
METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE  BACKGROUND OF THE INVENTION
5 1. Field of the Invention  [0001] The present invention relates to a
method for manufacturing a semiconductor  device using an SOI (silicon on
insulator) substrate. 2. Description of the Related Art  10 [0002] A
substrate (an SOI substrate) in which single crystal silicon is provided on
an  insulating film has been used for high-speed operation and low power
consumption of a  semiconductor device. A semiconductor device including an
N-channel thin film  transistor (TFT) and a P-channel TFT has been
manufactured with the use of an SOI  15 substrate. [0003] It is generally
known that the most suitable orientation of silicon for a TFT  varies
depending on the structure and use application of the TFT. Single crystal
silicon  whose plane orientation is (100) is preferably used for a channel
of an N-channel TFT 20 while single crystal silicon whose plane orientation
is (110) is preferably used for a  channel of a P-channel TFT. [0004] In
Patent Document 1, an SOI substrate including single crystal silicon whose
plane orientation is (100) and single crystal silicon whose plane
orientation is (110) is  25 disclosed. Further, a method for manufacturing
a semiconductor device in which the single crystal silicon whose plane
orientation is (100) is used for a channel of an  N-channel TFT and the
single crystal silicon whose plane orientation is (110) is used for  a
channel of a P-channel TFT is disclosed. The manufacturing method will be
described below (FIGS. lA to 1D). 30 [0005] A thermal oxide film 1001 is
formed on a surface of a single crystal silicon  substrate 1002 whose plane
orientation is (110). The thermal oxide film 1001 and a  1 single crystal
silicon substrate 1000 whose plane orientation is (100) are bonded to each



other. The bonding is performed by annealing at 1100 C (FIG. 1A). The
single  crystal silicon substrate 1002 is made thinner by mechanical
polishing and chemical  etching, thereby forming a single crystal silicon
film 1003. A thermal oxide film 1004 5 is formed on a bottom surface of the
single crystal silicon film 1003. The thermal  oxide film 1004 and a
semiconductor substrate 1005 are bonded to each other (FIG 1B).  [0006] The
single crystal silicon substrate 1000 is polished and chemically etched,
thereby forming a single crystal silicon film. The single crystal silicon
film is formed  10 into an island-like shape so as to form an active layer
1006 of an N-channel TFT 1013. The thermal oxide film 1001 is selectively
removed, thereby exposing the single crystal  silicon film 1003 which is to
be an active layer of a P-channel TFT 1014 (FIG. 1C).  [0007] A gate
insulating film 1009 is formed over the single crystal silicon film 1003,
15 and a gate insulating film 1010 is formed over the active layer 1006. A
gate electrode  1012 is formed over the gate insulating film 1009, and a
gate electrode 1011 is formed  over the gate insulating film 1010. Doping
with N-type impurity ions is performed  using the gate electrode 1011 as a
mask, thereby forming a source region 1020 and a  drain region 1008 of the
N-channel TFT. Doping with P-type impurity ions is 20 performed using the
gate electrode 1012 as a mask, thereby forming a source region  1021 and a
drain region 1007 of the P-channel TFT. Thus, part of the N-channel TFT
1013 in which the single crystal silicon having the (100) plane orientation
is used for a  channel formation region 1016 and part of the P-channel TFT
1014 in which the single  crystal silicon having the (110) orientation is
used for a channel formation region 1015 25 are formed (FIG. 1 D). After
that, an interlayer insulating film, a contact hole, a source  electrode,
and a drain electrode are formed. [0008] However, it takes much time to
form a single crystal silicon film by making a  single crystal silicon
substrate thinner by mechanical polishing and chemical etching as  30
disclosed in Patent Document 1; moreover, it is difficult to control the
amount of polishing and the amount of etching. As a method for forming a
single crystal silicon  film from a single crystal silicon substrate, there
is a Smart Cut (registered trademark)  2 



method in addition to polishing and chemical etching. The Smart Cut method
is a  method by which a silicon substrate is doped with hydrogen ions so
that an  embrittlement layer is formed therein and a single crystal silicon
film is separated along  the embrittlement layer by heat treatment (e.g.,
Patent Document 2). In the Smart Cut 5 method, by controlling acceleration
energy and the dose of hydrogen ions, the thickness  of a single crystal
silicon film can be controlled. [0009] The above method is applied to the
manufacturing method of Patent Document  1 (FIGS. 2A to 2C). A single
crystal silicon substrate 1100 whose plane orientation is  10 (100) is
doped with hydrogen ions 1105, thereby forming an embrittlement layer 1110.
Energy of the hydrogen ions is adjusted so that the embrittlement layer
1110 is formed  at a depth of greater than or equal to 50 nm and less than
or equal to 200 nm from a  surface of the single crystal silicon substrate
1100. Meanwhile, a single crystal silicon  substrate 1102 whose plane
orientation is (110) is also doped with hydrogen ions 1106 15 at the same
dose as that of the hydrogen ions 1105, thereby forming an embrittlement
layer 1111. Energy of the hydrogen ions is adjusted so that the
embrittlement layer  1111 is formed at a depth of greater than or equal to
50 nm and less than or equal to 200  nm from a surface of the single
crystal silicon substrate 1102 (FIG. 2A). [0010]  20 An oxide film 1101 is
formed over the single crystal silicon substrate 1102 by a  CVD method, a
sputtering method, or the like (FIG 2B). [0011] Then, the oxide film 1101
and the single crystal silicon substrate 1100 having  the (100) orientation
are bonded to each other (FIG. 2B). If the bonding is performed  25 by
annealing, a single crystal silicon film 1112 and a single crystal silicon
film 1113 are separated along the embrittlement layer 1110 and the
embrittlement layer 1111,  respectively (FIG 2C). The single crystal
silicon film 1112 and the single crystal  silicon film 1113 each have a
small thickness of greater than or equal to 50 nm and less  than or equal
to 200 nm; therefore, it is difficult to handle the films. 30 [Reference]
[0012]  [Patent Document 1] Japanese Published Patent Application No.
H3-285351 



3 [Patent Document 2] Japanese Published Patent Application No. 2000-124092
SUMMARY OF THE INVENTION [0013]  5 As described above, when the Smart Cut
method is applied to the  manufacturing method of Patent Document 1, it is
difficult to handle single crystal  silicon films and thus improvement of
yield cannot be achieved. Therefore, a method  for manufacturing an SOI
substrate including a single crystal silicon film whose plane  orientation
is (100) and a single crystal silicon film whose plane orientation is (110)
10 with high yield is disclosed in this specification. [0014] A first
single crystal silicon substrate is doped with first ions, thereby forming
a  first embrittlement layer. A second single crystal silicon substrate is
doped with  second ions, thereby selectively forming a second embrittlement
layer. The dose of the 15 second ions is smaller than the dose of the first
ions. The first ions and the second ions  are each hydrogen ions, or
hydrogen ions and helium ions. Hydrogen ions include at  least one of H',
Hf', and H3+. After the first single crystal silicon substrate and the
second single crystal silicon substrate are bonded to each other, first
heat treatment is  performed, so that only part of the first single crystal
silicon substrate can be separated 20 along the first embrittlement layer
and thus a first single crystal silicon fihn can be  formed. After a region
of the second single crystal silicon substrate, in which the  second
embrittlement layer is not formed is removed, second heat treatment is
performed, so that part of the second single crystal silicon substrate can
be separated  along the second embrittlement layer and thus a second single
crystal silicon film can be 25 formed. Note that the temperature of the
second heat treatment is higher than the  temperature of the first heat
treatment. One of the first single crystal silicon substrate  and the
second single crystal silicon substrate is a single crystal silicon
substrate whose  plane orientation is (100), and the other thereof is a
single crystal silicon substrate  whose plane orientation is (110). 30
[0015] One embodiment of the present invention includes the steps of
forming a first  insulating film over a surface of a first single crystal
silicon substrate; forming a second  



4 insulating film over a surface of a second single crystal silicon
substrate; doping an  entire surface of the first single crystal silicon
substrate with first ions through the first  insulating film to form a
first embrittlement layer in the first single crystal silicon  substrate;
doping the second single crystal silicon substrate with second ions through
5 the second insulating film to selectively form a second embrittlement
layer in the  second single crystal silicon substrate; bonding the first
single crystal silicon substrate  and the second single crystal silicon
substrate to each other with the first insulating film  and the second
insulating film interposed therebetween; separating part of the first
single crystal silicon substrate along the first embrittlement layer by
first heat treatment 10 to form a first single crystal silicon film over
the second single crystal silicon substrate  with the first insulating film
and the second insulating film interposed therebetween;  forming a third
insulating film over the first single crystal silicon film; removing a
region of the second single crystal silicon substrate, in which the second
embrittlement  layer is not formed; bonding a base substrate and the second
single crystal silicon 15 substrate to each other with the third insulating
film interposed therebetween; separating  part of the second single crystal
silicon substrate along the second embrittlement layer  by second heat
treatment to form a second single crystal silicon film over the base
substrate with the first insulating film and the second insulating film
interposed  therebetween; selectively removing the second single crystal
silicon film to form an 20 island-like second single crystal silicon film,
and removing part of the first insulating  film and part of the second
insulating film to expose the first single crystal silicon film;  and
selectively removing the first single crystal silicon film to form an
island-like first  single crystal silicon film. [0016]  25 One embodiment
of the present invention includes the steps of forming a first  insulating
film over a surface of a first single crystal silicon substrate; forming a
second  insulating film over a surface of a second single crystal silicon
substrate; forming a first  mask which entirely covers a peripheral portion
of the second single crystal silicon  substrate over the second insulating
film; doping an entire surface of the first single 30 crystal silicon
substrate with first ions through the first insulating film to form a first
embrittlement layer in the first single crystal silicon substrate; doping
the second single  



crystal silicon substrate with second ions through the second insulating
film with the use  5 of the first mask to selectively form a second
embrittlement layer in the second single  crystal silicon substrate;
removing the first mask; bonding the first single crystal silicon
substrate and the second single crystal silicon substrate to each other
with the first  insulating film and the second insulating film interposed
therebetween; separating part 5 of the first single crystal silicon
substrate along the first embrittlement layer by first heat  treatment to
form a first single crystal silicon film over the second single crystal
silicon  substrate with the first insulating film and the second insulating
film interposed  therebetween; forming a third insulating film over the
first single crystal silicon film;  forming a second mask which entirely
covers the second embrittlement layer over the 10 third insulating film;
removing a peripheral portion of the third insulating film, a  peripheral
portion of the first insulating film, a peripheral portion of the second
insulating film, and the peripheral portion of the second single crystal
silicon substrate  with the use of the second mask; bonding a base
substrate and the second single crystal  silicon substrate to each other
with the third insulating film interposed therebetween; 15 separating part
of the second single crystal silicon substrate along the second
embrittlement layer by second heat treatment to form a second single
crystal silicon film  over the base substrate with the first insulating
film and the second insulating film  interposed therebetween; selectively
removing the second single crystal silicon film to  form an island-like
second single crystal silicon film, and removing part of the first 20
insulating film and part of the second insulating film to expose the first
single crystal  silicon film; and selectively removing the first single
crystal silicon film to form an  island-like first single crystal silicon
film. [0017] In the above description, the dose of the second ions is
smaller than the dose of  25 the first ions. Accordingly, the temperature
of the second heat treatment can be set  higher than the temperature of the
first heat treatment. By the first heat treatment, the  first single
crystal silicon film is formed but the second single crystal silicon film
is not  formed. [0018]  30 For example, the dose of the first ions is 2.5 x
1016 to 2.7 x 1016 cm 2. The  



dose of the second ions is set smaller than the dose of the first ions, for
example, set at 6 1.9 x 1016 to 2.1 x 1016 cm-2. With this dose, the first
single crystal silicon film can be  formed by the first heat treatment at a
temperature of 470 to 480 C, and the second  single crystal silicon film
can be formed by the second heat treatment at a temperature  of 490 C or
higher, preferably at 490 to 500 C. When the dose of the second ions is 5
smaller than the dose of the first ions by 0.5 x 1016 to 1.0 x 1016 cm2,
the temperature  of the second heat treatment can be set 10 to 20 C higher
than the temperature of the  first heat treatment. [0019] In the case where
the plane orientation of a main surface of the first single  10 crystal
silicon substrate is (100), the plane orientation of a main surface of the
second  single crystal silicon substrate is (110). In the case where the
plane orientation of the  main surface of the first single crystal silicon
substrate is (110), the plane orientation of  the main surface of the
second single crystal silicon substrate is (100). The first ions  and the
second ions are each hydrogen ions, or hydrogen ions and helium ions.  15
Hydrogen ions include at least one of it, H2+, and H3' [0020] In the case
where the plane orientation of the main surface of the first single
crystal silicon substrate is (100) and the plane orientation of the main
surface of the  second single crystal silicon substrate is (110), one
embodiment of the present invention 20 includes steps in which a source
region, a drain region, and a channel formation region  of an N-channel TFT
are formed in the island-like first single crystal silicon film and a
source region, a drain region, and a channel formation region of a
P-channel TFT are  formed in the island-like second single crystal silicon
film. [0021]  25 Furthermore, one embodiment of the present invention
includes steps in which  a first gate insulating film is formed over the
island-like first single crystal silicon film,  a first gate electrode is
formed over the first gate insulating film, and N-type impurity  ions are
added to the island-like first single crystal silicon film with the use of
the first  gate electrode as a mask to form the source region, the drain
region, and the channel 30 formation region of the N-channel TFT; and steps
in which a second gate insulating film  



is formed over the island-like second single crystal silicon film, a second
gate electrode  7 is formed over the second gate insulating film, and
P-type impurity ions are added to the  island-like second single crystal
silicon film with the use of the second gate electrode as  a mask to form
the source region, the drain region, and the channel formation region of
the P-channel TFT. 5 [0022] Alternatively, in the case where the plane
orientation of the main surface of the  first single crystal silicon
substrate is (110) and the plane orientation of the main surface  of the
second single crystal silicon substrate is (100), one embodiment of the
present  invention includes steps in which a source region, a drain region,
and a channel 10 formation region of a P-channel TFT are formed in the
island-like first single crystal  silicon film and a source region, a drain
region, and a channel formation region of an  N-channel TFT are formed in
the island-like second single crystal silicon film. [0023] Furthermore, one
embodiment of the present invention includes steps in which  15 a first
gate insulating film is formed over the island-like first single crystal
silicon film,  a first gate electrode is formed over the first gate
insulating film, and P-type impurity  ions are added to the island-like
first single crystal silicon film with the use of the first  gate electrode
as a mask to form the source region, the drain region, and the channel
formation region of the P-channel TFT; and steps in which a second gate
insulating film 20 is formed over the island-like second single crystal
silicon film, a second gate electrode  is formed over the second gate
insulating film, and N-type impurity ions are added to  the island-like
second single crystal silicon film with the use of the second gate
electrode as a mask to form the source region, the drain region, and the
channel  formation region of the N-channel TFT. 25 [0024] An SOI substrate
including a single crystal silicon film whose plane orientation  is (100)
and a single crystal silicon film whose plane orientation is (110) can be
manufactured with high yield. 30 BRIEF DESCRIPTION OF THE DRAWINGS  [0025] 



In the accompanying drawings: 8 FIGS. 1A to 1D are views illustrating
conventional art;  FIGS. 2A to 2C are views illustrating conventional art;
FIGS. 3A and 3B are views illustrating a manufacturing method of
Embodiment 1; 5 FIGS. 4A to 4C are views illustrating a manufacturing
method of Embodiment  1; FIGS. 5A to 5C are views illustrating a
manufacturing method of Embodiment  1; FIGS. 6A to 6C are views
illustrating a manufacturing method of Embodiment  10 1; FIGS. 7A to 7C are
views illustrating a manufacturing method of Embodiment  1; FIGS. 8A to 8C
are views illustrating a manufacturing method of Embodiment  2; 15 FIG. 9
is a view illustrating a manufacturing method of Embodiment 2; FIGS. 10A
and 10B are views illustrating a manufacturing method of  Embodiment 3;
FIGS. 11 A to I1C are views illustrating a mobile phone of Embodiment 3;
FIGS. 12A and 12B are views illustrating a manufacturing method of  20
Embodiment 1; and FIGS. 13A and 13B are views illustrating a manufacturing
method of  Embodiment 1. DETAILED DESCRIPTION OF THE INVENTION  25 [0026]
Embodiments of the present invention will be described below. Note that the
present invention can be implemented in many different modes, and it is
easily  understood by those skilled in the art that the mode and detail can
be changed variously  without departing from the scope and spirit of the
present invention. Therefore, the 30 present invention should not be
interpreted as being limited to the description of the  embodiments. Note
that the same reference numerals are commonly given to the same  



portions or portions having similar functions in different drawings, and
repetitive  9 explanation will be omitted in some cases.  [0027]
(Embodiment 1) The following steps will be described: a step of forming a
first insulating film  5 over a surface of a first single crystal silicon
substrate; a step of forming a second  insulating film over a surface of a
second single crystal silicon substrate; a step of  doping the first single
crystal silicon substrate with first ions to form a first  embrittlement
layer; and a step of doping the second single crystal silicon substrate
with  second ions to selectively form a second embrittlement layer. The
dose of the second 10 ions is smaller than the dose of the first ions.
Accordingly, the temperature of second  heat treatment can be set higher
than the temperature of first heat treatment. [0028] Then, the following
steps will be described: a step of bonding the first single  crystal
silicon substrate and the second single crystal silicon substrate to each
other with  15 the first insulating film and the second insulating film
interposed therebetween; a step of separating part of the first single
crystal silicon substrate along the first embrittlement  layer by the first
heat treatment to form a first single crystal silicon film over the second
single crystal silicon substrate with the first insulating film and the
second insulating  film interposed therebetween; a step of forming a third
insulating film over the first 20 single crystal silicon film; a step of
removing a region of the second single crystal  silicon substrate, in which
the second embrittlement layer is not formed; a step of  bonding a base
substrate and the second single crystal silicon substrate to each other
with the third insulating film interposed therebetween; a step of
separating part of the  second single crystal silicon substrate along the
second embrittlement layer by the 25 second heat treatment to form a second
single crystal silicon film over the base substrate  with the first
insulating film and the second insulating film interposed therebetween; a
step of selectively removing the second single crystal silicon film to form
an island-like  second single crystal silicon film while removing part of
the first insulating film and  part of the second insulating film to expose
the first single crystal silicon film; and a 30 step of selectively
removing the first single crystal silicon film to form an island-like  



first single crystal silicon film. [0029] 10 An insulating film (the first
insulating film) 2 is formed over a single crystal  silicon substrate (the
first single crystal silicon substrate) 1. Further, an insulating film
(the second insulating film) 4 is formed over a single crystal silicon
substrate (the  second single crystal silicon substrate) 3 (FIG. 3A). 5
[0030] In this embodiment, the single crystal silicon substrate 1 has a
main surface  having a (100) plane orientation and is used for forming a
source region, a drain region,  and a channel formation region of an
N-channel TFT. Meanwhile, the single crystal  silicon substrate 3 has a
main surface having a (110) plane orientation and is used for 10 forming a
source region, a drain region, and a channel formation region of a
P-channel  TFT. However, the present invention is not limited thereto. The
single crystal silicon  substrate 1 may have a main surface having the
(110) plane orientation and be used for  forming a source region, a drain
region, and a channel formation region of a P-channel  TFT, and the single
crystal silicon substrate 3 has a main surface having the (100) plane 15
orientation and be used for forming a source region, a drain region, and a
channel  formation region of an N-channel TFT. [0031] As the insulating
film 2 and the insulating film 4, a single layer of an insulating  film
such as a silicon oxide film, a silicon oxynitride film, a silicon nitride
film, or a  20 silicon nitride oxide film, or stacked layers of any of
these films can be formed. Such an insulating film can be formed by a
thermal oxidation method, a CVD method, a  sputtering method, or the like.
[0032] Silicon oxynitride means a substance that contains oxygen and
nitrogen so that  25 the amount of oxygen is larger than that of nitrogen,
preferably one containing oxygen,  nitrogen, silicon, and hydrogen at
concentrations of 50 to 70 at.%, 0.5 to 15 at.%, 25 to  35 at.%, and 0.1 to
10 at.%, respectively, when the composition is measured by  Rutherford
backscattering spectrometry (RBS) and hydrogen forward scattering
spectrometry (HFS). Further, silicon nitride oxide means a substance that
contains 



30 nitrogen and oxygen so that the amount of nitrogen is larger than that
of oxygen,  preferably one containing oxygen, nitrogen, silicon, and
hydrogen at concentrations of 5  to 30 at.%, 20 to 55 at.%, 25 to 35 at.%,
and 10 to 30 at.%, respectively, when the  11 composition is measured by
RBS and HFS. Note that percentages of nitrogen, oxygen,  silicon, and
hydrogen fall within the ranges given above, where the total number of
atoms contained in silicon oxynitride or silicon nitride oxide is defined
as 100 at.%.  [0033] 5 In the case where a silicon oxide film is formed by
a CVD method,  organosilane such as tetraethoxysilane (abbreviation: TEOS,
chemical formula:  Si(OC2H5)4) is preferably used in terms of productivity.
[0034] In the case where a silicon oxide film is formed by thermally
oxidizing the  10 single crystal silicon substrate, a halogen is preferably
added to an oxidation atmosphere.  For example, thermal oxidation treatment
is performed on the single crystal silicon  substrate in an oxidation
atmosphere to which chlorine (Cl) is added, whereby a silicon  oxide film
is formed through chlorine oxidation. In this case, the silicon oxide film
contains chlorine atoms, for example, at a concentration of 1 x 1017 to I x
1021  15 atoms/cm3. [0035] For example, thermal oxidation treatment can be
performed in an oxidation  atmosphere which contains hydrogen chloride
(HC1) at a proportion of 0.5 to 10 vol.%  (preferably 3 vol.%) with respect
to oxygen at a temperature of 900 to 1150 C 20 (typically 1000 C).
Treatment time may be 0.1 to 6 hours, preferably 0.5 to 1 hour.  The
thickness of the formed oxide film is 10 to 1000 run (preferably 50 to 300
nm), and  for example, the thickness is 100 nm. [0036] With the chlorine
atoms contained in the silicon oxide film, heavy metal (e.g.,  25 Fe, Cr,
Ni, or Mo) that is an extrinsic impurity can be captured, so that
contamination of  the single crystal silicon substrate can be prevented. In
addition, an impurity (e.g., a  mobile ion such as Na) that adversely
affects the single crystal silicon substrate can be  gettered. That is, by
heat treatment which is performed after the formation of the  



silicon oxide film, impurities included in the single crystal silicon
substrate are 30 separated out to the silicon oxide film and captured by
reacting with the halogen (e.g.,  chlorine). Accordingly, contamination of
the single crystal silicon substrate can be  12 prevented.  [0037] In
particular, it is effective that a halogen such as chlorine is contained in
the  silicon oxide film in a case where the semiconductor substrate is not
sufficiently cleaned  5 or in a case of removing contamination of the
semiconductor substrate which is  repeatedly used. [0038] Further, halogen
atoms contained in the silicon oxide film are not limited to the  chlorine
atoms. The silicon oxide film may contain fluorine atoms. In order to  10
perform fluorine oxidation on a surface of the single crystal silicon
substrate, thermal oxidation treatment may be performed in an oxidation
atmosphere after immersion of  the surface of the single crystal silicon
substrate into hydrofluoric acid, or thermal  oxidation treatment may be
performed in an oxidation atmosphere to which NF3 is  added. 15 [0039] A
mask (a first mask) 101 is selectively formed over the single crystal
silicon  substrate 3 with the insulating film 4 interposed therebetween.
The mask 101 is  formed of a resist, silicon oxide, or silicon nitride by a
photolithography method (FIG.  3A). There is no limitation on a region in
which the mask 101 is formed; however, 20 since a region of the single
crystal silicon substrate 3, which is covered with the mask  101 is removed
in a later step, the mask 101 is formed over a peripheral portion so that
the distance between the edge portion of the single crystal silicon
substrate 3 and the  inner edge of the mask 101 is 1.0 to 10.0 mm (FIG 3B).
That is, lengths 103 and 104  are each 1.0 to 10.0 mm. FIG. 3B is a top
view of FIG. 3A. 25 [0040] Note that the region in which the mask 101 is
formed is not limited to the  peripheral portion of the single crystal
silicon substrate 3. As described above, the  region of the single crystal
silicon substrate 3, which is covered with the mask 101 is  



removed in a later step. In the case where the plane orientation of the
main surface of 30 the single crystal silicon substrate 3 is (110), a
semiconductor layer for a P-channel TFT  is formed from the single crystal
silicon substrate 3. Thus, the mask 101 may be  formed so as to cover a
region in which the semiconductor layer is not formed. For  13 example, the
mask 101 may be formed in a linear shape over the insulating film 4 (FIGS.
12A and l2B). Alternatively, the mask 101 may be formed in a net-like shape
(FIGS.  13A and 13B). The following steps are described assuming that the
mask 101 is  formed as illustrated in FIGS. 3A and 3B. 5 [0041] The entire
surface of the single crystal silicon substrate 1 is doped with ions  (the
first ions) 5, specifically with hydrogen ions, or hydrogen ions and helium
ions  through the insulating film 2, so that an embrittlement layer (the
first embrittlement  layer) 6 is formed (FIG. 4A). Hydrogen ions include at
least one of H', HZ', and H3+ 10 Hydrogen ions are generated from, for
example, hydrogen (H2), phosphine (PH3),  diborane (B2H6), or the like.
[0042] Although there is no particular limitation on the dose of the ions
5, the dose is  2.5 x 1016 to 2.7 x 1016 cm 2 for example. With this dose,
a single crystal silicon film  15 (the first single crystal silicon film) 9
can be separated along the embrittlement layer 6 at 470 to 480 C. Energy of
the ions 5 is adjusted so that the embrittlement layer 6 is  formed at a
depth of greater than or equal to 50 nm and less than or equal to 200 nm
from the surface of the single crystal silicon substrate 1. [0043]  20 The
single crystal silicon substrate 3 is also doped with ions (the second
ions) 7  through the insulating film 4, so that an embrittlement layer (the
second embrittlement  layer) 8 is selectively formed (FIG 4A). The ions 7
are the same kind of ions as the  ions 5. In the single crystal silicon
substrate 3, the embrittlement layer 8 is not formed  in the region covered
with the mask 101 in principle. However, the region covered  25 with the
mask 101 is doped with part of the ions 7 in some cases. [0044] The dose of
the ions 7 is smaller than the dose of the ions 5. For example, the  



dose of the ions 7 is 1.9 x 1016 to 2.1 x 1016 cm2. With this dose, a
single crystal  silicon film (the second single crystal silicon film) 12
can be separated along the 30 embrittlement layer 8 at 490 C or higher,
preferably at 490 to 500 C. When the dose  of the ions 7 is smaller than
the dose of the ions 5 by 0.5 x 1016 to 1.0 X 1016 CM-2, the  14
temperature at which the single crystal silicon substrate 3 is separated
along the  embrittlement layer 8 can be set 10 to 20 C higher than the
temperature at which the  single crystal silicon substrate 1 is separated
along the embrittlement layer 6. [0045]  5 Energy of the ions 7 is adjusted
so that the embrittlement layer 8 is formed at a  depth of greater than or
equal to 50 nm and less than or equal to 200 nm from the  surface of the
single crystal silicon substrate 3 in a similar manner to the case of the
embrittlement layer 6. [0046]  10 The depths of regions in which the
embrittlement layer 6 and the embrittlement  layer 8 are formed are
adjusted by kinetic energy, mass, charge, incident angle, or the  like of
the ions 5 and the ions 7. Note that the kinetic energy can be adjusted by
acceleration voltage or the like. [0047]  15 In the above-described ion
irradiation method, the percentage of H3" with  respect to the total amount
of the generated ion species (H+, H2', and H3') is 50 % or  higher,
preferably 70 % or higher. By irradiation with ions having the same mass,
ions  can be added in a concentrated manner to the same depth in the single
crystal silicon  substrates 1 and 3. 20 [0048] In order to form the
embrittlement layer 6 and the embrittlement layer 8 in  shallow regions,
the acceleration voltage for the ions 5 and the ions 7 needs to be low.  By
increasing the percentage of H3+ ions in plasma, the ions can be added to
the single  crystal silicon substrates 1 and 3 efficiently. 25 [0049] After
the embrittlement layer 8 is formed, the mask 101 is removed by an  ashing
method or the like. 



[0050] The single crystal silicon substrate 1 and the single crystal
silicon substrate 3  30 are bonded to each other so that the insulating
film 2 and the insulating film 4 face each  other (FIG. 4B). Specifically,
a surface of the insulating film 2 and a surface of the  insulating film 4
are bonded to each other. 15 [0051] After the single crystal silicon
substrate 1 and the single crystal silicon  substrate 3 are bonded to each
other, heat treatment is performed at 470 to 480 C for  0.5 to 60 minutes.
As the temperature rises, the ions introduced by doping are 5 separated out
into microvoids formed in the embrittlement layer 6, so that internal
pressure is increased. As the pressure increases, the volume of the
microvoids in the  embrittlement layer 6 changes, so that the embrittlement
layer 6 cracks. Thus, the  single crystal silicon substrate 1 can be
separated along the embrittlement layer 6.  Since the insulating film 2 is
bonded to the single crystal silicon substrate 3, the single 10 crystal
silicon film 9 separated from the single crystal silicon substrate 1 is
formed over  the single crystal silicon substrate 3 (FIG. 4C). The plane
orientation of the main  surface of the single crystal silicon film 9 is
(100). On the other hand, since the dose  of the ions 7 for the single
crystal silicon substrate 3 is smaller than the dose of the ions  5 for the
single crystal silicon substrate 1, the single crystal silicon substrate 3
is not 15 separated along the embrittlement layer 8 by the heat treatment
at this time (FIG. 4C).  [0052] When the surface of the single crystal
silicon film 9 is uneven, planarization is  performed by chemical
mechanical polishing (CMP) or the like. Further, by  performing excimer
laser annealing, RTA, flash lamp annealing, or the like on the single 20
crystal silicon film 9, the surface of the single crystal silicon film 9
can be planarized  and crystallinity of the single crystal silicon film 9
can be recovered. [0053] An insulating film (the third insulating film) 10
is formed over the single  crystal silicon film 9 by a CVD method, a
sputtering method, or the like (FIG. 5A).  25 The insulating film 10 may be
an insulating film similar to the insulating film 2 and the  insulating
film 4. 



[0054] A mask (a second mask) 102 is formed over the insulating film 10
(FIG. 5B).  The mask 102 is formed over the insulating film 10 so as to
cover the embrittlement  30 layer 8. The mask 102 may be formed in a manner
similar to that of the mask 101. The mask 102 may be formed so as to cover
the embrittlement layer 8, and there is no  limitation on how much the mask
102 covers the embrittlement layer 8. However, a  16 region of the single
crystal silicon substrate 3, which is not covered with the mask 102  is
removed in a later step; therefore, it is preferable that the mask 102
entirely cover the  embrittlement layer 8 (FIG. 5C). FIG 5C is a top view
of FIG. 5B. [0055]  5 The region which is not covered with the mask 102 is
removed by a dry etching  method or the like (FIG. 6A). Peripheral portions
of the insulating film 10, the single  crystal silicon film 9, the
insulating film 2, the insulating film 4, and the single crystal  silicon
substrate 3 are removed. As for the single crystal silicon substrate 3, the
region  covered by the mask 101, that is, the peripheral portion of the
single crystal silicon 10 substrate 3 is removed as described above.
Further, the single crystal silicon substrate  3 is removed down to a depth
that is deeper than the region in which the embrittlement  layer 8 is
formed. Thus, the single crystal silicon substrate 3 includes a projection
region 105 in which the embrittlement layer 8 is formed, and a depression
region 106.  [0056] 15 The mask 102 is removed by an aching method or the
like.  [0057] Next, a base substrate 11 is prepared (FIG. 6B), and the
single crystal silicon  substrate 3 and the base substrate 11 are bonded to
each other (FIG. 6C). Specifically,  a surface of the insulating film 10
and a surface of the base substrate 11 are bonded to  20 each other. [0058]
As the base substrate 11, for example, a substrate formed of an insulator
can be  used. For example, a glass substrate is preferably used.
Specifically, a variety of  glass substrates that are used in the
electronics industry, such as substrates of 25 aluminosilicate glass,
aluminoborosilicate glass, and barium borosilicate glass; quartz  



substrates; ceramic substrates; and sapphire substrates can be given. In
addition, as the  base substrate 11, a single crystal semiconductor
substrate (e.g., a single crystal silicon  substrate) or a polycrystalline
semiconductor substrate (e.g., a polycrystalline silicon  substrate) may be
used. 30 [0059] Cost reduction can be achieved when a glass substrate which
can have a larger  size and is inexpensive is used as the base substrate
11. For example, a mother glass  17 substrate having a large area, such as
the sixth generation (1500 mm x 1850 mm), the  seventh generation (1870 nun
x 2200 mm), or the eighth generation (2200 mm x 2400  mm) is used and a
plurality of single crystal silicon substrates are bonded to the mother
glass substrate to manufacture an SOI substrate, whereby the SOI substrate
can have a  5 large area. [0060] After the single crystal silicon substrate
3 is bonded to the base substrate 11,  heat treatment is performed at 490 C
or higher, preferably at 490 to 500 C for 0.5 to  60 minutes, whereby the
single crystal silicon substrate 3 can be separated along the 10
embrittlement layer 8. Thus, the single crystal silicon film 9 separated
from the single  crystal silicon substrate 1 and the single crystal silicon
film 12 separated from the single  crystal silicon substrate 3 are formed
over the base substrate 11 (FIG. 7A). The single  crystal silicon film 9,
the insulating film 10, and the single crystal silicon film 12 are
stacked. The plane orientation of the main surface of the single crystal
silicon film 12  15 is (110). [0061] When the surface of the single crystal
silicon film 12 is uneven, planarization is  performed by chemical
mechanical polishing (CMP) or the like. Further, by  performing excimer
laser annealing, RTA, flash lamp annealing, or the like on the single 20
crystal silicon film 12, the surface of the single crystal silicon film 12
can be planarized  and crystallinity of the single crystal silicon film 12
can be recovered. [0062] Next, the single crystal silicon film 12 is
selectively removed by a  photolithography method, thereby forming an
island-like single crystal silicon film 13.  



25 Then, the insulating film .2 and the insulating film 4 are partially
removed so that the single crystal silicon film 9 is exposed (FIG 7B). An
island-like insulating film 2', an  island-like insulating film 4', and the
island-like single crystal silicon film 13 are  formed over the single
crystal silicon film 9. [0063]  30 The single crystal silicon film 9 is
selectively removed by a photolithography  method, thereby forming an
island-like single crystal silicon film 14 (FIG. 7C). The  18 island-like
single crystal silicon film 13 is formed above an island-like single
crystal  silicon film 14'. [0064] Through the above-described steps, the
island-like single crystal silicon film 14  5 whose main surface has the
(100) plane orientation and the island-like single crystal  silicon film 13
whose main surface has the (110) plane orientation can be formed over  the
base substrate 11. That is, an SOI substrate including the single crystal
silicon film  14 whose plane orientation is (100) and the single crystal
silicon film 13 whose plane  orientation is (110) can be manufactured. 10
[0065] Note that in the case where the plane orientation of the main
surface of the  single crystal silicon substrate 1 is (110) and the plane
orientation of the main surface of  the single crystal silicon substrate 3
is (100), the island-like single crystal silicon film 13  whose main
surface has the (100) plane orientation and the island-like single crystal
15 silicon film 14 whose main surface has the (110) plane orientation can
be formed over  the base substrate 11. [0066] With the use of the
island-like single crystal silicon films 13 and 14, a  P-channel TFT and an
N-channel TFT are formed over the base substrate 11. 20 [0067]  (Embodiment
2) Next, steps for forming a source region, a drain region, and a channel
region of  a P-channel TFT and a source region, a drain region, and a
channel region of an  N-channel TFT with the use of the island-like single
crystal silicon film 13 and the 



25 island-like single crystal silicon film 14 which are formed in
Embodiment 1 will be  described. Note that the description is made assuming
that the island-like single  crystal silicon film 13 is an island-like
single crystal silicon film whose main surface  has the (110) plane
orientation and that the island-like single crystal silicon film 14 is an
island-like single crystal silicon film whose main surface has the (100)
plane  30 orientation. [0068] A gate insulating film 15 is formed over the
island-like single crystal silicon  19 film 13 and the island-like single
crystal silicon film 14. Gate electrodes 16 and 17 are  formed over the
gate insulating film 15 (FIG. 8A). [0069] After the gate electrodes 16 and
17 are formed, the island-like single crystal  5 silicon film 13 is covered
by a resist mask 18 (FIG. 8B). An N-type impurity element  (phosphorus or
arsenic) is added to the island-like single crystal silicon film 14 by an
ion doping method or an ion implantation method with the use of the gate
electrode 17  as a mask. N-type impurity regions 20 and 21 are formed in
the island-like single  crystal silicon film 14 in a self-aligned manner.
The N-type impurity regions 20 and 10 21 function as a source region and a
drain region, respectively. In the island-like  single crystal silicon film
14, a region overlapping with the gate electrode 17 functions  as a channel
formation region 22 (FIG. 8B). [0070] After the resist mask 18 is removed,
the island-like single crystal silicon film  15 14 is covered by a resist
mask 25 (FIG. 8C). A P-type impurity element (boron) is  added to the
island-like single crystal silicon film 13 by an ion doping method or an
ion  implantation method with the use of the gate electrode 16 as a mask.
P-type impurity  regions 26 and 27 are formed in the island-like single
crystal silicon film 13 in a  self-aligned manner. The P-type impurity
regions 26 and 27 function as a source 20 region and a drain region,
respectively. In the island-like single crystal silicon film 13,  a region
overlapping with the gate electrode 16 functions as a channel formation
region  28 (FIG. 8C). A method in which the N-type impurity regions 20 and
21 are formed  and then the P-type impurity regions 26 and 27 are formed is
described here; however,  



the P-type impurity regions 26 and 27 may be formed first. Note that the
source 25 regions 20 and 26, the drain regions 21 and 27, and the channel
formation regions 22  and 28 are formed in the island-like single crystal
silicon films 13 and 14, respectively;  however, an LDD region or an
off-set region may also be formed if necessary. [0071] Note that in the
case where the island-like single crystal silicon film 13 is an  30
island-like single crystal silicon film whose main surface has the (100)
plane orientation  and the island-like single crystal silicon film 14 is an
island-like single crystal silicon  film whose main surface has the (110)
plane orientation, an N-type impurity element is  20 added to the
island-like single crystal silicon film 13 and a P-type impurity element is
added to the island-like single crystal silicon film 14. [0072] After the
resist mask 25 is removed, heat treatment is performed to activate the  5
impurity elements introduced by doping. [0073] After the heat treatment, an
insulating film 30 containing hydrogen is formed.  Heat treatment is
performed at a temperature of higher than or equal to 350 C and  lower than
or equal to 450 C, whereby hydrogen contained in the insulating film 30 is
10 diffused in the island-like single crystal silicon films 13 and 14.
Silicon nitride or  silicon nitride oxide formed by a plasma CVD method is
used for the insulating film 30.  The hydrogen supplied to the island-like
single crystal silicon films 13 and 14  terminates dangling bonds in the
island-like single crystal silicon films 13 and 14.  [0074] 15 An
interlayer insulating film 31 is formed (FIG. 9). The interlayer insulating
film 31 has a single-layer structure of a film selected from insulating
films of inorganic  materials, such as a silicon oxide film and a
borophosphosilicate glass (BPSG) film, and  organic resin films of
polyimide, acrylic, and the like, or has a stacked structure of any  of the
above films. After contact holes are formed in the interlayer insulating
film 31, 20 wirings 32 are formed (FIG. 9). The wirings 32 serve as source
electrodes and drain  electrodes. The wirings 32 can be formed of a
conductive film with a three-layer  structure in which a low-resistance
metal film such as an aluminum film or an  



aluminum alloy film is interposed between barrier metal films. The barrier
metal films  are metal films of molybdenum, chromium, titanium, or the
like. 25 [0075] Through the above-described steps, a semiconductor device
having the  N-channel TFT and the P-channel TFT can be manufactured. [0076]
(Embodiment 3) 30 An electroluminescent display device (hereinafter
referred to as an EL display  device) including a semiconductor device
having an N-channel TFT and a P-channel  21 TFT will be described (FIGS.
l0A and 10B). FIG. 10A is a plan view of a pixel of the  EL display device,
and FIG 10B is a cross-sectional view taken along line J-K in FIG  10A.
[0077]  5 A pixel region includes a selection transistor 401 and a display
control  transistor 402, a scan line 405, a signal line 406, a current
supply line 407, and a pixel  electrode 408. Each pixel is provided with a
light-emitting element having a structure  in which a layer including an
electroluminescent material (this layer is also referred to  as an EL
layer) is sandwiched between a pair of electrodes. One of the electrodes of
10 the light-emitting element is the pixel electrode 408. Further, in an
island-like single  crystal silicon film 403, a channel formation region, a
source region, and a drain region  of the selection transistor 401 are
formed. In an island-like single crystal silicon film  404, a channel
formation region 451, a source region 452, and a drain region 453 of the
display control transistor 402 are formed. The island-like single crystal
silicon films 15 403 and 404 correspond to the island-like single crystal
silicon films 14 and 13 provided  over the base substrate, respectively.
[0078] The selection transistor 401 is an N-channel TFT. A gate electrode
of the  selection transistor 401 is included in the scan line 405, one of a
source electrode and a  20 drain electrode is included in the signal line
406, and the other thereof is formed as an electrode 411. The display
control transistor 402 is a P-channel TFT. A gate  electrode 412 of the
display control transistor 402 is electrically connected to the  



electrode 411, one of a source electrode and a drain electrode is an
electrode 413 which  is electrically connected to the pixel electrode 408,
and the other thereof is included in  25 the current supply line 407.
[0079] The interlayer insulating film 31 is formed to cover the gate
electrode 412.  Over the interlayer insulating film 31, the signal line
406, the current supply line 407,  the electrode 411, the electrode 413,
and the like are formed. Over the interlayer 30 insulating film 31, the
pixel electrode 408 which is electrically connected to the  electrode 413
is formed. A peripheral portion of the pixel electrode 408 is surrounded
by a partition wall layer 428 having an insulating property. An EL layer
429 is formed  22 over the pixel electrode 408, and a counter electrode 430
is formed over the EL layer  429. A counter substrate 431 is provided as a
reinforcing plate and is fixed by a resin  layer 432. [0080]  5 The gray
scale of the EL display device can be controlled by a current driving
method in which luminance of a light-emitting element is controlled by
current or a  voltage driving method in which luminance of a light-emitting
element is controlled by  voltage. In the case where there is a large
difference in the characteristic value  between transistors of pixels, it
is difficult to employ the current driving method. In 10 order to employ
the current driving method, a correction circuit which corrects
characteristic variation is needed. When the EL display device is
manufactured by a  manufacturing method including a manufacturing process
of an SOI substrate, the  selection transistor 401 and the display control
transistor 402 do not have variation in  electrical characteristics from
pixel to pixel. Accordingly, the current driving method  15 can be
employed. [0081] Various electronic devices can be manufactured with the
use of SOI substrates.  The electronic devices include, in its category,
cameras such as video cameras and  digital cameras, navigation systems,
audio reproducing devices (such as car audio 20 systems and audio
components), computers, game machines, portable information  terminals
(such as mobile computers, mobile phones, portable game machines, and  



e-book readers), and image reproducing devices having recording media
(specifically,  devices provided with display devices capable of
reproducing audio data stored in  recording media such as a digital
versatile disk (DVD) and displaying stored image 25 data). An example of
such an electronic device is illustrated in FIGS. 11A to 11C.  [0082] FIGS.
11A to 11C illustrate an example of a mobile phone to which the present
invention is applied. FIG. 11A is a front view, FIG. 1 lB is a rear view,
and FIG. 11C is  a front view in which two housings slide. A mobile phone
700 includes two housings 30 701 and 702. The mobile phone 700 is a
so-called smartphone which has both  functions of a mobile phone and a
portable information terminal, and incorporates a  computer and can perform
a variety of data processing in addition to voice calls. 23 [0083] The
mobile phone 700 includes the housing 701 and the housing 702. The  housing
701 includes a display portion 703, a speaker 704, a microphone 705,
operation  keys 706, a pointing device 707, a front camera lens 708, a jack
709 for an external 5 connection terminal, an earphone terminal 710, and
the like, while the housing 702  includes a keyboard 711, an external
memory slot 712, a rear camera 713, a light 714,  and the like. In
addition, an antenna is incorporated in the housing 701. [0084] In addition
to the above-described structure, a non-contact IC chip, a small-size  10
memory device, or the like may be incorporated in the mobile phone 700.
[0085] The housings 701 and 702 overlapping with each other (FIG. 11 A) can
slide  and can be developed as illustrated in FIG. 11C. A display panel or
a display device  manufactured by the manufacturing method of the display
device described in 15 Embodiment 1 and Embodiment 2 can be incorporated in
the display portion 703.  Since the display portion 703 and the front
camera lens 708 are provided in the same  plane, the mobile phone 700 can
be used as a videophone. A still image and a moving  image can be taken by
the rear camera 713 and the light 714 by using the display  portion 703 as
a viewfinder. 20 [0086] 



By using the speaker 704 and the microphone 705, the mobile phone 700 can
be used as an audio recording device (sound recorder) or an audio
reproducing device.  With the use of the operation keys 706, operation of
incoming and outgoing calls,  simple information input for electronic mail
or the like, scrolling of a screen displayed 25 on the display portion,
cursor motion for selecting information to be displayed on the  display
portion, and the like are possible. [0087] If much information needs to be
handled, such as the case of creating  documents and using the mobile phone
700 as a portable information terminal, the use  30 of the keyboard 711 is
convenient. The housings 701 and 702 overlapping with each other (FIG 11A)
slide and can be developed as illustrated in FIG. 11C. In the case  where
the mobile phone 700 is used as a portable information terminal, smooth  24
operation with the keyboard 711 and the pointing device 707 can be
performed. The  jack 709 for an external connection terminal can be
connected to various cables such as  an AC adapter or a USB cable, whereby
the mobile phone 700 can be charged or can  perform data communication with
a personal computer or the like. Moreover, by 5 inserting a recording
medium into the external memory slot 712, the mobile phone 700  can deal
with storing and moving a large capacity of data. [0088] In the rear
surface of the housing 702 (FIG. 11B), the rear camera 713 and the  light
714 are provided, and a still image and a moving image can be taken by
using the  10 display portion 703 as a viewfinder. [0089] Further, the
mobile phone 700 may have an infrared communication function, a  USB port,
a function of receiving one segment television broadcast, a non-contact IC
chip, an earphone jack, or the like, in addition to the above-described
functions and  15 structures. [0090] The electronic device illustrated in
FIGS. 11A to 11 C can be manufactured by  application of the
above-described manufacturing method. [0091]  



20 Note that the structure described in this embodiment can be implemented
in  combination with any of the structures described in the other
embodiments in this  specification. This application is based on Japanese
Patent Application serial no.  2008-290500 filed with Japanese Patent
Office on November 13, 2008, the entire  25 contents of which are hereby
incorporated by reference. 25 WHAT IS CLAIMED IS: 1. A method for
manufacturing a semiconductor device, comprising the steps  of: forming a
first insulating film over a surface of a first single crystal silicon  5
substrate; forming a second insulating film over a surface of a second
single crystal  silicon substrate; doping an entire surface of the first
single crystal silicon substrate with first  ions through the first
insulating film to form a first embrittlement layer in the first single  10
crystal silicon substrate; doping the second single crystal silicon
substrate with second ions through the  second insulating film to
selectively form a second embrittlement layer in the second  single crystal
silicon substrate; bonding the first single crystal silicon substrate and
the second single crystal  15 silicon substrate to each other with the
first insulating film and the second insulating  film interposed
therebetween; separating part of the first single crystal silicon substrate
along the first  embrittlement layer by first heat treatment to form a
first single crystal silicon film over  the second single crystal silicon
substrate with the first insulating film and the second  20 insulating film
interposed therebetween; forming a third insulating film over the first
single crystal silicon film;  removing a region of the second single
crystal silicon substrate, in which the  second embrittlement layer is not
formed; bonding a base substrate and the second single crystal silicon
substrate to each  25 other with the third insulating film interposed
therebetween; 



separating part of the second single crystal silicon substrate along the
second  embrittlement layer by second heat treatment to form a second
single crystal silicon film  over the base substrate with the first
insulating film and the second insulating film  interposed therebetween; 30
selectively removing the second single crystal silicon film to form an
island-like second single crystal silicon film, and removing part of the
first insulating  film and part of the second insulating film to expose the
first single crystal silicon film;  26 and selectively removing the first
single crystal silicon film to form an island-like  first single crystal
silicon film, wherein in the case where a plane orientation of a main
surface of the first  5 single crystal silicon substrate is (100), a plane
orientation of a main surface of the  second single crystal silicon
substrate is (110), wherein in the case where the plane orientation of the
main surface of the first  single crystal silicon substrate is (110), the
plane orientation of the main surface of the  second single crystal silicon
substrate is (100), 10 wherein a dose of the second ions is smaller than a
dose of the first ions, and  wherein a temperature of the second heat
treatment is higher than a temperature  of the first heat treatment. 2. A
method for manufacturing a semiconductor device, comprising the steps  15
of: forming a first insulating film over a surface of a first single
crystal silicon  substrate; forming a second insulating film over a surface
of a second single crystal  silicon substrate; 20 forming a first mask
which entirely covers a peripheral portion of the second  single crystal
silicon substrate over the second insulating film; doping an entire surface
of the first single crystal silicon substrate with first  ions through the
first insulating film to form a first embrittlement layer in the first
single  crystal silicon substrate; 25 doping the second single crystal
silicon substrate with second ions through the  



second insulating film with the use of the first mask to selectively form a
second  embrittlement layer in the second single crystal silicon substrate;
removing the first mask; bonding the first single crystal silicon substrate
and the second single crystal  30 silicon substrate to each other with the
first insulating film and the second insulating  film interposed
therebetween; separating part of the first single crystal silicon substrate
along the first  27 embrittlement layer by first heat treatment to form a
first single crystal silicon film over  the second single crystal silicon
substrate with the first insulating film and the second  insulating film
interposed therebetween; forming a third insulating film over the first
single crystal silicon film; 5 forming a second mask which entirely covers
the second embrittlement layer  over the third insulating film; removing a
peripheral portion of the third insulating film, a peripheral portion  of
the first insulating film, a peripheral portion of the second insulating
film, and the  peripheral portion of the second single crystal silicon
substrate with the use of the  10 second mask; bonding a base substrate and
the second single crystal silicon substrate to each  other with the third
insulating film interposed therebetween; separating part of the second
single crystal silicon substrate along the second  embrittlement layer by
second heat treatment to form a second single crystal silicon film  15 over
the base substrate with the first insulating film and the second insulating
film  interposed therebetween; selectively removing the second single
crystal silicon film to form an  island-like second single crystal silicon
film, and removing part of the first insulating  film and part of the
second insulating film to expose the first single crystal silicon film;  20
and selectively removing the first single crystal silicon film to form an
island-like  first single crystal silicon film, wherein in the case where a
plane orientation of a main surface of the first  single crystal silicon
substrate is (100), a plane orientation of a main surface of the  



25 second single crystal silicon substrate is (110), wherein in the case
where the plane orientation of the main surface of the first  single
crystal silicon substrate is (110), the plane orientation of the main
surface of the  second single crystal silicon substrate is (100), wherein a
dose of the second ions is smaller than a dose of the first ions, and 30
wherein a temperature of the second heat treatment is higher than a
temperature  of the first heat treatment. 28 3. The method for
manufacturing a semiconductor device, according to claim 1,  wherein the
first ions and the second ions include at least one of H+, H2+, and  H3+
wherein the dose of the first ions is 2.5 x 1016 to 2.7 x 1016 cm 2, 5
wherein the dose of the second ions is 1.9 x 1016 to 2.1 x 1016 cm2,
wherein the temperature of the first heat treatment is 470 to 480 C, and
wherein the temperature of the second heat treatment is 490 C or higher. 4.
The method for manufacturing a semiconductor device, according to claim 2,
10 wherein the first ions and the second ions include at least one of H+,
H2+, and  H3+ wherein the dose of the first ions is 2.5 x 1016 to 2.7 x
1016 cm 2,  wherein the dose of the second ions is 1.9 x 1016 to 2.1 x 1016
cm2,  wherein the temperature of the first heat treatment is 470 to 480 C,
and 15 wherein the temperature of the second heat treatment is 490 C or
higher.  29 


