of injected oxy 
gen ions in a depth direction of the oxide semiconductor 
film is 40% or less on the basis of a concentration at a 
local maximum of the concentration distribution of the 
injected oxygen ions. 

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

wherein the sacrifice film is removed by any one of wet 
etching, dry etching, and chemical mechanical polish 
ing. 

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

wherein the sacrifice film is formed using the same mate 
rial as the oxide semiconductor film. 

14. The method for manufacturing a semiconductor device 
according to claim 9, further comprising the step of 

performing heat treatment after injecting oxygen ions into 
the oxide semiconductor film. 

15. The method for manufacturing a semiconductor device 
according to claim 9, further comprising the steps of: 

forming a base insulating film over the Substrate, and 
performing heat treatment after forming the gate insulating 

film so that oxygen is diffused into a region from an 
interface between the base insulating film and the oxide 
semiconductor film to a surface of the oxide semicon 
ductor film, 

wherein either or both of the gate insulating film and the 
base insulating film is formed using an oxide insulating 
film from which part of oxygen is released by heat treat 
ment. 

20 
May 30, 2013 

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

wherein the sacrifice film has such a thickness that a local 
maximum of a concentration distribution of the oxygen 
ions injected into the oxide semiconductor film in a 
depth direction of the oxide semiconductor film is 
located in a region from an interface between the Sub 
strate and the oxide semiconductor film to a Surface of 
the oxide semiconductor film, and 

wherein oxygen ions are injected into the oxide semicon 
ductor film at Such an acceleration Voltage that the local 
maximum of the concentration distribution of injected 
oxygen ions in the depth direction of the oxide semicon 
ductor film is located in the region. 

17. The method for forming an oxide semiconductor film 
according to claim 9. 

wherein oxygen ions are injected by an ion implantation 
method or an ion doping method. 

18. A method for manufacturing a semiconductor device 
comprising the steps of 

forming a base insulating film over a Substrate; 
forming a sacrifice film over the base insulating film; 
injecting oxygen ions into the base insulating film through 

the sacrifice film; 
removing the sacrifice film after injecting oxygen ions into 

the oxide semiconductor film; 
forming an oxide semiconductor film over the base insu 

lating film into which the oxygen ions are injected; 
forming an island-shaped oxide semiconductor film by 

processing the oxide semiconductor film; 
forming a gate insulating film over the island-shaped oxide 

semiconductor film; 
forming a gate electrode over the gate insulating film So as 

to overlap with the island-shaped oxide semiconductor 
film with the gate insulating film positioned between the 
gate electrode and the island-shaped oxide semiconduc 
tor film; 

partly exposing the island-shaped oxide semiconductor 
film by processing the gate insulating film; and 

forming a source electrode and a drain electrode over the 
partly exposed island-shaped oxide semiconductor film. 

19. The method for manufacturing a semiconductor device 
according to claim 18, 

wherein the base insulating film is formed to a thickness 
greater than or equal to 5 nm andless than or equal to 500 
nm, and 

wherein the sacrifice film is formed to a thickness greater 
than or equal to 20 nm and less than or equal to 500 nm. 

20. The method for manufacturing a semiconductor device 
according to claim 18, 

wherein the oxygen ions are injected so that an amount of 
change in a concentration distribution of injected oxy 
gen ions in a depth direction of the base insulating film is 
40% or less on the basis of a concentration at a local 
maximum of the concentration distribution of the 
injected oxygen ions. 

21. The method for manufacturing a semiconductor device 
according to claim 18, 

wherein the sacrifice film is removed by any one of wet 
etching, dry etching, and chemical mechanical polish 
ing. 

22. The method for manufacturing a semiconductor device 
according to claim 18, 
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wherein the sacrifice film is formed using the same mate 
rial as the base insulating film. 

23. The method for manufacturing a semiconductor device 
according to claim 18, further comprising the step of: 

performing heat treatment after forming the oxide semi 
conductor film over the base insulating film So that oxy 
gen is diffused into a region an interface between the 
base insulating film and the oxide semiconductor film to 
a surface of the oxide semiconductor film. 

24. The method for manufacturing a semiconductor device 
according to claim 18, 

wherein the sacrifice film is formed using molybdenum 
oxide, cerium oxide, magnesium oxide, or silicon oxide. 

25. The method for manufacturing a semiconductor device 
according to claim 18, 

wherein the sacrifice film has such a thickness that a local 
maximum of a concentration distribution of the oxygen 
ions injected into the base insulating film in a depth 
direction of the base insulating film is located in a region 
from an interface between the substrate and the base 
insulating film to a Surface of the base insulating film, 
and 

wherein oxygen ions are injected into the base insulating 
film at Such an acceleration Voltage that the local maxi 
mum of the concentration distribution of injected oxy 
gen ions in the depth direction of the base insulating film 
is located in the region. 

26. The method for manufacturing a semiconductor device 
according to claim 18, 

wherein oxygen ions are injected by an ion implantation 
method or an ion doping method. 
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