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Description 
Title of Invention: METHOD FOR MANUFACTURING OXIDE 

SEMICONDUCTOR FILM, METHOD FOR MANUFACTURING 
SEMICONDUCTOR DEVICE, AND SEMICONDUCTOR 

DEVICE 
BACKGROUND OF THE INVENTION 

[0001 ] ], Field of the Invention 
The present invention relates to an oxide semiconductor and a semiconductor device 

including a transistor using the oxide semiconductor in a channel region. 
2. Description of the Related Art 

[0002] An oxide semiconductor has attracted attention as a material for transistors. The 
oxide semiconductor is said to have a feature similar to that of amorphous silicon 
capable of being formed at a low temperature, and a feature similar to that of poly-
crystalline silicon having high field-effect mobility. For example, the following is 
disclosed: a field-effect transistor using an amorphous oxide, whose electron carrier 
concentration is controlled, and an image display device using the transistor (Patent 
Document 1). 

[0003] The transistor using an amorphous oxide semiconductor formed at room temperature, 
however, has a problem in characteristics: not enough high field-effect mobility, low 
reliability, and large hysteresis. In order to solve such a problem, a technique of crys­
tallizing an oxide semiconductor by laser irradiation is disclosed (Patent Documents 2 
and 3). These documents show that laser irradiation performed on an oxide semi­
conductor film allows crystallization of an amorphous oxide semiconductor. 

Citation List 
Patent Literature 

[0004] [PTL 1] Japanese Published Patent Application No. 2006-165528 
[PTL 2] Japanese Published Patent Application No. 2008-042088 
[PTL 3] Japanese Published Patent Application No. 2010-123758 

SUMMARY OF THE INVENTION 
[0005] In crystallization of oxide semiconductors and other semiconductors, there is a 

problem in that an amorphous region remains in the vicinity of the inteiface between a 
base and a semiconductor layer to be crystallized. For example, in the case where an 
element such as a transistor is manufactured using an oxide semiconductor film, the 
thin film is formed on a base such as a glass substrate or an insulating film like a 
silicon oxide film. In crystallization of an oxide semiconductor film formed on such an 
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insulating material different from the oxide semiconductor, the problem arises in that a 
region near the interface with the base cannot be crystallized and an amorphous region 
remains. 

[0006] It is needless to say that the oxide semiconductor film can be made thick so that a 
crystalline region in a surface layer is used. In order to reduce parasitic capacitance and 
operate the transistor at low power consumption, however, the oxide semiconductor 
film needs to be made thin so that the channel region is completely depleted. In that 
case, conventional techniques, which have difficulty in crystallizing the immediate 
vicinity of the interface with the base, prevent miniaturization of transistors. 

[0007] Thus, even when the upper layer side of the oxide semiconductor film is crystallized, 
an amorphous region remains at the interface with the base insulating film, which has 
adversely affected the characteristics of transistors and the like. 

[0008] In order to solve the above problems, an object of the disclosed invention is to 
improve the crystallinity of an oxide semiconductor, specifically, to provide a 
crystalline oxide semiconductor film having a region in which crystallization proceeds 
into the interface with a base or the vicinity thereof. Another object of the disclosed 
invention is to provide a semiconductor device using such an oxide semiconductor 
film. 

[0009] A base surface or film touching an oxide semiconductor film is formed of a material 
having a melting point higher than that of a material used for the oxide semiconductor 
film. Accordingly, a crystalline region is allowed to exist in the vicinity of the interface 
with the base surface or film touching the oxide semiconductor film, 

[0010] The oxide semiconductor film is crystallized by irradiation with an energy beam, 
typically a laser beam. As the laser beam emitted to the oxide semiconductor film, a 
pulsed laser beam is preferably used. This is because a region irradiated with the laser 
beam can be instantaneously heated to a temperature which allows crystallization 
without causing thermal damage to a substrate over which the oxide semiconductor 
film is formed. 

[0011 ] The laser beam heating the oxide semiconductor film preferably has a short 
wavelength with energy higher than the band gap of the oxide semiconductor, whereby 
the laser beam is absorbed in the oxide semiconductor film. 

[0012] Note that the laser beam emitted to the oxide semiconductor film does not need to be 
completely absorbed in the oxide semiconductor film. When the oxide semiconductor 
film is irradiated with the laser beam, the oxide semiconductor film is heated to a high 
temperature. If the laser beam is not absorbed in the oxide semiconductor film and 
reaches the base surface or the base film, it may be absorbed in and heat the base 
surface or the base film. In any case, the oxide semiconductor film is instantaneously 
heated to a very high temperature (melting point or a temperature close to the melting 
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point). In the case where the base surface or film touching the oxide semiconductor 
film is made of a material having a melting point higher than the temperature to which 
the oxide semiconductor is heated, the material of the base surface or the base film is 
not melted, which prevents contamination of the oxide semiconductor with the melted 
material, 

[0013] The base surface or film touching the oxide semiconductor film is preferably formed 
of a material containing an element of Group 13 which is the same group as one of the 
elements included in the oxide semiconductor, or an element of Group 3 which has a 
property similar to that of the element of Group 13. For example, in the case of an 
oxide semiconductor including an oxide of indium and zinc, it is preferable to use an 
insulating metal oxide including an element belonging to the same group as indium, 
namely, Group 13, or an element having a property similar to that of the element of 
Group 13, namely an element of Group 3. As the element of Group 3, a lanthanum-
based element such as cerium or gadolinium may be used. As the metal oxide, 
aluminum oxide or gallium oxide is preferably selected as an example. 

[0014] Consideration will be given to the melting point of materials used for the base 
surface or film touching the oxide semiconductor film. Materials used for the oxide 
semiconductor that is to be compared have the following melting point: indium oxide, 
1565 degrees Celsius; and zinc oxide, 1975 degrees Celsius. On the other hand, 
aluminum oxide has a melting point of 2020 degrees Celsius, and thus is not melted 
even when indium oxide or zinc oxide is heated to a temperature high enough to be in­
stantaneously melted. Thus, the oxide semiconductor film can be prevented from being 
contaminated with the metal of the base. As another metal oxide, gadolinium oxide 
(melting point: 2310 degrees Celsius), zirconium oxide (melting point: 2715 degrees 
Celsius), yttria-stabilized zirconia (melting point: 2700 degrees Celsius), cerium oxide 
(melting point: 1950 degrees Celsius), or the like can be used. 

[0015] On the other hand, silicon oxide, which has a melting point of 1614 degrees Celsius 
to 1710 degrees Celsius, is expected to be melted in the case where indium oxide or 
zinc oxide is heated by a laser beam to a temperature high enough to be instan­
taneously melted. In that case, silicon which belongs to Group 14 different from that of 
a constituent element of the oxide semiconductor might inhibit crystallization of the 
oxide semiconductor. 

[0016] An oxide semiconductor film manufactured by irradiation with an energy beam, that 
is, a non-single-crystal oxide semiconductor film preferably includes a crystalline 
region having c-axis alignment. That is, a non-single-crystal oxide semiconductor film 
preferably includes a crystalline region in which the c-axis is aligned, a triangular or 
hexagonal atomic arrangement is included when seen from the direction of the a-b 
plane, the surface, or the interface, metal atoms are arranged in a layered manner or 
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metal atoms and oxygen atoms are arranged in a layered manner along the c-axis, and 
the direction of the a-axis or the b-axis is varied in the a-b plane (or the surface or the 
interface), that is, the ciystal rotates around the c-axis. Hereinafter, such a non-
single-crystal thin film is also referred to as a "thin film including CAAC-
OS". Note that CAAC-OS is the abbreviation of c-axis aligned crystalline oxide 
semiconductor. In other words, the thin film including CAAC-OS is crystallized along 
the c-axis and crystals are not always aligned with respect to the a-b plane. 

[0017] In a broad sense, the thin film including CAAC-OS means a non-single-crystal 
material including a phase which has a triangular, hexagonal, regular triangular, or 
regular hexagonal atomic arrangement when seen from the direction perpendicular to 
the a-b plane, and in which 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. 

[0018] Note that the thin film including CAAC-OS is not a single-crystal thin film, but is not 
entirely amorphous. In addition, the thin film including CAAC-OS includes a crys­
tallized portion (crystalline portion), but a grain boundary between one crystalline 
portion and another crystalline portion is not always identified by transmission electron 
microscope (TEM) or the like. 

[0019] In the case where oxygen is contained in the CAAC-OS, nitrogen may be substituted 
for part of oxygen. The c-axes of individual crystalline portions included in the thin 
film including CAAC-OS may be aligned in one direction (e.g., the direction per­
pendicular to a surface of a substrate over which the thin film including CAAC-OS is 
formed, or a surface, an interface, or the like of the thin film including CAAC-OS). Al­
ternatively, normals of the a-b planes of individual crystalline portions included in the 
thin film including CAAC-OS may be aligned in one direction (e.g., the direction per­
pendicular to the substrate surface or the surface or interface of the thin film including 
CAAC-OS). As an example of such a thin film including CAAC-OS, there is a 
material which is formed into a film shape and has a triangular or hexagonal atomic ar­
rangement when observed from the direction perpendicular to a surface of a film, a 
surface of a substrate, or an interface and in which metal atoms are arranged in a 
layered manner or metal atoms and oxygen atoms (or nitrogen atoms) are arranged in a 
layered manner when a cross section of the film is observed. 

[0020] When an oxide semiconductor film includes a crystalline region having c-axis 
alignment, improvement in carrier-transport properties (e.g., mobility) is expected and 
structure stabilization is achieved, which can result in improvement in properties and 
reliability of an element using such an oxide semiconductor film. 

[0021] In order that a crystalline region is included in an oxide semiconductor film, 
materials for a base surface or film touching the oxide semiconductor film are selected 
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as appropriate in the aforementioned manner, and moreover, it is preferable to remove 
impurities contained in the oxide semiconductor film itself. The impurities contained in 
the oxide semiconductor film are hydrogen, a hydroxyl group, water, and the like. 
Since hydrogen, a hydroxyl group, water, and the like can be contained in the process 
of forming the oxide semiconductor film, gas (hydrogen, water vapor, and the like) 
remaining in a deposition chamber is preferably reduced as much as possible. In 
addition, the oxide semiconductor film is preferably subjected to heat treatment to be 
dehydrated or dehydrogenated, whereby hydrogen, a hydroxyl group, water, and the 
like are removed. 

[0022] One embodiment of the present invention is a method for manufacturing an oxide 
semiconductor film, including the steps of: forming an oxide semiconductor film 
containing an oxide of at least one of indium and zinc so as to be in contact with an in­
sulating metal oxide film; and heating the oxide semiconductor film by irradiation with 
an energy beam so that the oxide semiconductor film includes a crystalline region. It is 
preferable that the insulating metal oxide film have a melting point higher than that of 
the oxide of indium or zinc. 

[0023] One embodiment of the present invention is a method for manufacturing a semi­
conductor device, including the steps of: forming an insulating metal oxide film; 
forming an oxide semiconductor film containing an oxide of at least one of indium and 
zinc so as to be in contact with the insulating metal oxide film; irradiating the oxide 
semiconductor film with an energy beam so that the oxide semiconductor film includes 
a crystalline region; and forming a transistor in which the oxide semiconductor film 
including the crystalline region is used as a channel formation region. It is preferable 
that the insulating metal oxide film have a melting point higher than that of the oxide 
of indium or zinc. A gate electrode can be formed before or after the insulating metal 
oxide film is formed. 

[0024] One embodiment of the present invention is a semiconductor device including: an in­
sulating metal oxide film; and an oxide semiconductor film which is in contact with the 
insulating metal oxide film, contains an oxide of at least one of indium and zinc, and 
includes a crystalline region with c-axis alignment. The crystalline region with c-axis 
alignment in the oxide semiconductor film also exists in the vicinity of the interface 
with the insulating metal oxide film. It is preferable that the insulating metal oxide film 
have a melting point higher than that of the oxide of indium or zinc. 

[0025] In this specification, when a component is "over" or "under" another component, the 
former component may be directly formed on the latter component, or still another 
component may be provided therebetween, 

[0026] In this specification, terms in a singular form which are used for description of the 
embodiments include a concept of plural, unless it is contextually clear that a singular 
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form or a plural form is intentionally used. Terms such as "include" and 
"have" indicate the existence of a feature, a number, a step, an operation, a 
component, a member, or a combination of any of these, which is described in this 
specification, and do not exclude the possibility that one or more other features, 
numbers, steps, operations, components, members, combinations of any of these, or the 
like may exist or be added. 

[0027] Unless otherwise specifically defined in this specification, all the terms that are used 
including the technical or scientific terms have the same meaning as the one generally 
understood by those who have conventional knowledge in the technical field to which 
the present invention belongs. The terms that are the same as the ones defined in a 
commonly-used dictionary should be interpreted as including the meaning consistent 
with the meaning in the context of the related art, and should not be interpreted as 
being ideally or excessively formal unless they are defined clearly in this specification. 

[0028] According to one embodiment of the present invention, a base surface or film 
touching an oxide semiconductor film is formed of a material having a melting point 
higher than that of a material used for the oxide semiconductor film, and an energy 
beam is emitted to the oxide semiconductor film, whereby the crystallinity of the oxide 
semiconductor film can be improved. That is, a crystalline region is allowed to exist in 
the vicinity of the interface with the base surface or film touching the oxide semi­
conductor film and in the vicinity of the interface with an insulating film formed on the 
base side. 
Brief Description of Drawings 

[0029] In the accompanying drawings: 
FIGS. 1A and IB are diagrams illustrating a method for manufacturing an oxide 

semiconductor film according to one embodiment of the present invention; 
FIGS. 2A to 2C are diagrams illustrating a method for manufacturing a top-gate 

transistor according to one embodiment of the present invention; 
FIGS. 3A and 3B are diagrams illustrating a method for manufacturing a bottom-gate 

transistor according to one embodiment of the present invention; 
FIG. 4 is a cross-sectional TEM image of a sample according to one example of the 

present invention; 
FIG. 5 is a cross-sectional TEM image of a sample according to one example of the 

present invention; 
FIG. 6 is a cross-sectional TEM image of a sample according to one example of the 

present invention; 
FIG. 7 is a cross-sectional TEM image of a sample according to one example of the 

present invention; 
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FIGS. 8A to 8D are electron diffraction images of a sample according to one example 
of the present invention; 
FIG. 9 is a model diagram showing a single crystal structure of InGaZn04; 
FIG. 10 is a diagram showing a Si substitution model; 
FIG. 11 is a diagram showing the final structure of the single crystal model; 
FIG, 12 is a diagram showing the final structure of the Si substitution model; and 
FIG. 13 is a graph showing the radial distribution function g(r) of each model. 
DETAILED DESCRIPTION OF THE INVENTION 

[0030] Embodiment of the invention disclosed in this specification will be described with 
reference to drawings. Note that the invention disclosed in this specification is not 
limited to the following embodiment, and it is apparent to those skilled in the art that 
modes and details can be modified in a wide variety of ways without departing from 
the spirit and scope of the invention. Therefore, the disclosed invention is not in­
terpreted as being limited to the description of the embodiment below. 

[0031 ] In the embodiment described below, the same parts are sometimes denoted with the 
same reference numerals in different drawings. Note that the thickness, the width, a 
relative position, and the like of components, namely, layers, regions, and the like il­
lustrated in the drawings are exaggerated in some cases for clarification in the de­
scription of the embodiment. 

[0032] FIGS. 1A and IB illustrate a method for manufacturing an oxide semiconductor film 
according to one embodiment of the present invention. In FIG. 1 A, a metal oxide film 
102 is provided over a substrate 100 and an oxide semiconductor film 104 is formed 
thereover. 

[0033] The metal oxide film 102 is formed of a material containing an element of Group 13 
which is the same group as one of the elements included in the oxide semiconductor 
film 104, or an element of Group 3 which has a property similar to that of the element 
of Group 13. For example, in the case where the oxide semiconductor film 104 is 
formed of an oxide semiconductor material containing oxides of indium and zinc, the 
metal oxide film 102 is preferably formed using an insulating metal oxide including an 
element belonging to the same group as indium, namely, Group 13, or an element 
having a property similar to that of the element of Group 13, namely an element of 
Group 3. As the element of Group 3, a lanthanum-based element such as cerium or 
gadolinium may be used. As the metal oxide, aluminum oxide or gallium oxide is 
preferably selected as an example. 

[0034] The material of the metal oxide film 102 preferably has a melting point higher than 
that of the material of the oxide semiconductor film 104. This is because, if the metal 
oxide film 102 is melted when the oxide semiconductor film 104 is heated to a tem­
perature close to its melting point, crystallization of the oxide semiconductor film 104 
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might be inhibited. Also, if the metal oxide film 102 is melted when the oxide semi­
conductor film 104 is heated, elements in the metal oxide film 102 might be diffused 
into the oxide semiconductor film 104 to cause contamination. In the case where the 
metal oxide film 102 is formed of a material having a melting point higher than that of 
the oxide semiconductor film 104, the metal oxide film 102 is not melted, which 
prevents contamination of the oxide semiconductor film 104 with the impurity 
element. 

[0035] Indium oxide and zinc oxide, which can be used as materials for the oxide semi­
conductor film 104, have melting points of 1565 degrees Celsius and 1975 degrees 
Celsius, respectively. On the other hand, aluminum oxide that can be used for the 
metal oxide film 102 has a melting point of 2020 degrees Celsius. Aluminum oxide is 
not melted even when indium oxide or zinc oxide is heated to a temperature high 
enough to be instantaneously melted. Thus, the oxide semiconductor film 104 can be 
prevented from being contaminated with the metal of the base. Instead of aluminum 
oxide, gadolinium oxide (melting point: 2310 degrees Celsius), zirconium oxide 
(melting point: 2715 degrees Celsius), yttria-stabilized zirconia (melting point: 2700 
degrees Celsius), cerium oxide (melting point: 1950 degrees Celsius), or the like can 
also be used. 

[0036] On the other hand, silicon oxide, which has a melting point of 1614 degrees Celsius 
to 1710 degrees Celsius, is expected to be melted in the case where indium oxide or 
zinc oxide is heated by a laser beam to a temperature high enough to be instan­
taneously melted. In that case, silicon which belongs to Group 14 different from that of 
a constituent element of the oxide semiconductor might inhibit crystallization of the 
oxide semiconductor film 104. 

[0037] An oxide semiconductor containing In (indium) atoms, Ga (gallium) atoms, and Zn 
(zinc) atoms, so-called IGZO, was mixed with Si (silicon) atoms, and the change in the 
structure of IGZO was studied by classical molecular dynamics simulation. In classical 
molecular dynamics simulation, empirical potential characterizing interaction between 
atoms is defined, whereby force acting on each atom is evaluated, and Newton's 
equation of motion is numerically solved, whereby motion (time-dependent change) of 
each atom can be deterministically tracked. 

[0038] Calculation models and calculation conditions are as follows. Note that in the cal­
culation, the Born-Mayer-Huggins potential was used. 

[0039] A single crystal structure of InGaZn04 including 1680 atoms (see FIG. 9) and a 
structure of InGaZn04 including 1680 atoms in which 20 atoms of each of In, Ga, and 
Zn were substituted by Si atoms (see FIG. 10) were formed. In the Si substitution 
model, Si atoms were included at 3.57 atoms% (2.34 wt%). The density of the single 
crystal model was 6.36 g/cm3, and the density of the Si substitution model was 6.08 g/ 
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cm3. 
[0040] At 1727 degrees Celsius which is equal to or lower than the melting point of the 

InGaZn04 single crystal (about 2000 degrees Celsius according to the estimation by 
classical molecular dynamics simulation), structure relaxation was performed by 
classical molecular dynamics simulation at a fixed pressure (1 atm) for 150 psec (time 
step width 0.2 fsec * 750000 steps). The radial distribution functions g(r) of the two 
structures were calculated. Note that the radial distribution function g(r) is a function 
representing the probability density of atoms existing at a distance of r from one atom. 
As the con-elation between atoms disappears, g(r) is close to 1. 

[0041 ] FIG. 11 and FIG. 12 respectively show the final structures of the above two cal­
culation models, which are obtained by performing the classical molecular dynamics 
simulation for 150 psec. The radial distribution function g(r) in each structure is shown 
in FIG. 13. 

[0042] The single crystal model shown in FIG. 11 is stable and keeps the crystal structure 
even in the final structure, whereas the Si substitution model shown in FIG. 12 is 
unstable, and it can be observed that the ciystal structure is distorted with time and 
changes into an amoiphous structure. When the radial distribution functions g(r) of the 
structural models are compared with each other in FIG. 13, it is found that the single 
crystal model has peaks even at a long distance and has a long-range order. On the 
other hand, it is found that in the Si substitution model, the peak disappears at a 
distance of about 0.6 nm, and the Si substitution model does not have a long-range 
older. 

[0043] These calculation results indicate that mixing of silicon into IGZO might inhibit crys­
tallization of IGZO and IGZO might be made amorphous. Accordingly, in the case 
where silicon oxide is melted when indium oxide or zinc oxide is heated by a laser 
beam to a temperature high enough to be instantaneously melted, crystallization of the 
oxide semiconductor film 104 is thought to be inhibited by silicon which belongs to 
Group 14 different from that of a constituent element of the oxide semiconductor. 

[0044] Note that the metal oxide film 102 can be omitted in the case where the substrate 100 
is formed of an insulating metal oxide material including an element belonging to the 
same group as indium, namely, Group 13, or an element having a property similar to 
that of the element of Group 13, namely an element of Group 3. This is because in that 
case, a base surface of the oxide semiconductor film 104 is formed of a material 
including an element of Group 13 which is the same group as one of the constituent 
elements of the oxide semiconductor film 104, or an element of Group 3 which has a 
property similar to that of element of Group 13. 

[0045] The oxide semiconductor film 104 is formed by sputtering or laser beam evaporation, 
When the oxide semiconductor film 104 is formed, as treatment before deposition, it is 
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preferable to remove impurities such as hydrogen or moisture adsorbed in a deposition 
chamber and evacuate the deposition chamber, thereby preventing hydrogen or 
moisture from being contained in the film. In order to remove such impurities from the 
deposition chamber, an entrapment vacuum pump (such as a cryopump, an ion pump, 
or a titanium sublimation pump) is preferably used. As the evacuation unit, a turbo 
molecular pump to which a cold trap is added may be used. 

[0046] An oxide semiconductor used for the oxide semiconductor film 104 preferably 
contains at least indium (In) or zinc (Zn). In particular, In and Zn are preferably 
contained. Further, as a stabilizer for reducing the variation in electric characteristics of 
a transistor using the oxide, the oxide semiconductor preferably contains gallium (Ga) 
in addition to In and Zn. Tin (Sn) is also preferably contained as a stabilizer. It is also 
preferable that one or more kinds of elements selected from hafnium (Hf), zirconium 
(Zr), and a lanthanum-based element (e.g., cerium (Ce), neodymium (Nd), or 
gadolinium (Gd)) be contained as a stabilizer. 

[0047] As the oxide semiconductor, the following can be used for example: an indium 
oxide; a tin oxide; a zinc oxide; a two-component metal oxide such as an In-Zn-based 
oxide, a Sn-Zn-based oxide, an Al-Zn-based oxide, a Zn-Mg-based oxide, a Sn-
Mg-based oxide, an In-Mg-based oxide, or an In-Ga-based oxide; a three-component 
metal oxide such as an In-Ga-Zn-based oxide (also referred to as IGZO), an In-
Al-Zn-based oxide, an In-Sn-Zn-based oxide, a Sn-Ga-Zn-based oxide, an Al-
Ga-Zn-based oxide, a Sn-Al-Zn-based oxide, an In-Hf-Zn-based oxide, an In-
La-Zn-based oxide, an In-Ce-Zn-based oxide, an In-Pr-Zn-based oxide, an In-
Nd-Zn-based oxide, an In-Sm-Zn-based oxide, an In-Eu-Zn-based oxide, an In-
Gd-Zn-based oxide, an ln-Tb-Zn-based oxide, an In-Dy-Zn-based oxide, an In-
Ho-Zn-based oxide, an In-Er-Zn-based oxide, an In-Tm-Zn-based oxide, an In-
Yb-Zn-based oxide, or an In-Lu-Zn-based oxide; and a four-component metal oxide 
such as an In-Sn-Ga-Zn-based oxide, an In-Hf-Ga-Zn-based oxide, an In-
Al-Ga-Zn-based oxide, an In-Sn-Al-Zn-based oxide, an In-Sn-Hf-Zn-based oxide, or 
an In-Hf-Al-Zn-based oxide. 

[0048] Here, an In-Ga-Zn-based oxide refers to an oxide mainly containing In, Ga, and Zn 
and there is no particular limitation on the ratio of In, Ga, and Zn. An In-Ga-Zn-based 
oxide may contain another metal element in addition to In, Ga, and Zn. 

[0049] Alternatively, a material represented by InM03(Zn0)m (m > 0 is satisfied, and m is 
not an integer) may be used as an oxide semiconductor. Note that M represents one or 
more metal elements selected from Ga, Fe, Mn, and Co, or the elements described 
above as a stabilizer. Further alternatively, a material represented by InvSnO<,(ZnO)n (n 
> 0, and n is an integer) may be used as the oxide semiconductor. 

[0050] For example, an ln-Ga-Zn-based oxide with an atomic ratio of In: Ga: Zn = 1:1:1 (= 
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1/3: 1/3: 1/3) or In: Ga: Zn = 2:2:1 (= 2/5: 2/5: 1/5), or any of oxides whose com­
position is close to the above compositions can be used. Alternatively, an In-
Sn-Zn-based oxide with an atomic ratio of In: Sn: Zn = 1:1:1 (= 1/3: 1/3: 1/3), In: Sn: 
Zn = 2:1:3 (= 1/3: 1/6: 1/2), or In: Sn: Zn = 2:1:5 (= 1/4: 1/8: 5/8), or any of oxides 
whose composition is close to the above compositions may be used. 

[0051] Further, the oxide semiconductor film 104 may be subjected to heat treatment for 
removing excess hydrogen, hydroxyl groups, or water (dehydration or dehydro-
genation). The heat treatment is performed at a temperature of 300 degrees Celsius to 
700 degrees Celsius, or a temperature lower than the strain point of the substrate. The 
heat treatment can be performed under reduced pressure, a nitrogen atmosphere, or the 
like. For example, the substrate 100 is put in an electric furnace that is a kind of heat 
treatment apparatus, and heat treatment is performed on the oxide semiconductor film 
104 for one hour at 450 degrees Celsius in a nitrogen atmosphere. 

[0052] The oxide semiconductor film 104 is preferably heated by irradiation with an energy 
beam, typically a laser beam. As the laser beam emitted to the oxide semiconductor 
film 104, a pulsed laser beam is preferably used. This is because a region irradiated 
with the laser beam can be instantaneously heated to a temperature which allows crys­
tallization without causing thermal damage to the substrate on which the oxide semi 
conductor film 104 is formed. 

[0053] The laser beam heating the oxide semiconductor film 104 preferably has a short 
wavelength with energy higher than the band gap of the oxide semiconductor, whereby 
the laser beam is absorbed in the oxide semiconductor film 104. An example of the 
light source of a laser beam having such a wavelength is an excimer laser. As the 
excimer laser, XeCl (308 nm), KrF (248 nm), ArF (193 nm), or the like can be used. 
The third harmonic of a Y AG laser or the like may also be used. 

[0054] Note that the laser beam emitted to the oxide semiconductor film 104 does not need 
to be completely absorbed in the oxide semiconductor film 104, When the oxide semi­
conductor film 104 is irradiated with the laser beam, the oxide semiconductor film 104 
is heated to a high temperature. If the laser beam is not absorbed in the oxide semi­
conductor film 104 and reaches the metal oxide film 102, it may be absorbed and 
heated in the metal oxide film 102. In any case, the oxide semiconductor film 104 is in­
stantaneously heated to a very high temperature (melting point or a temperature close 
to the melting point). In the case where the metal oxide film 102 is made of a material 
having a melting point higher than the temperature to which the oxide semiconductor 
film 104 is heated, the material of the metal oxide film 102 is not melted, which 
prevents contamination of the oxide semiconductor with the material of the base. 

[0055] The metal oxide film 102 is formed of a material having a melting point higher than 
that of the oxide semiconductor film 104 and the oxide semiconductor film 104 is ir­
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radiated with an energy beam to be heated, whereby a non-single-crysta! oxide semi­
conductor film 105 including a crystalline region can be obtained (FIG. IB). As 
described in the following Examples, the crystalline region included in the oxide semi­
conductor film 105 can be observed also in a region of 2 nm or less from the interface 
between the metal oxide film 102 and the oxide semiconductor film 105. The 
crystalline region observed in the oxide semiconductor film 105 includes a c-axis 
aligned crystal, and in the oxide semiconductor film 105 obtained, such a crystalline 
region is almost in contact with the interface between the metal oxide film 102 and the 
oxide semiconductor film 105. 

[0056] When the oxide semiconductor film including a crystalline region is manufactured, 
the surface of the metal oxide film 102 is preferably planarized. There is no limitation 
on the method of planarizing treatment; polishing treatment (e.g., chemical mechanical 
polishing (CMP)), dry-etching treatment, plasma treatment, or a combination of these 
can be performed. As the plasma treatment, for example, reverse sputtering in which 
an argon gas is introduced and plasma is generated can be performed. The reverse 
sputtering is a method in which voltage is applied to a substrate side with use of an RF 
power source in an argon atmosphere and plasma is generated in the vicinity of the 
substrate so that a substrate surface is modified. 

[0057] The degree of planarization is preferably as follows: an average surface roughness 
(Ra) of I nm or less, preferably 0.3 nm or less, and more preferably 0.1 nm or less. 
Note that Ra is obtained by expanding arithmetic average roughness, which is defined 
by JIS B0601: 2001 (IS04287: 1997), into three dimensions so as to be applicable to a 
curved surface, and Ra is represented by an "average value of the absolute 
values of deviations from a reference surface to a specific surface". Such pla­
narization of the surface of the metal oxide film 102 (or the base surface) is expected to 
allow the crystalline region in the oxide semiconductor film 105 to be formed at the 
interface with the base or the vicinity thereof. 

[0058] The metal oxide film 102 is not necessarily a single layer, and may have a layered 
structure including a plurality of films. In that case, only a layer touching the oxide 
semiconductor film 104 needs to satisfy the aforementioned conditions (material, 
melting point, planarity, and the like). For example, the metal oxide film 102 can have 
a layered structure of a silicon oxide film and an aluminum oxide film. In that case, the 
aluminum oxide film may be provided in contact with the oxide semiconductor film. 

[0059] Next, a method for manufacturing a semiconductor device using the non-
single-crystal oxide semiconductor film 105 will be described with reference to FIGS. 
2A to 2C. FIGS. 2A to 2C illustrate manufacturing steps of a transistor which is an 
element of the semiconductor device. In FIGS. 2A to 2C, a top-gate transistor is il­
lustrated as an example. 
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[0060] In FIG. 2A, the metal oxide film 102, the oxide semiconductor film 105, a gate in­
sulating film 106, and a gate electrode 108 are formed over the substrate 100. The 
metal oxide film 102 and the oxide semiconductor film 105 are similar to those il­
lustrated in FIGS. lAand IB.The oxide semiconductor film 105 may be processed 
into an island shape by etching in accordance with the shape of the transistor. 

[0061] The substrate 100 can be made of various kinds of materials such as glass, metals, or 
semiconductors. The metal oxide film 102 is formed of an insulating metal oxide. The 
film made of an insulating metal oxide can be manufactured by sputtering, 
evaporation, or vapor deposition. As described above, aluminum oxide or gallium 
oxide, which is an oxide of an element belonging to Group 13 or an element of Group 
3 which has a property similar to that of the element of Group 13, is preferably used 
for the metal oxide film 102. Such a metal oxide preferably contains a larger amount of 
oxygen as compared to the amount in the stoichiometric ratio of the metal oxide, which 
allows oxygen to be supplied to the oxide semiconductor film 105 in contact with the 
metal oxide film 102, and prevents generation of oxygen deficiency in the oxide semi­
conductor film 105. 

[0062] The oxide semiconductor film 105 may have a thickness of 1 nm to 200 nm 
(preferably 5 nm to 30 nm). Note that the oxide semiconductor film 105 preferably 
contains a large amount of oxygen (preferably has a region including an excess amount 
of oxygen as compared to the amount in the stoichiometric ratio of an oxide semi­
conductor in a crystalline state). This is to prevent generation of defects due to oxygen 
deficiency in the oxide semiconductor film 105. 

[0063] The gate insulating film 106 can be formed using a silicon oxide film, a gallium 
oxide film, an aluminum oxide film, a silicon nitride film, a silicon oxynitride film, an 
aluminum oxynitride film, or a silicon nitride oxide film. A portion of the gate in­
sulating film 106, which is in contact with the oxide semiconductor film 105, 
preferably contains oxygen. In the gate insulating film 106, oxygen in a film (a bulk) 
preferably exists in an amount of at least more than the amount in the stoichiometric 
ratio; for example, in the case where a silicon oxide film is used as the gate insulating 
film 106, the composition formula is SiCte+«(a > 0). Similarly, in the case where 
aluminum oxide is used, the composition formula is Ah03+a(a > 0). 

[0064] Further, gate leakage current can be reduced when the gate insulating film 106 is 
formed using a high-k material such as hafnium oxide, yttrium oxide, hafnium silicate 
(HfSixOy (x > 0, y > 0)), hafnium silicate to which nitrogen is added (HfSiO„Ny (x > 0, 
y > 0)), hafnium aluminate (HfAl,Oy (x > 0, y > 0)), or lanthanum oxide. In addition, 
the gate insulating film 106 may have a single-layer structure or a layered structure. 

[0065] The gate insulating film 106 has a thickness of I nm to 100 nm, and can be formed 
by sputtering, MBE, CVD, pulse laser deposition, ALD, or the like as appropriate. The 
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gate insulating film 106 may also be formed using a sputtering apparatus with which 
deposition is performed with surfaces of a plurality of substrates set substantially per­
pendicular to a surface of a sputtering target. 

[0066] The gate electrode 108 can be formed of: a metal material such as molybdenum, 
titanium, tantalum, tungsten, aluminum, copper, chromium, neodymium, or scandium; 
an alloy material which includes any of these materials as a main component; poiy-
crystalline silicon doped with an impurity element such as phosphorus; silicide such as 
nickel silicide; 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; indium tin oxide to which silicon 
oxide is added; or a metal oxide containing nitrogen, specifically an In-Ga-Zn-O film 
containing nitrogen, an In-Sn-O film containing nitrogen, an In-Ga-0 film containing 
nitrogen, an In-Zn-O film containing nitrogen, a Sn-G film containing nitrogen, an In-
O film containing nitrogen, or a metal nitride (e.g., InN or SnN) film. If the gate 
electrode 108 is made of a material having a work function of 5 eV or higher, 
preferably 5.5 eV or higher, the transistor can have a positive threshold voltage, 
whereby a so-called normally-off transistor can be obtained. 

[0067] In FIG. 2B, sidewall insulating films 110 on the gate electrode 108, and low-
resistance regions 112 are formed. The low-resistance regions 112 are used as a source 
region and a drain region of the transistor. The sidewall insulating films 110 may be 
formed of an insulating material as appropriate. 

[0068] The low-resistance regions 112 have a resistance lower than that of a channel 
formation region (a region of the oxide semiconductor film 105, which substantially 
overlaps the gate electrode 108). The low-resistance regions 112 can be formed by 
adding any of the following elements as a dopant: the elements of Group 15 (typically 
phosphorus, arsenic, and antimony), boron, aluminum, nitrogen, argon, helium, neon, 
indium, fluorine, chlorine, titanium, and zinc. 

[0069] The low-resistance regions 112 can be formed in such a manner that ions of any of 
the aforementioned elements are added to the oxide semiconductor film 105 by an ion 
implantation method, an ion doping method, a plasma immersion ion implantation 
method, or the like. For example, in the case where boron is added to the oxide semi­
conductor film 105 by the ion implantation method, the acceleration voltage and the 
dosage may be set to 5 kV to 30 kV and 1 * 10" ions/cm2 to 5 * 1016 ions/cm2, re­
spectively. In any case, the low-resistance regions 112 preferably contain a dopant at a 
concentration of 5 * 1018 /cm3 to 1 * 1022 /cm3. 

[0070] In FIG. 2C, a passivation film 114, an interlayer insulating film 116, and wirings 118 
are formed. 

[0071 ] The passivation film 114 is preferably formed of the same kind of material as the 
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metal oxide film 102. That is, the passivation film 114 is made of a material containing 
an element of Group 13 which is the same group as one of the elements included in the 
oxide semiconductor film 105, or an element of Group 3 which has a property similar 
to that of the element of Group 13, whereby contamination of the oxide semiconductor 
film 105 with a different kind of element can be prevented while heat resistance is 
maintained. Aluminum oxide is one of the preferable materials of the passivation film 
114, which is suitable because of its high barrier properties against hydrogen and 
moisture. 

0072| Heat treatment may be performed before or after the passivation film 114 is formed. 
The heat treatment is preferably performed in an oxygen atmosphere or a dry air at­
mosphere (with a water content of 20 ppm or less, preferably 1 ppm or less, and more 
preferably 10 ppb or less), and the heating temperature may be 100 degrees Celsius to 
700 degrees Celsius, preferably 200 degrees Celsius to 400 degrees Celsius. This 
treatment is expected to allow oxygen to be supplied to the oxide semiconductor film 
105 from the insulating films touching the oxide semiconductor film 105 (the metal 
oxide film 102, the gate insulating film 106, and the passivation film 114), which leads 
to reduction in oxygen deficiency. 

[0073] The interlayer insulating film 116 may be formed of an inorganic insulating material 
such as silicon oxide or an organic insulating material such as polyimide or acrylic. 
The wirings 118 can be formed using a metal film including an element selected from 
aluminum, chromium, copper, tantalum, titanium, molybdenum, and tungsten; a metal 
nitride film including any of the above elements as a component (a titanium nitride 
film, a molybdenum nitride film, or a tungsten nitride film); or the like. Alternatively, 
the wirings 118 may have a structure in which a film of a high-melting-point metal 
such as titanium, molybdenum, or tungsten, or a nitride film of any of these metals (a 
titanium nitride film, a molybdenum nitride film, or a tungsten nitride film) is stacked 
on either or both of the bottom surface and the top surface of a metal film of 
aluminum, copper, or the like. 

[0074] When the transistor is manufactured in such a manner, the crystallinity is improved 
particularly in the channel formation region of the oxide semiconductor film 105, so 
that high field-effect mobility can be obtained. That is, a crystalline region with c-axis 
alignment exists in close contact with the metal oxide film, so that suppressed variation 
in threshold voltage as well as a reduction in interface states and an increase in field-
effect mobility can be expected. Similarly to a silicon integrated circuit, a top-gate 
transistor can be manufactured by a planar process (a process in which an element and 
a terminal electrode of the element are formed over the same plane surface), which is 
advantageous in miniaturization of the transistor. Accordingly, the transistor can be 
used not only for a pixel matrix of a display panel, but also for a memory and logic 
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circuit. 
[0075 J Next, a method for manufacturing a semiconductor device using the non-

single-crystal oxide semiconductor film 105, which is different from that illustrated in 
FIGS. 2A to 2C, will be described with reference to FIGS. 3A and 3B. In FIGS. 3A 
and 3B, a bottom-gate transistor is illustrated as an example. 

[0076] As illustrated in FIG. 3A, in the bottom-gate transistor, the gate electrode 108, the 
gate insulating film 106, and the oxide semiconductor film 105 are formed in order 
over the substrate 100. A layer corresponding to the metal oxide film 102 is provided 
between the gate insulating film 106 and the oxide semiconductor film 105. The metal 
oxide film 102 has an effect similar to that described with reference to FIGS. 2A to 2C. 
The metal oxide film 102 is formed of an insulating metal oxide and thus practically 
functions as a gate insulating film. Therefore, the metal oxide film 102 illustrated in 
FIG. 3A can be omitted if the gate insulating film 106 is formed of a material 
containing an element of Group 13 which is the same group as one of the elements 
included in the oxide semiconductor film 105, or an element of Group 3 which has a 
property similar to that of element of Group 13. 

[0077] In FIG. 3B, a pair of wirings 118 is provided in contact with the oxide semiconductor 
film 105 including a crystalline region. Furthermore, as illustrated in FIG. 3B, an in­
sulating layer 120 serving as a channel protective film may be provided so as to sub­
stantially overlap a region (a channel formation region) of the oxide semiconductor 
film 105, which overlaps the gate electrode 108. Since the insulating layer 120 is in 
contact with the oxide semiconductor film 105, it is preferably made of the same kind 
of insulating material as the metal oxide film 102. 

[0078J The passivation film 114 is provided over the wirings 118 so as to cover the oxide 
semiconductor film 105, and made of a material containing an element of Group 13 
which is the same group as one of the elements included in the oxide semiconductor 
film 105, or an element of Group 3 which has a property similar to that of the element 
of Group 13, whereby contamination of the oxide semiconductor film 105 with a 
different kind of element can be prevented while heat resistance is maintained. 
Aluminum oxide is one of the preferable materials of the passivation film 114, which 
is suitable because of its high barrier properties against hydrogen and moisture. 
Further, before or after the passivation film 114 is formed, heat treatment may be 
performed in an oxygen atmosphere or a dry air atmosphere (with a water content of 
20 ppm or less, preferably 1 ppm or less, and more preferably 10 ppb or less). 

[0079] When the transistor is manufactured in such a manner, the crystallinity is improved 
particularly in the channel formation region of the oxide semiconductor film 105, so 
that high field-effect mobility can be obtained. That is, a crystalline region with c-axis 
alignment exists in close contact with the metal oxide film, whereby suppressed 
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variation in threshold voltage as well as a reduction in interface density and an increase 
in field-effect mobility can be expected. 
Example 1 

[00801 In this example, an oxide semiconductor film according to one embodiment of the 
present invention is formed and observed using a transmission electron microscope 
(TEM), and the results thereof will be described. 

[0081 ] In this example, a sample A was manufactured: a silicon oxide film (with a thickness 
of 300 nm) was deposited over a glass substrate (AN 100 manufactured by Asahi Glass 
Co., Ltd.), an aluminum oxide film (with a thickness of 20 nm) was deposited over the 
silicon oxide film, and an IGZO film (with a thickness of 30 nm) was deposited as an 
oxide semiconductor film over the aluminum oxide film. As a comparative example, a 
sample B was manufactured: a silicon oxide film (with a thickness of 300 nm) was 
deposited over a glass substrate (AN 100 manufactured by Asahi Glass Co., Ltd.), and 
an IGZO film (with a thickness of 30 nm) was deposited as an oxide semiconductor 
film over the silicon oxide film. 

[0082J That is to say, in the sample A, the aluminum oxide film serves as a base insulating 
film of the IGZO film; and in the sample B, the silicon oxide film serves as a base in­
sulating film of the IGZO film. 

[0083] Manufacturing processes of the sample A and the sample B will be described below, 
[0084] First, in the sample A and the sample B, a silicon oxide film was formed over a glass 

substrate so as to have a thickness of 300 nm. The silicon oxide film was deposited by 
sputtering under the following conditions: target, silicon oxide (Si02); Ar gas flow 
rate, 25 seem; 02 gas flow rate, 25 seem; pressure, 0.4 Pa; substrate temperature, 100 
degrees Celsius; and high-frequency (RF) power, 2 kW. 

[0085] Furthermore, in the sample A, an aluminum oxide film was formed over the silicon 
oxide film so as to have a thickness of 20 nm. The aluminum oxide film was deposited 
by sputtering under the following conditions: target, aluminum oxide (A1203); Ar gas 
flow rate, 25 seem; 02 gas flow rate, 25 seem; pressure, 0.4 Pa; substrate temperature, 
250 degrees Celsius; and high-frequency (RF) power, 1.5 kW. In this manner, the 
aluminum oxide film serves as a base insulating film of an IGZO film in the sample A. 

[0086J In the sample B, the surface of the silicon oxide film was subjected to chemical me­
chanical polishing (CMP) treatment. The CMP treatment was performed using a 
polyurethane-based polishing cloth and silica-based slurry so that the average surface 
roughness (Ra) of the silicon oxide film was 0.2 nm. The treatment temperature was 
room temperature, the polishing pressure was 0.001 MPa, the spindle rotation speed 
was 56 rpm, and the table rotation speed was 60 rpm. After the CMP treatment, the 
sample B was soaked in ozone water for 30 seconds to be cleaned. The silicon oxide 
film with the thus planarized surface serves as a base insulating film of an IGZO film 
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in the sample B. 
[0087] Then, in each of the sample A and the sample B, an In-Ga-Zn-O-based oxide semi­

conductor film (IGZO film) was deposited over the base insulating film so as to have a 
thickness of 30 nm. The IGZO film was deposited by sputtering using a target having a 
composition of ln203: Ga203: ZnO = 1:1:2 [molar ratio]. The deposition conditions in 
sputtering were as follows: pressure, 0.4 Pa; substrate temperature, 300 degrees 
Celsius; and high-frequency (RF) power, 0.5 kW. As for the deposition gas flow rate, 
in the sample A, an Ar gas flow rate of 30 seem and an 0> gas flow rate of 15 seem 
were satisfied, and in the sample B, an 02 gas flow rate of 45 seem was satisfied. 

[0088] The IGZO films thus deposited in the sample A and the sample B were irradiated 
with a laser beam. A XeCI excimer laser (with a wavelength of 308 nm) was used as a 
laser oscillator, and the number of beam shots was set to about 10. The laser beam ir­
radiation was performed at room temperature in the air while the irradiation surface 
was sprayed with an oxygen gas. Note that the energy density of the laser beam was 
349 mJ/cmJand 325 mJ/cm2 in the sample A and the sample B, re­
spectively. 

[0089] FIG. 4 and FIG. 5 are cross-sectional TEM images of the sample A and the sample B, 
respectively, which were taken with a TEM. FIG. 4 is a cross-sectional TEM image of 
the sample A at 4000000-fold magnification and FIG. 5 is a cross-sectional TEM 
image of the sample B at 4000000-fold magnification. Note that in this example, the 
cross-sectional TEM images were taken using H-9000NAR manufactured by Hitachi 
High-Technologies Corporation, with an accelerating voltage of 300 kV. 

[0090] FIG, 4 shows that in the sample A, the IGZO film formed over the aluminum oxide 
film has a lattice pattern from the surface of the IGZO film to the interface between the 
aluminum oxide film and the IGZO film, and thus has crystallinity. In particular, in a 
region of 2 nm or less from the interface between the aluminum oxide film and the 
IGZO film, a lattice pattern can be observed in the IGZO film. In addition, a layered 
lattice pattern can be observed in the IGZO film with crystallinity, which shows that 
the IGZO film includes a crystal having a c-axis substantially perpendicular to the 
surface of the IGZO film. 

[0091 ] FIG. 5 shows that in the sample B, the IGZO film formed over the silicon oxide film 
has a lattice pattern from the surface of the IGZO film to a region shallower than the 
interface between the silicon oxide film and the IGZO film, and thus has crystallinity, 
Further, like in the sample A, a layered lattice pattern is observed in the IGZO film 
with crystallinity, which shows that the IGZO film includes a crystal having a c-axis 
substantially perpendicular to the surface of the IGZO film. However, in the vicinity of 
the interface between the silicon oxide film and the IGZO film, particularly in a region 
of 2 nm or less from the interface between the silicon oxide film and the IGZO film, a 
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lattice pattern cannot be observed and the IGZO film is made amorphous. 
[0092J Table 1 shows the melting points of the respective components in the IGZO film (In2 

03, Ga>0,, ZnO), the aluminum oxide film (A1203), and the silicon oxide film (Si02), 
which were used in the sample A and the sample B. Note that melting points a are 
values extracted from New Vacuum Handbook edited by Ulvac Inc. (Ohmsha); and 
melting points b are values extracted from Iwanami Physical and Chemical Dictionary 
4lh edition edited by Ryogo KUBO, Saburo NAGAKURA, Hiroo INOKUCHI, and 
Hiroshi EZAWA (Iwanami Shoten). 

L0093] [Table 1| 

Material melting point a("C) melting point b(°C) 

' IGZO 

In2Oj 1565 1910 

' IGZO Ga203 1900 1740 ' IGZO 

ZnO 1975 1980 

Base insulating film 
AI1O3 2020 2050 

Base insulating film 
SiO, 1614-1710 1730 

[0094] Table 1 shows that the aluminum oxide film used as the base insulating film in the 
sample A has a melting point higher than that of each metal oxide contained in the 
IGZO film. On the contrary, the silicon oxide film used as the base insulating film in 
the sample B has a melting point lower than that of each metal oxide contained in the 
IGZO film with the exception of some components. 

[00951 From the above, it is deduced that in the sample B, the silicon oxide film having a 
melting point lower than that of each component in the IGZO film is melted when the 
IGZO film is melted by laser irradiation. Furthermore, recrystallization of the IGZO 
film might be inhibited because of silicon atoms entering the IGZO film at the 
interface between the IGZO film and the silicon oxide film. 

[0096] On the other hand, in the sample A, it is deduced that the aluminum oxide film is not 
melted when the IGZO film is melted by laser irradiation because the aluminum oxide 
film functioning as the base insulating film has a melting point higher than that of each 
component in the IGZO film. It is thus thought that the aluminum oxide film does not 
inhibit recrystallization of IGZO and the IGZO film is crystallized with regular 
alignment even in the vicinity of the interface between the IGZO film and the 
aluminum oxide film. 

[0097j From the above, it was found that an IGZO film with good crystallinity could be 
formed when the IGZO film was deposited over an aluminum oxide film and irradiated 
with a laser beam to be recrystallized. 
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Example 2 
[0098] In this example, an oxide semiconductor film according to one embodiment of the 

present invention is formed, the oxide semiconductor film is observed using a TEM 
and analyzed by electron diffraction measurement, and the results will thereof be 
described. 

[0099] In this example, a sample C was manufactured: a silicon oxide film (with a thickness 
of 300 nm) was deposited over a glass substrate (AN 100 manufactured by Asahi Glass 
Co., Ltd.), an yttria-stabilized zirconia (YSZ) film (with a thickness of 10 nm) was 
deposited over the silicon oxide film, and an IGZO film (with a thickness of 20 nm) 
was deposited as an oxide semiconductor film over the YSZ film. 

[0100] That is to say, in the sample C, the YSZ film serves as a base insulating film of the 
IGZO film. 

[0101 ] Manufacturing process of the sample C will be described below. 
[0102] First, a silicon oxide film was formed over a glass substrate so as to have a thickness 

of 300 nm. The silicon oxide film was deposited by sputtering under the following 
conditions: target, silicon oxide (Si02); Ar gas flow rate, 25 seem; 02 gas flow rate, 25 
seem; pressure, 0.4 Pa; substrate temperature, 100 degrees Celsius; and high-frequency 
(RF) power, 2 kW. 

[0103] Then, the surface of the silicon oxide film was subjected to CMP treatment. The 
CMP treatment was performed using a polyurethane-based polishing cloth and silica-
based slurry so that the average surface roughness (Ra) of the silicon oxide film was 
0.15 nm. The treatment temperature was room temperature, the polishing pressure was 
0.001 MPa, the spindle rotation speed was 56 lpm, and the table rotation speed was 60 
rpm. After the CMP treatment, the sample C was soaked in ozone water for 30 seconds 
to be cleaned. 

[0104] Next, a YSZ film was formed over the silicon oxide film so as to have a thickness of 
10 nm. The YSZ film was deposited by sputtering using a target having a composition 
of ZrO>: Y>0< = 92:8 [molar ratio]. The deposition conditions were as follows: Ar gas 
flow rate, 20 seem; 03 gas flow rate, 20 seem; pressure, 0.4 Pa; substrate temperature, 
room temperature; and high-frequency (RF) power, 0.5 kW. The thus deposited YSZ 
film serves as a base insulating film of the IGZO film in the sample C. 

[0105] Then, an In-Ga-Zn-O-based oxide semiconductor film (IGZO film) was deposited 
over the YSZ film so as to have a thickness of 20 nm. The IGZO film was deposited by 
sputtering using a target having a composition of ln203: Ga203: ZnO = 1:1:2 [molar 
ratio]. The deposition conditions in sputtering were as follows: 02 gas flow rate, 45 
seem; pressure, 0.4 Pa; substrate temperature, 300 degrees Celsius; and high-frequency 
(RF) power, 0.5 kW. 

[0106] The thus deposited IGZO film was irradiated with a laser beam. A XeCl excimer 
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laser (with a wavelength of 308 nm) was used as a laser oscillator, and the number of 
beam shots was set to about 10. The laser beam irradiation was performed at room 
temperature in the air while the irradiation surface was sprayed with an oxygen gas. 
Note that the energy density of the laser beam was 580 mJ/cm2. 

[0107] FIG. 6 is a cross-sectional TEM image of the sample C, which was taken with a 
TEM. FIG. 6 is a cross-sectional TEM image of the sample C at 4000000-fold magni­
fication. Note that in this example, the cross-sectional TEM image was taken using H-
9000NAR manufactured by Hitachi High-Technologies Coiporation, with an ac­
celerating voltage of 300 kV. 

[0108] FIG. 6 shows that in the sample C, like in the sample A, the IGZO film formed over 
the YSZ film has a lattice pattern from the surface of the IGZO film to the interface 
between the YSZ film and the IGZO film, and thus has crystallinity. In particular, in a 
region of 2 nm or Less from the interface between the YSZ film and the IGZO film, a 
lattice pattern can be observed in the IGZO film. In addition, a layered lattice pattern 
can be observed in the IGZO film with crystallinity, which shows that the IGZO film 
includes a crystal having a c-axis substantially perpendicular to the surface of the 
IGZO film. 

[0109] Further, in the sample C, a lattice pattern can be observed also in the YSZ film, 
which shows that the YSZ film also has crystallinity. Note that different from the 
layered lattice pattern in the IGZO film, the arrangement of the lattice pattern in the 
YSZ film varies depending on area in the YSZ film. From this, it is deduced that the 
YSZ film has a polycrystalline structure. 

[0110] In addition, electron diffraction images of the sample C were taken with a TEM. 
Note that in this example, the electron diffraction images were taken using HF-2000 
manufactured by Hitachi High-Technologies Corporation, with an accelerating voltage 
of 200 kV. 

[0111] The electron diffraction images were taken at the four points shown in the cross-
sectional TEM image of FIG. 7: point A (the upper portion of the IGZO film), point B 
(the vicinity of the interface between the IGZO film and the YSZ film, on the IGZO 
film side), point C (the vicinity of the interface between the IGZO film and the YSZ 
film, in the YSZ film side), and point D (the center of the YSZ film). 

[0112] FIGS. 8A and 8B show that spot patterns appear in the electron diffraction images of 
the IGZO film and the IGZO film has high crystallinity. Almost the same spot pattern 
appears in the point A (the upper portion of the IGZO film) and the point B (the 
vicinity of the interface between the IGZO film and the YSZ film); accordingly, it is 
deduced that crystalline structures at the two points are substantially the same. 

[0113] Further, FIGS. 8C and 8D show that spot patterns appear also in the electron 
diffraction images of the YSZ film and the YSZ film also has high crystallinity. 
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[0114] Here, as described in the above embodiment, the YSZ film used as the base in­
sulating film in the sample C has a melting point of 2700 degrees Celsius, which is 
higher than that of each component in the IGZO film. Therefore, similarly to the 
aluminum oxide film shown in Example 1, it is deduced that the YSZ film is not 
melted when the IGZO film is melted by laser Irradiation. It is thus thought that the 
YSZ film does not inhibit recrystallization of IGZO and the IGZO film is crystallized 
with regular alignment even in the vicinity of the interface between the IGZO film and 
the YSZ film. 

[0115 J From the above, it was found that an IGZO film with good crystallinity could be 
formed when the IGZO film was deposited over a YSZ film and irradiated with a laser 
beam to be recrystallized. 

This application is based on Japanese Patent Application serial no. 2011-152143 filed 
with Japan Patent Office on July 8, 2011, and Japanese Patent Application serial no. 
2011-237087 filed with Japan Patent Office on October 28, 20 IS, the entire contents of 
which are hereby incorporated by reference. 
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CLAIMS 

1. A method for manufacturing an oxide semiconductor film, comprising the steps of: 

forming a gallium oxide film; 

forming a first oxide semiconductor film on and in contact with the gallium oxide 

film; and 

heating the first oxide semiconductor film by irradiation with a laser beam, so that 

crystallinity of a region of the first oxide semiconductor film at an interface between the 

gallium oxide film and the oxide semiconductor film is increased, 

wherein the first oxide semiconductor film comprises gallium, indium and zinc, and 

wherein the region of the first oxide semiconductor film is a crystalline region with 

c-axis alignment. 

2. The method for manufacturing an oxide semiconductor film, according to claim 1, 

wherein the region of the first oxide semiconductor film is in a region of 2 nm or less 

from the interface between the gallium oxide film and the oxide semiconductor film. 

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

wherein the laser beam has energy higher than a band gap of the oxide semiconductor 

film. 

4. A method for manufacturing a semiconductor device, comprising the steps of: 

forming a gallium oxide film; 

forming an oxide semiconductor film on and in contact with the gallium oxide film; 

irradiating the oxide semiconductor film with a laser beam, so that crystallinity of a 

region of the oxide semiconductor film at an interface between the gallium oxide film 

and the oxide semiconductor film is increased; 

forming a gate insulating film over the oxide semiconductor film; and 

forming a gate electrode over the gate insulating film, 

wherein the oxide semiconductor film contains gallium, indium and zinc, and 

wherein the region of the oxide semiconductor film is a crystalline region with 

c-axis alignment. 
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5. The method for manufacturing a semiconductor device, according to claim 4, 

wherein the region of the oxide semiconductor film is in a region of 2 nm or less from 

an interface between the gallium oxide film and the oxide semiconductor film. 

6. The method for manufacturing a semiconductor device, according to claim 4, 

wherein the laser beam has energy higher than a band gap of the oxide semiconductor 

film. 

7. A method for manufacturing an oxide semiconductor film, comprising the steps of: 

forming a gallium oxide film; 

forming a first oxide semiconductor film on and in contact with a surface of the 

gallium oxide film, an average surface roughness of the surface of the gallium oxide 

film is 1 nm or less; and 

heating the first oxide semiconductor film by irradiation with a laser beam, so that 

crystallinity of a region of the first oxide semiconductor film at an interface between the 

gallium oxide film and the oxide semiconductor film is increased, 

wherein the first oxide semiconductor film comprises gallium, indium and zinc, and 

wherein the region of the first oxide semiconductor film is a crystalline region with 

c-axis alignment. 

8. The method for manufacturing an oxide semiconductor film, according to claim 7, 

wherein the region of the first oxide semiconductor film is in a region of 2 nm or less 

from the interface between the gallium oxide film and the oxide semiconductor film. 

9. The method for manufacturing an oxide semiconductor film, according to claim 7, 

wherein the laser beam has energy higher than a band gap of the oxide semiconductor 

film. 

10. The method for manufacturing an oxide semiconductor film, according to claim 7, 

further comprising a step of polishing an upper surface of the gallium oxide film to form 

the surface having the average surface roughness 1 nm or less. 


