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(57) 	 ABSTRACT 

The present invention provides a method for manufacturing a 
monocrystalline film and a device formed by the above 
method, and according to the method mentioned above, lift-
off of the monocrystalline silicon film is preferably per-
formed and a high-purity monocrystalline silicon film can be 
obtained. A monocrystalline silicon substrate (template Si 
substrate) 201 is prepared, and on this monocrystalline silicon 
substrate 201, an epitaxial sacrificial layer 202 is formed. 
Subsequently, on this sacrificial layer 202, a monocrystalline 
silicon thin film 203 is rapidly epitaxially-grown using a RVD 
method, followed by etching of the sacrificial layer 202, 
whereby a monocrystalline silicon thin film 204 used as a 
photovoltaic layer of solar cells is formed. 
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METHOD FOR MANUFACTURING 
MONOCRYSTALLINE THIN FILM AND 

MONOCRYSTALLINE THIN FILM DEVICE 
MANUFACTURED THEREBY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No.10/585,731 filed Jan. 4, 2007 which is the U.S. 
national stage of International Application No. PCT/JPO4/ 
19195, filed Dec. 22, 2004, the disclosures of which are 
incorporated herein by reference in their entireties. This 
application claims priority to Japanese Patent Application 
JP2004-007754, filed Jan. 15, 2004, the disclosures of which 
are incorporated herein by reference in their entireties. 

TECHNICAL FIELD 

[0002] The present invention relates to a method for manu-
facturing a monocrystalline thin film and a monocrystalline 
thin film device manufactured using the above method, and 
more particularly, relates to a method for manufacturing a 
high-purity monocrystalline silicon thin film for solar cells 
and a solar cell containing the monocrystalline silicon thin 
film manufactured by the above method. 

BACKGROUND ART 

[0003] Hereinafter, conventional methods for manufactur-
ing a monocrystalline silicon thin film will be described. 

(a) Oxygen Ion Implantation Method 

[0004] Oxygen ions are implanted into a monocrystalline 
silicon substrate, followed by heat treatment, so that a layered 
structure is formed which is composed of monocrystalline 
silicon, silicon dioxide, and the monocrystalline silicon sub-
strate. 
[0005] However, when oxygen ions are implanted into the 
monocrystalline silicon substrate, problems may arise in that 
many defects are generated in upper-side monocrystalline 
silicon and the cost of ion implantation is high (see Patent 
Document 1 below). 

(b) Hydrogen Ion Implantation Method 

[0006] After hydrogen ions (H and H -) are implanted into 
a monocrystalline silicon substrate, this substrate is adhered 
to a support substrate, followed by heat treatment. Subse-
quently, a layer implanted with the hydrogen ions is destroyed 
and is then peeled away, so that a monocrystalline silicon thin 
film having a thickness on the order of submicrons can be 
formed on the support substrate. 
[0007] Since implanted hydrogen can only reach a depth on 
the order of sub-microns, for example, in solar cell applica-
tions, the thickness of the monocrystalline silicon thin film 
must be increased to approximately 10 µm by a chemical 
vapor deposition or a physical vapor deposition method at a 
temperature of 1,000° C. or more. However, it is difficult to 
obtain an inexpensive substrate which can satisfy require-
ments for heat resistance and coefficient of thermal expan-
sion. In addition, a method for increasing the thickness of a 
monocrystalline silicon thin film before a hydrogen ion 
implanted layer is peeled away from a substrate cannot be 

realized since the hydrogen ion implanted layer is destroyed 
under the film-thickening conditions (see Patent Document 2 
below). 

(c) Porous Silicon Method 

[0008] When a surface of a monocrystalline silicon sub-
strate is anodized, fine pores can be formed at a high density. 
After oxidation treatment is performed on surfaces of the fine 
pores thus formed, followed by removing parts of oxide lay-
ers which are close to the external surface with hydrofluoric 
acid, annealing is performed in a hydrogen atmosphere. As a 
result, the top-most surface again forms a continuous monoc-
rystalline film, so that a structure containing a great number of 
voids is formed thereunder. After this substrate thus treated is 
adhered to a support substrate, when the layer containing 
voids is chemically dissolved using a liquid phase method or 
is mechanically destroyed by water jet or the like, a monoc-
rystalline silicon thin film can be separated (see Patent Docu-
ment 3 below). 
[0009] However, the thickness of the upper-side silicon film 
is only approximately 1 µm which is a thickness to be con-
tributed by the surface tension, and when this silicon is used 
in solar cells, the thickness must be increased by a CVD 
method. Furthermore, when peeling is performed by 
mechanical destruction, the monocrystalline silicon substrate 
is also damaged, and hence a problem may arise in some cases 
in that the repeated use of the monocrystalline silicon sub-
strate is limited. In addition, a large number of steps are 
required, and the process is also disadvantageously compli-
cated. 

(d) Melting Recrystallization Method/Melting Crystalliza-
tion Method 

[0010] When a silicon dioxide film, a polycrystalline or an 
amorphous silicon thin, film, and a protective layer made of 
silicon dioxide are laminated in that order on a silicon sub-
strate, and scanning of a line-shaped melting zone by lamp 
heating or the like is performed, a polycrystalline silicon thin 
film can be formed in which crystal grains are well grown in 
the in-plane direction. Subsequently, after the protective layer 
is chemically dissolved, and the thickness of the polycrystal-
line silicon thin film is increased by a CVD method, etching 
of the silicon dioxide film is performed with hydrofluoric 
acid, so that the polycrystalline silicon thin film can be sepa-
rated (see Patent Document 4 below). 
[0011] However, since the thin layer thus obtained is 
merely a polycrystalline silicon thin film, besides inferior 
energy conversion efficiency, the silicon substrate is also dis-
advantageously degraded while the molten zone is scanned, 
and in addition, the process is complicated due to a great 
number of manufacturing steps. 

(e) Epitaxial Lift-Off (ELO) Method Using Sacrificial Layer 
Having Different Elemental Composition 

[0012] An epitaxial lift-off (ELO) method is a method for 
obtaining a monocrystalline thin film, that is a target material, 
comprising the steps of preparing a monocrystalline substrate 
used as a template, forming a sacrificial layer thereon by 
epitaxial growth, forming a target film on the sacrificial layer 
by epitaxial growth, and removing the sacrificial layer. 
[0013] Incidentally, when being used for solar cells, a 
monocrystalline silicon thin film exhibits superior energy 
conversion efficiency, safety, stability and the like; however, 
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the cost is disadvantageously high. As ultra pure silicon used 
for solar cells, substandard silicon which is a part of silicon 
produced in semiconductor industries has been procured at an 
inexpensive price; however, the ratio of the cost of silicon 
substrates is still high, and in addition, in recent years, the 
surplus of silicon, in semiconductor industries is getting short 
to meet the rapidly growing silicon consumption in the solar 
cell industry. Accordingly, when the substrates made from 
monocrystalline silicon can be replaced with thin films made 
therefrom, problems of the cost and supply of raw materials 
can be solved. 
[0014] Accordingly, the inventor of the present invention 
proposed a method for manufacturing a monocrystalline sili-
con thin film by an ELO method (see Patent Document 5 
below). In this method, it was proposed that when a metal 
silicide, a doped silicon layer or the like, that is "a material 
having a different elemental composition", is used as a sac-
rificial layer, the ELO method may also be applied to silicon. 
[0015] In particular, on a monocrystalline silicon substrate, 
a layer having a composition different from pure silicon, that 
is, metal silicide or highly doped silicon is epitaxially-grown 
as the sacrificial layer (intermediate layer), and silicon is then 
further epitaxially-grown thereon to form a monocrystalline 
silicon thin film, followed by removal of the sacrificial layer 
by chemical etching, so that the monocrystalline silicon sub-
strate and the monocrystalline silicon thin film axe separated 
from each other. Accordingly, the method was proposed in 
which while the monocrystalline silicon substrate is being 
reused, the monocrystalline silicon thin films are manufac-
tured. 
[0016] However, the method using the sacrificial layer as 
described above also has problems. That is, when a material 
such as metal silicide is used, impurities are incorporated into 
the monocrystalline silicon thin film, and hence a problem of 
the decreased energy conversion efficiency of solar cells 
occurs. On the other hand, when a doped silicon layer is used, 
in the process of forming the monocrystalline silicon thin film 
by epitaxial growth, a dopant diffuses in the monocrystalline 
silicon thin film and the substrate directions, and as a result, a 
problem has occurred in that a highly doped layer cannot be 
maintained. 
[0017] Patent Document 1: Japanese Unexamined Patent 
Application Publication No. 2000-077352 
[0018] Patent Document 2: Japanese Unexamined Patent 
Application Publication No. 11-040785 
[0019] Patent Document 3: Japanese Unexamined Patent 
Application Publication No. 05-275663 
[0020] Patent Document 4: Japanese Unexamined Patent 
Application Publication No. 07-226528 
[0021] Patent Document 5: W00240751 

DISCLOSURE OF INVENTION 

[0022] The above-described ELO method (e) using a sac-
rificial layer having a different composition will be further 
described in detail, and in addition, problems of this method 
will also be described. 
[0023] FIG. 1 includes cross-sectional views (part 1) show-
ing a process for manufacturing a monocrystalline silicon 
film by the ELO method described above which uses a sac-
rificial layer having a different composition. 
[0024] (1) First, a monocrystalline silicon substrate 1 is 
prepared as shown in FIG. 1(a). 
[0025] (2) Next, as shown in FIG. 1(b), on the surface of the 
monocrystalline silicon substrate 1, a metal silicide (MSix: M 

indicates a metal in this case) film 2 is epitaxially-grown as an 
intermediate layer (sacrificial layer). 
[0026] (3) Next, as shown in FIG. 1(c), a monocrystalline 
silicon film 3 is epitaxially-grown on the surface of the sac-
rificial layer 2. 
[0027] (4) Subsequently, as shown in FIG. 1(d), the metal 
silicide layer 2 is removed by etching, so that the monocrys-
talline silicon film 3 is separated. 
[0028] FIG. 2 includes cross-sectional views (part 2) show-
ing a process for manufacturing a monocrystalline silicon 
film by the ELO method using a sacrificial layer having a 
different composition. 
[0029] (1) As shown in FIG. 2(a), first of all, a monocrys-
talline silicon substrate 11 is prepared. 
[0030] (2) Next, as shown in FIG. 2(b), a highly doped 
silicon layer 12 is epitaxially-grown as an intermediate layer 
(sacrificial layer) on the surface of the monocrystalline sili-
con substrate 11, or doping is performed onto the surface 
thereof so as to form an intermediate layer (sacrificial layer). 
[0031] (3) Next, as shown in FIG. 2(c), on the surface of the 
highly doped silicon film 12, a monocrystalline silicon film 
13 is epitaxially-grown. 
[0032] (4) Subsequently, as shown in FIG. 2(d), the highly 
doped silicon film 12 is removed by etching, so that the 
monocrystalline silicon film 13 is separated. 
[0033] However, according to the methods for manufactur-
ing a monocrystalline silicon film described above, there have 
been the following problems. 
[0034] (A) According to the above-described method for 
manufacturing a monocrystalline silicon film shown in FIG. 
1, 
[0035] when the metal silicide (CoSi 2, NiSi2, or CrSi2) film 
2 is used as the sacrificial layer, selective etching of this metal 
silicide film 2 can be easily performed with an aqueous HF 
solution as an etching agent; however, metal atoms are incor-
porated into the monocrystalline silicon film 3, and hence a 
high-purity monocrystalline silicon film cannot be manufac-
tured. 
[0036] In particular, when a monocrystalline silicon thin 
film is used as a photovoltaic layer of solar cells, even when a 
very small amount of metal elements, such as 0.1 ppm or less. 
Is contained, the energy conversion efficiency of a solar cell is 
seriously degraded. 
[0037] (B) According to the above-described method for 
manufacturing a monocrystalline silicon film shown in FIG. 
2, 
[0038] when the highly doped silicon film 12 doped with a 
dopant such as B or P (p-type or n-type can be obtained, 
respectively, and the resistivity is less than 10 -2  Q cm) is 
formed as the sacrificial layer, and HF/HNO 3/CH3COOH is 
used as an etching agent the incorporation of dopant into the 
monocrystalline silicon film 13 does not cause a problem; 
however, when the monocrystalline silicon film 13 is epitaxi-
ally-grown, the distribution of the dopant becomes very broad 
because of the diffusion thereof, and as a result a problem may 
arise in that the lift-off of the monocrystalline silicon film 13 
is not ideally performed. 
[0039] In particular, when the monocrystalline silicon thin 
film 13 is epitaxially-grown on the sacrificial layer (highly 
doped silicon film 12), a certain period of time is required for 
the growth, and during this period, the dopant contained in the 
sacrificial layer 12 diffuses, so that a problem occurs in that 
the layered structure cannot be maintained (see FIG. 4). 
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[0040] FIG. 4 includes schematic views for illustrating the 
diffusion of a dopant during the epitaxial growth of a monoc-
rystalline silicon thin film on the structure composed of a 
highly doped silicon sacrificial layer and a monocrystalline 
silicon substrate, the diffusion being a conventional problem, 
FIG. 4(a) includes ideal views of targeted film structure and 
dopant concentration distribution, FIG. 4(b) includes views 
of actual film structure and dopant concentration distribution, 
and the state is shown in which the three-layered structure 
cannot be maintained due to the diffusion of the dopant during 
the epitaxial growth. 

[0041] Hence, according to the present invention, an object 
is to provide a method for manufacturing a monocrystalline 
thin film and a monocrystalline thin film device manufactured 
by the method mentioned above, the above method being 
capable to solve the problems described above, to preferably 
perform the lift-off of the monocrystalline silicon film, and to 
obtain a high-purity monocrystalline silicon film for solar 
cells. 

[0042] [1] In a method for manufacturing a monocrystal-
line thin film, a monocrystalline thin film containing a small 
number of crystal defects is manufactured by the steps of (a) 
preparing a monocrystalline substrate; (b) forming a sacrifi-
cial layer containing crystal defects on the monocrystalline 
substrate using the same material by epitaxial growth; (c) 
forming a monocrystalline thin film containing crystal 
defects on the sacrificial layer using the same material by 
epitaxial growth, the number of the crystal defects being 
smaller than that of the sacrificial layer; and (d) etching the 
sacrificial layer. 

[0043] [2] In the method for manufacturing a monocrystal-
line thin film, according to the above [1], following the step 
(b), crystal defects present on the surface of the sacrificial 
layer are eliminated. 

[0044] [3] In the method for manufacturing a monocrystal-
line thin film, according to the above [1] or [2], the monoc-
rystalline substrate is a monocrystalline silicon substrate, the 
sacrificial layer is a silicon sacrificial layer, and the monoc-
rystalline thin film is a monocrystalline silicon thin film. 

[0045] [4] In the method for manufacturing a monocrystal-
line thin film, according to the above [1] or [2], the monoc-
rystalline substrate is a monocrystalline GaAs substrate. 

[0046] [5] In the method for manufacturing a monocrystal-
line thin film, according to the above [1] or [2], the monoc-
rystalline substrate is a monocrystalline MgO substrate. 

[0047] [6] In the method for manufacturing a monocrystal-
line thin film, according to the above [1], the step (b) is 
performed by a physical vapor deposition method or a chemi-
cal vapor deposition method at a temperature of 400 to 1,200° 
C., so that a silicon sacrificial layer containing crystal defects 
is epitaxially-grown. 

[0048] In the method for manufacturing a monocrystalline 
thin film, according to the above [3] or [6], the crystal defects 
include twins, vacancies, interstitial atoms, edge dislocations, 
and screw dislocations. 

[0049] [8] In the method for manufacturing a monocrystal-
line thin film, according to one of the above [3], [6] and [7], 
the number density of the crystal defects is 1/µm 2  to 1/nm2  at 
the boundary between the monocrystalline silicon substrate 
and the silicon sacrificial layer, 

[0050] [9] In the method for manufacturing a monocrystal- 
line thin film, according to one of the above [3] and [6] to [8], 

twins exist at the boundary between the monocrystalline sili-
con substrate and the silicon sacrificial layer at a number 
density of 1/µm2  to 1/nm2 . 

[0051] [10] In the method for manufacturing a monocrys-
talline thin film, according to one of the above [3] and [6] to 
[9], following the step (b), thermal annealing is performed in 
a reducing atmosphere at a temperature of 1,000 to 1,400° C. 
so that crystal defects on the surface of the silicon sacrificial 
layer are eliminated. 
[0052] [11] In the method for manufacturing a monocrys-
talline thin film, according to the above [10], after the thermal 
annealing, the number density of twins present on the surface 
of the silicon sacrificial layer is one hundredth or less of that 
of twins present at the boundary between the monocrystalline 
silicon substrate and the silicon sacrificial layer. 
[0053] [12] in the method for manufacturing a monocrys- 
talline thin film, according to one of the above [3] and [6] to 
[11], the step (c) is performed by a physical vapor deposition 
method or a chemical vapor deposition method at a tempera-
ture of 1,000 to 1,400° C., so that the monocrystalline silicon 
thin film containing a small number of crystal defects is 
formed by epitaxial growth. 
[0054] [13] In the method for manufacturing a monocrys- 
talline thin film, according to one of the above [3] and [6] to 
[12], after the monocrystalline silicon thin film is supported 
by a support base material following the step (c), the silicon 
sacrificial layer is etched away so as to manufacture the 
monocrystalline silicon thin film. 
[0055] [14] In the method for manufacturing a monocrys- 
talline thin film, according to one of the above [3] and [6] to 
[13], holes are formed in the monocrystalline silicon substrate 
at intervals. 
[0056] In the method for manufacturing a monocrystalline 
thin film, according to one of the above [3] and [6] to [14], the 
thickness of the silicon sacrificial layer is set to 100 nm or less 
so that roughness of the bottom surface of the monocrystal-
line silicon thin film is reduced to 100 nm or less. 
[0057] [16] In the method for manufacturing a monocrys- 
talline thin film, according to one of the above [3] and [6] to 
[14], the thickness of the silicon sacrificial layer is set to 100 
nm or more so that the bottom surface of the monocrystalline 
silicon thin film has a texture structure of 100 nm or more, 
[0058] [17] In the method for manufacturing a monocrys-
talline thin film, according to one of the above [3] and [6] to 
[16], a texture structure is formed on the surface of the 
monocrystalline silicon substrate. 
[0059] [18] In the method for manufacturing a monocrys- 
talline thin film, according to one of the above [3] and [6] to 
[17], the etching of the silicon sacrificial layer is performed 
using a mixed solution of hydrofluoric acid and as oxidizing 
agent. 
[0060] [19] A monocrystalline thin film device is obtained 
by the method for manufacturing a monocrystalline thin film, 
according to one of the above [1] to [5]. 
[0061] [20] A monocrystalline thin film device obtained by 
the method for manufacturing a monocrystalline silicon thin 
film, according to one of the above [3] and [6] to [18]. 
[0062] [21] In the monocrystalline thin film device accord-
ing to the above [20], the monocrystalline silicon thin film is 
a photovoltaic layer of solar cells. 
[0063] [22] In the monocrystalline thin film device accord-
ing to the above [20], the monocrystalline silicon thin film is 
a monocrystalline silicon thin film used for SOI (Silicon-On-
Insulator). 
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[0064] [23] In a method for manufacturing a solar-cell 
monocrystalline silicon thin film, the solar-cell monocrystal-
line silicon thin film is produced by the steps of (a) preparing 
a monocrystalline silicon substrate; (b) forming an epitaxial 
sacrificial layer on this substrate; (c) rapidly forming a 
monocrystalline silicon thin film on the sacrificial layer by 
epitaxial growth, and (d) etching the sacrificial layer so as to 
manufacture a monocrystalline silicon thin film used as a 
photovoltaic layer of solar cells. 
[0065] [24] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to the above [23], 
the monocrystalline silicon thin film is formed by epitaxial 
growth at a temperature T(° C.) and at a film growth rate GR 
(µm/min) which satisfies the condition of 
GR>2x1 012  exp[-325(kJ/mol)/8.31(7/mol•K)/(T+273)(x)], 
whereby the change in structure of the sacrificial layer is 
prevented. 
[0066] [25] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to the above [23] 
or [24], the rapid epitaxial growth of the monocrystalline 
silicon thin film is performed by a physical vapor deposition. 
[0067] [26] in the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to one of the 
above [23] to [25], the sacrificial layer is crystal silicon con-
taining crystal defects. 
[0068] [27] In the method, for manufacturing a solar-cell 
monocrystalline silicon thin film, according to the above [26], 
the crystal defects includes twins, vacancies, interstitial 
atoms, edge dislocations, and screw dislocations. 
[0069] [28] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to the above [26] 
or [27], the number density of the crystal defects is 1/µm 2  to 
1/nm2 at the boundary between the monocrystalline silicon 
substrate and the silicon sacrificial layer. 
[0070] [29] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to one of the 
above [25] to [28], crystal defects on the surface of the sac-
rificial layer are eliminated following the step (b). 
[0071] [30] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to one of the 
above [23] to [25], the sacrificial layer is highly doped 
monocrystalline silicon. 
[0072] [31] in the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to the above [30], 
a dopant doped in the highly doped monocrystalline silicon is 
an element of group III or V. 
[0073] In the method for manufacturing a solar-cell monoc-
rystalline silicon thin film, according to the above [30] or 
[31], the dopant concentration of the highly doped monoc-
rystalline silicon is 10 18  atoms/cm3  or more. 
[0074] [33] in the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to one of the 
above [30] to [32], a dopant source is supplied onto the 
surface of the monocrystalline silicon substrate, whereby the 
highly doped monocrystalline silicon sacrificial layer is 
formed. 
[0075] [34] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to one of the 
above [30] to [32], a silicon source and a dopant source are 
simultaneously supplied onto the monocrystalline silicon 
substrate, whereby the highly doped monocrystalline silicon 
sacrificial layer is formed. 
[0076] [35] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to one of the 

above [30] to [32], a silicon source and a dopant source are 
supplied onto the monocrystalline silicon substrate while the 
ratio between the above two sources is controlled withtime so 
as to form a highly doped layer and a lightly doped layer in a 
silicon film which is rapidly epitaxially-grown, and the 
former is used as the sacrificial layer and the latter is used as 
the monocrystalline silicon thin film for a photovoltaic layer 
of solar cells. 
[0077] [36] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to one of the 
above [23] to [25], the sacrificial layer comprises compound 
crystal containing silicon. 
[0078] [37] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to the above [36], 
the compound crystal containing silicon is a metal silicide 
including CoSi 2, NiSi2, or CrSi 2 . 

[0079] [38] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to one of the 
above [23] to [25], the sacrificial layer comprises crystal 
containing no silicon. 
[0080] [39] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to one of the 
above [23] to [38], the sacrificial layer is etched using an 
aqueous solution containing hydrofluoric acid, whereby the 
monocrystalline silicon thin film used as a photovoltaic layer 
of solar cells is manufactured. 
[0081] [40] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to one of the 
above [23] to [39], after the monocrystalline silicon thin film 
is supported by a support base material following the step (c), 
the silicon sacrificial layer is etched away, whereby the 
monocrystalline silicon thin film used as a photovoltaic layer 
of solar cells is manufactured. 
[0082] [41] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to one of the 
above [23] to [40], holes are formed in the monocrystalline 
silicon substrate at intervals. 
[0083] [42] In the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to one of the 
above [23] to [41], a texture structure is formed on the surface 
of the monocrystalline silicon substrate. 
[0084] [43] A monocrystalline silicon thin film solar cell is 
obtained by the method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to one of the 
above 
[0085] to [42]. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0086] FIG. 1 includes cross-sectional views (part 1) show-
ing manufacturing steps of a monocrystalline silicon film by 
a conventional ELO method using a sacrificial layer having a 
different elemental composition. 
[0087] FIG. 2 includes cross-sectional views (part 2) show-
ing manufacturing steps of a monocrystalline silicon film by 
a conventional ELO method using a sacrificial layer having a 
different elemental composition. 
[0088] FIG. 4 includes schematic views for illustrating the 
diffusion of a dopant during epitaxial growth of a monocrys-
talline silicon thin film on the structure made of a highly 
doped silicon sacrificial layer and a monocrystalline silicon 
substrate, the diffusion being a conventional problem. 
[0089] FIG. 5 includes cross-sectional views (part 1) show-
ing manufacturing steps of a monocrystalline thin film of an 
example according to the present invention. 
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[0090] FIG. 6 includes cross-sectional views (part 2) show-
ing manufacturing steps of a monocrystalline thin film of an 
example according to the present invention. 
[0091] FIG. 7 includes cross-sectional views (part 3) show-
ing manufacturing steps of a monocrystalline thin film of an 
example according to the present invention. 
[0092] FIG. 8 includes cross-sectional views (part 4) show-
ing manufacturing steps of a monocrystalline thin film of an 
example according to the present invention. 
[0093] FIG. 9 includes cross-sectional views (part 5) show-
ing manufacturing steps of a monocrystalline thin film of an 
example according to the present invention. 
[0094] FIG. 10 includes cross-sectional views showing 
manufacturing steps of Example 1 according to the present 
invention. 
[0095] FIG. 11 is an electron microscope photograph show-
ing a cross-section of a sample which is obtained when a part 
of a sacrificial layer of Example 1 according to the present 
invention is etched. 
[0096] FIG. 12 includes cross-sectional views showing 
manufacturing steps of Example 2 according to the present 
invention. 
[0097] FIG. 13 includes cross-sectional views showing 
manufacturing steps of a monocrystalline thin film of 
Example 3 according to the present invention. 
[0098] FIG. 14 is an optical microscope photograph show-
ing a plane surface of a substrate provided with holes of 
Example 3 according to the present invention. 
[0099] FIG. 15 includes cross-sectional views showing 
manufacturing steps of a monocrystalline thin film of 
Example 4 according to the present invention. 
[0100] FIG. 16 is an electron microscope photograph show-
ing a cross-section of a substrate having a pyramid-shaped 
texture of Example 4 according to the present invention. 
[0101] FIG. 17 is a view showing the relationship between 
the temperature and the film growth rate according to the 
present invention. 
[0102] FIG. 18 is a graph showing a j scanning measure-
ment result of in-plane x-ray diffraction (XRD) of the (220) 
plane of a silicon thin film according to the present invention. 
[0103] FIG. 19 is a scanning electron microscope photo-
graph showing a cross-sectional view of a selectively etched 
structure formed of a monocrystalline silicon thin film, a 
highly p-doped silicon sacrificial layer, and a monocrystalline 
silicon substrate according to the present invention. 
[0104] FIG. 20 includes schematic cross-sectional views 
showing manufacturing steps of a solar-cell monocrystalline 
silicon thin film of an example according to the present inven-
tion. 
[0105] FIG. 21 is a schematic view of a high-throughput 
deposition (doped-layer forming) apparatus of an example 
according to the present invention. 
[0106] FIG. 22 includes cross-sectional views of a photo-
voltaic layer of solar cells formed along the flow performed 
by a high-throughput deposition apparatus of an example 
according to the present invention. 
[0107] FIG. 23 is a schematic view of a high-throughput 
deposition (defect containing-layer forming) apparatus of an 
example according to the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0108] Hereinafter, embodiments of the present invention 
will be described in detail. 

[0109] (1) FIG. 5 includes cross-sectional views (part 1) 
showing manufacturing steps of a monocrystalline thin film 
of an example according to the present invention. 
[0110] First, as shown in FIG. 5(a), a monocrystalline sub-
strate 21 is prepared. Next, as shown in FIG. 5(b), a monoc-
rystalline sacrificial layer 22 containing crystal defects is 
epitaxially-grown using the same material as that of the 
monocrystalline substrate 21. Then, as shown in FIG. 5(c), a 
high-purity monocrystalline thin film 23 containing a small 
number of crystal defects is epitaxially-grown on this monoc-
rystalline sacrificial layer 22 using the same material as that 
thereof. Subsequently, as shown in FIG. 5(d), the monocrys-
talline sacrificial layer 22 is etched (dissolved), and as a 
result, the high-purity monocrystalline thin film 23 contain-
ing a small number of crystal defects is obtained. 
[0111] In addition, the remaining monocrystalline sub-
strate 21 shown in FIG. 5(d) can be reused. 
[0112] (2) FIG. 6 includes cross-sectional views (part 2) 
showing manufacturing steps of a monocrystalline thin film 
of an example according to the present invention. 
[0113] First, as shown in FIG. 6(a), a monocrystalline sub-
strate 31 is prepared. Next, as shown in FIG. 6(b), a monoc-
rystalline sacrificial layer 32 containing crystal defects is 
epitaxially-grown using the same material as that of the 
monocrystalline substrate 31. Then, as shown in FIG. 6(c), 
crystal defects on a surface 33 of this monocrystalline sacri-
ficial layer 32 are eliminated. Next, as shown in FIG. 6(d), on 
the surface 33 of the monocrystalline sacrificial layer 32, the 
crystal defects of which are eliminated, a high-purity monoc-
rystalline thin film 34 containing a small number of crystal 
defects is epitaxially-grown using the same material as that of 
the monocrystalline sacrificial layer 32. Subsequently, as 
shown in FIG. 6(e), the monocrystalline sacrificial layer 32 is 
etched (dissolved), and as a result, the high-purity monocrys-
talline thin film 34 containing a small number of crystal 
defects is obtained. 
[0114] Also in this case, the remaining monocrystalline 
substrate 31 shown in FIG. 6(e) can be reused. 
[0115] (3) FIG. 7 includes cross-sectional views (part 3) 
showing manufacturing steps of a monocrystalline thin film 
of an example according to the present invention. 
[0116] First, as shown in FIG. 7(a), a monocrystalline sub-
strate 41 is prepared. Next, as shown in FIG. 7(b), a monoc-
rystalline sacrificial layer 42 containing crystal defects is 
epitaxially-grown using the same material as that of the 
monocrystalline substrate 41. Then, as shown in FIG. 7(c), a 
high-purity monocrystalline thin film 43 containing a small 
number of crystal defects is epitaxially-grown on this monoc-
rystalline sacrificial layer 42 using the same material as that 
thereof. Subsequently, as shown in FIG. 7(d), the high-purity 
monocrystalline thin film 43 containing a small number of 
crystal defects is supported by a support base material 44. 
Next, as shown in FIG. 7(e), the monocrystalline sacrificial 
layer 42 is etched (dissolved), and as a result, the high-purity 
monocrystalline thin film 43 is obtained which contains a 
small number of crystal defects and which is supported by the 
support base material 44. 
[0117] Also in this case, the remaining monocrystalline 
substrate 41 shown in FIG. 7(e) can be reused. 
[0118] (4) FIG. 8 includes cross-sectional views (part 4) 
showing manufacturing steps of a monocrystalline thin film 
of an example according to the present invention. 
[0119] First, as shown in FIG. 8(a), a monocrystalline sub- 
strate 51 is prepared. Next, as shown in FIG. 8(b), a monoc- 
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rystalline sacrificial layer 52 containing crystal defects is 
epitaxially-grown using the same material as that of the 
monocrystalline substrate 51. Then, as shown in FIG. 8(e), 
crystal defects on a surface 53 of this monocrystalline sacri-
ficial layer 52 are eliminated. Next, as shown in FIG. 8(d), on 
the surface 53 of the monocrystalline sacrificial layer 52, the 
crystal defects of which are eliminated, a high-purity monoc-
rystalline thin film 54 containing a small number of crystal 
defects is epitaxially-grown using the same material as that of 
the monocrystalline sacrificial layer 52. Subsequently, as 
shown in FIG. 8(e), the high-purity monocrystalline thin film 
54 is supported by a support base material 55. Next, as shown 
in FIG. 8(f), the monocrystalline sacrificial layer 52 is etched 
(dissolved), and as a result, the high-purity monocrystalline 
thin film 54 which contains a small number of crystal defects 
and which is supported by the support base material 55 is 
obtained. 
[0120] Also in this case, the remaining monocrystalline 
substrate 51 shown in FIG. 8(/) can be reused. 
[0121] (5) In the method for manufacturing a monocrystal-
line thin film according to one of the above (1) to (4), the 
monocrystalline substrate is a monocrystalline silicon sub-
strate, the sacrificial layer is a silicon sacrificial layer, and the 
monocrystalline thin film is a monocrystalline silicon thin 
film. 
[0122] (6) In the method for manufacturing a monocrystal-
line thin film, according to one of the above (1) to (4), the 
monocrystalline substrate is a monocrystalline GaAs sub-
strate. 
[0123] (7) In the method for manufacturing a monocrystal-
line thin film, according to one of the above (1) to (4), the 
monocrystalline substrate is an MgO substrate. 
[0124] (8) In the method for manufacturing a monocrystal-
line thin film, according to one of the above (1) to (4), the step 
(b) is performed by a physical vapor deposition method or a 
chemical vapor deposition method at a temperature of 400 to 
1,200° C., so that a silicon sacrificial layer containing crystal 
defects is formed by epitaxial growth. 
[0125] (9) In the method for manufacturing a monocrystal-
line thin film, according to one of the above (1) to (4), the 
crystal defects include twins, vacancies, interstitial atoms, 
edge dislocations, and screw dislocations. 
[0126] (10) In the method for manufacturing a monocrys-
talline thin film, according to the above (9), the number den-
sity of the crystal defects is 1/µm 2  to 1/nm2  at the boundary 
between the monocrystalline silicon substrate and the silicon 
sacrificial layer. 
[0127] (11) FIG. 9 includes cross-sectional views (part 5) 
showing manufacturing steps of a monocrystalline thin film 
of an example according to the present invention. In this case. 
It is intended to obtain a monocrystalline silicon thin film as 
the monocrystalline thin film. 
[0128] First, as shown in FIG. 9(a), a monocrystalline sili-
con substrate 61 is prepared. Next, as shown in FIG. 9(b), 
under a first film-forming condition in which a remaining gas 
pressure is relatively high and the temperature is relatively 
low, silicon is epitaxially-grown to form a monocrystalline 
silicon sacrificial layer 62 containing twins. Next, as shown in 
FIG. 9(c), by annealing in a reducing atmosphere, twins 
present on a surface 63 of the monocrystalline silicon sacri-
ficial layer 62 are eliminated. Then, as shown in FIG. 9(d), 
under a second film-forming condition in which a remaining 
gas pressure is lower than that under the first film-forming 
condition and the temperature is high, a monocrystalline sili- 

con thin film 64 containing a small number of defects is 
epitaxially-grown. Accordingly, as shown in FIG. 9(e), the 
monocrystalline silicon sacrificial layer 62 is etched (dis-
solved), and as a result, the high-purity monocrystalline sili-
con thin film 64 containing a small number of crystal defects 
is obtained. 
[0129] In addition, after being epitaxially-grown, the high-
purity monocrystalline silicon film 64 containing a small 
number of crystal detects which is supported, by a support 
base material (not shown) may be manufactured by the steps 
of supporting the monocrystalline silicon film 64, which is 
located at an upper side, by the support base material, and 
then etching (dissolving) the monocrystalline sacrificial layer 
62. 
[0130] Also in this case, the remaining monocrystalline 
substrate 61 shown in FIG. 9(e) can be reused. 
[0131] (12) in the method for manufacturing a monocrys-
talline thin film, according to the above (2) or (4), following 
the step (b), thermal annealing is performed in a reducing 
atmosphere at a temperature of 1,000 to 1,400° C., so that 
crystal defects on the surface of the silicon sacrificial layer are 
eliminated. 
[0132] (13) In the method for manufacturing a monocrys-
talline thin film, according to the above (12), after the above 
thermal annealing, the number density of twins present on the 
surface of the silicon sacrificial layer is one hundredth or less 
of that of twins present at the boundary between the monoc-
rystalline silicon substrate and the silicon sacrificial layer. 
[0133] (14) In the method for manufacturing a monocrys-
talline thin film, according to the above (3), the step (c) is 
performed by a physical vapor deposition method or a chemi-
cal vapor deposition method at a temperature of 1,000 to 
1,400° C., so that a monocrystalline silicon thin film contain-
ing a small number of crystal defects is formed by epitaxial 
growth. 
[0134] (15) In the method for manufacturing a monocrys-
talline thin film, according to the above (3), after the monoc-
rystalline silicon thin film is supported by the support base 
material following the step (c), the silicon sacrificial layer is 
etched away so as to manufacture a monocrystalline silicon 
thin film. 
[0135] (16) In the method for manufacturing a monocrys-
talline thin film, according to the above (3), holes are formed 
in the monocrystalline silicon substrate at intervals, so that 
etching of a silicon sacrificial layer is easily performed. 
[0136] (17) In the method for manufacturing a monocrys-
talline thin film, according to the above (3), the thickness of 
the silicon sacrificial layer is set to 100 nm or less, so that 
roughness of the bottom surface of the monocrystalline sili-
con thin film is reduced to 100 nm or less. 
[0137] (18) In the method for manufacturing a monocrys-
talline thin film, according to the above (3), the thickness of 
the silicon sacrificial layer is set to 100 nm or more, so that the 
bottom surface of the monocrystalline silicon thin film has a 
texture structure of 100 nm or more. 
[0138] (19) In the method for manufacturing a monocrys-
talline thin film, according to one of the above (1) to (4), a 
texture structure is formed on the surface of the monocrys-
talline silicon substrate. Accordingly, in particular, it is 
intended to improve the energy conversion efficiency when 
the monocrystalline thin film is used as a photovoltaic layer of 
solar cells. 
[0139] (20) In the method for manufacturing a monocrys- 
talline thin film, according to one of the above (1) to (4), the 
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etching (dissolution) of the silicon sacrificial layer is per-
formed using a mixed solution of hydrofluoric acid and an 
oxidizing agent. 
[0140] (21) A monocrystalline thin film device is obtained 
by the method for manufacturing a monocrystalline thin film, 
according to one of the above (1) to (20). 
[0141] (22) In the monocrystalline thin film device accord-
ing to the above (21), the monocrystalline thin film is a pho-
tovoltaic layer of solar cells. 
[0142] (23) In the monocrystalline thin film device accord-
ing to the above (21), the monocrystalline thin film is a 
monocrystalline thin film used for SOI. 
[0143] (24) in a method for manufacturing a solar-cell 
monocrystalline silicon thin film, according to the above (23), 
the monocrystalline silicon thin film is epitaxially-grown at a 
temperature T(° C.) and at a film, growth rate GR (µm/min) 
which satisfies the condition of GR>2x10' 2  exp[-325(kJ/ 
mol)/8.31 (J/mol•K)/(T+273)(x)], whereby the change in 
structure of the sacrificial layer is prevented. 
[0144] (25) in the method for manufacturing a solar-cell 
monocrystalline thin film, according to the above (23) or (24), 
a rapid epitaxial growth of the monocrystalline silicon thin 
film is performed by a physical vapor deposition. 
[0145] (26) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to one of the above (23) 
to (25), the sacrificial layer is crystal silicon containing crys-
tal defects. 
[0146] (27) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to the above (26), the 
crystal defects includes twins, vacancies, interstitial atoms, 
edge dislocations, and screw dislocations. 
[0147] (28) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to the above (26) or (27), 
the number density of the crystal defects is 1/µm 2  to 1/nm2  at 
the boundary between the monocrystalline silicon substrate 
and the silicon sacrificial layer. 
[0148] (29) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to one of the above (25) 
to (28), crystal defects on the surface of the sacrificial layer 
are eliminated following the step (b). 
[0149] (30) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to one of the above (23) 
to (25), the sacrificial layer is highly doped monocrystalline 
silicon. 
[0150] (31) In the method, for manufacturing a solar-cell 
monocrystalline thin film, according to the above (30), a 
dopant doped in the highly doped monocrystalline silicon is 
an element of group III or V. 
[0151] (32) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to the above (30) or (31), 
the dopant concentration of the highly doped monocrystalline 
silicon is 101$  atoms/cm3  or more. 
[0152] (33) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to one of the above (30) 
to (32), a dopant source is supplied onto the surface of the 
monocrystalline silicon substrate, so that the highly doped 
monocrystalline silicon sacrificial layer is formed. 
[0153] (34) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to one of the above (30) 
to (32), a silicon source and a dopant source are simulta-
neously supplied onto the monocrystalline silicon substrate, 
so that the highly doped monocrystalline silicon sacrificial 
layer is formed. 

[0154] (35) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to one of the above (30) 
to (32), a silicon source and a dopant source are supplied onto 
the monocrystalline silicon substrate while the ratio between 
the above two sources is controlled, with time to form a highly 
doped layer and a lightly doped layer in a silicon film which 
is rapidly epitaxially-grown, and the former is used as the 
sacrificial layer and the latter is used as the monocrystalline 
silicon thin film for a photovoltaic layer of solar cells. 
[0155] (36) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to one of the above (23) 
to (25), the sacrificial layer comprises compound crystal con-
taining silicon. 
[0156] (37) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to the above (36), the 
compound crystal containing silicon is a metal silicide 
including CoSi 2, NiSb2, or CrSi2 . 

[0157] (38) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to one of the above (23) 
to (25), the sacrificial layer comprises crystal containing no 
silicon. 
[0158] (39) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to one of the above (23) 
to (38), the sacrificial layer is etched using an aqueous solu-
tion containing hydrofluoric acid, so that the monocrystalline 
silicon thin film used as a photovoltaic layer of solar cells is 
manufactured. 
[0159] (40) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to one of the above (23) 
to (39), after the monocrystalline silicon thin film is supported 
by a support base material following the step (c), the silicon 
sacrificial layer is etched away so as to manufacture the 
monocrystalline silicon thin film used as a photovoltaic layer 
of solar cells. 
[0160] (41) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to one of the above (23) 
to (40), holes are formed in the monocrystalline silicon sub-
strate at intervals. 
[0161] (42) In the method for manufacturing a solar-cell 
monocrystalline thin film, according to one of the above (23) 
to (41), a texture structure is formed on the surface of the 
monocrystalline silicon substrate. 
[0162] (43) A monocrystalline silicon thin film solar cell is 
obtained by the method for manufacturing a solar-cell 
monocrystalline silicon thin film according to one of the 
above (23) to (42). 
[0163] Hereinafter, particular examples will be described. 

EXAMPLE 1 

[0164] FIG. 10 includes cross-sectional views showing 
manufacturing steps of Example 1 according to the present 
invention. 
[0165] (1) First, as shown in FIG. 10(a), a monocrystalline 
silicon substrate (such as 500 µm thick) 71 is prepared. 
[0166] This monocrystalline silicon substrate 71 has a flat 
upper surface since a monocrystalline silicon sacrificial film, 
which will be described later, is to be epitaxially-grown. 
[0167] (2) Next, as shown in FIG. 10(b), on the monocrys-
talline silicon substrate 71, by a sputter-deposition method 
with substrate heating, silicon containing crystal defects is 
epitaxially-grown in an atmosphere containing small 
amounts of oxygen and water vapor. That is, a monocrystal-
line silicon sacrificial film (such as 0.1 to 1 µm thick) 72 
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containing crystal defects is formed. This monocrystalline 
silicon sacrificial film 72 can be easily and precisely removed 
by etching, as described later. 
[0168] (3) Next, as shown in FIG. 10(c), on the monocrys-
talline silicon sacrificial film 72, monocrystalline silicon con-
taining a small number of defects is epitaxially-grown by a 
CVD method. That is, a high-purity monocrystalline silicon 
thin film (such as 10 µm thick) 73 containing a small number 
of crystal defects is formed. Accordingly, a three-layered 
structure which is formed of the same material and which 
includes the monocrystalline silicon sacrificial film 72 con-
taining crystal detects as the intermediate layer. 
[0169] As the epitaxial growth, various methods may be 
used; for example, as vapor phase growth, a CVD method 
using a silane gas or a chlorosilane gas or an evaporation 
method using silicon may be mentioned. 
[0170] (4) Next, as shown in FIG. 10(d), selective etching 
of the monocrystalline silicon sacrificial film 72 is performed 
using a HF/HNO3/CH3COOH mixed solution or a 
HF/KMnO4/CH3 COOH mixed solution, so that the high-
purity monocrystalline silicon thin film 73 containing a small 
number of defects is separated. 
[0171] FIG. 11 is an electron microscope photograph show-
ing a cross-section of a sample which is obtained as described 
below. The sample is obtained by the steps of forming the 
silicon sacrificial film 72 containing crystal defects and hav-
ing a thickness of 0.5 µm on the monocrystalline silicon 
substrate 71 by epitaxial growth using a sputter-deposition 
method with substrate heating at a temperature of 600° C., 
then forming the monocrystalline silicon thin film 73 contain-
ing a small number of defects and having a thickness of 20 µm 
on the above sacrificial film by a chemical vapor deposition 
method at a temperature of 1,200° C. using a mixture of 
trichlorosilane and a hydrogen gas as raw materials, and then 
etching a part of the sacrificial turn 72 using a HF/HNO 3/ 
CH3 COOH mixed solution. In the figure, the state is shown in 
which the sacrificial film 72 is selectively etched. 

EXAMPLE 2 

[0172] FIG. 12 includes cross-sectional views showing 
manufacturing steps of Example 2 according to the present 
invention. 
[0173] (1) First, as shown in FIG. 12(a), a monocrystalline 
silicon substrate (such as 500 µm thick) 81 is prepared. 
[0174] This monocrystalline silicon substrate 81 has a flat 
upper surface since a monocrystalline silicon sacrificial film, 
which will be described later, is to be epitaxially-grown. 
[0175] (2) Next, as shown in FIG. 12(b), on the monocrys-
talline silicon substrate 81, by a sputter-deposition method 
with substrate heating, silicon containing crystal defects is 
epitaxially-grown in an atmosphere containing small 
amounts of oxygen and water vapor. That is, a monocrystal-
line silicon sacrificial film (such as 0.1 to 1 µm thick) 82 is 
formed. This monocrystalline silicon sacrificial film 82 can 
be easily and precisely removed by etching, as described later. 
[0176] (3) Next, as shown in FIG. 12(c), on the monocrys-
talline silicon sacrificial film 82, monocrystalline silicon con-
taining a small number of defects is epitaxially-grown by a 
CVD method. That is, a high-purity monocrystalline silicon 
thin film (such as 10 µm thick) 83 containing a small number 
of crystal defects is formed. Accordingly, a three-layered 
structure which is formed of the same material and which 
includes the monocrystalline silicon sacrificial film 82 con-
taining crystal defects as the intermediate layer. 

[0177] As the epitaxial growth, various methods may be 
used; however, for example, as vapor phase growth, a CVD 
method using a silane gas or a chlorosilane gas or an evapo-
ration method using silicon may be mentioned. 
[0178] (4) Next, as shown in FIG. 12(d), a support base 
material 84 is held on the monocrystalline silicon thin film 83. 
As the support base material 84, a reinforced glass may be 
used. 
[0179] (5) Next, as shown in FIG. 12(e), selective etching 
of the monocrystalline silicon sacrificial film 82 is performed 
using a HF/KNO 3/CH3COOH mixed solution or a 
HF/KMnO4/CH3 COOH mixed solution, so that the high-
purity monocrystalline silicon thin film 83 is separated which 
contains a small number of defects and which is supported by 
the support base material 84. 

EXAMPLE 3 

[0180] FIG. 13 includes cross-sectional views showing 
manufacturing steps of a monocrystalline thin film of 
Example 3 according to the present invention. 
[0181] This example is the same as Examples 1 and 2 
except that holes 91A are formed in a monocrystalline silicon 
substrate 91 at intervals. That is, 
[0182] (1) first, as shownin FIG.13(a), themonocrystalline 
silicon substrate 91 is prepared in which the holes 91A are 
provided at intervals. 
[0183] An optical microscope photograph of a plane sur-
face of the monocrystalline silicon substrate 91 is shown FIG. 
14 in which the holes 91A of 100 µm in diameter are formed 
at 1 mm intervals by photolithography and selective etching. 
[0184] (2) Next, as shown in FIG. 13(b), on the monocrys-
talline silicon substrate 91, by a sputter-deposition method 
with substrate heating, silicon containing defects is epitaxi-
ally-grown in an atmosphere containing small amounts of 
oxygen and water vapor. That is, a monocrystalline silicon 
sacrificial film 92 is formed. 
[0185] (3) Next, as shown in FIG. 13(e), on the monocrys-
talline silicon sacrificial film 92, monocrystalline silicon con-
taining a small number of defects is epitaxially-grown by a 
CVD method. That is, a monocrystalline silicon thin film 93 
containing a small number of crystal defects is formed. 
[0186] As the epitaxial growth, various methods may be 
used; however, for example, as vapor phase growth, a CVD 
method using a silane gas or a chlorosilane gas or an evapo-
ration method using silicon may be mentioned. 
[0187] (4) Next, as shown in FIG. 13(d), a support base 
material 94 is held on the monocrystalline silicon thin film 93. 
As the support base material 94, a reinforced glass may be 
used. 
[0188] (5) Next, as shown in FIG. 13(e), selective etching 
of the monocrystalline silicon sacrificial film 92 is performed 
using a HF/KNO 3/CH3COOH mixed solution or a 
HF/KMnO4/CH3 COOH mixed solution. In this case, since 
the etchant is likely to enter the holes 91A formed in the 
monocrystalline silicon substrate 91 at intervals, separation 
of the monocrystalline silicon thin film 93 having a small 
number of defects can be smoothly performed. That is, the 
monocrystalline silicon sacrificial film 92 can be rapidly and 
precisely removed. 
[0189] In this example, the formation of holes is applied to 
the manufacturing method of Example 2 and may also be 
applied to that of Example 1. 




