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(57) ABSTRACT 

It is the gist of the present invention to provide a photovoltaic 
semiconductor Energy device in Which a single crystal semiconductor layer provided 
Laboratory Co Ltd Atsugidn over a substrate having an insulating surface or an insulating 
(JP) " ’ substrate is used as a photoelectric conversion layer, and the 

single crystal semiconductor layer is provided With a so 
12l078’087 called SOI structure Where the single crystal semiconductor 

layer is bonded to the substrate With an insulating layer inter 
Man 27, 2008 posed therebetWeen. As the single crystal semiconductor 

layer having a function as a photoelectric conversion layer, a 
single crystal semiconductor layer obtained by separation and 
transfer of an outer layer portion of a single crystal semicon 
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FIG. 2A 
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PHOTOVOLTAIC DEVICE AND METHOD 
FOR MANUFACTURING THE SAME 

TECHNICAL FIELD 

[0001] The present invention relates to photovoltaic 
devices using single crystal semiconductors or polycrystal 
line semiconductors and a method for manufacturing the 
photovoltaic device. In speci?c, the present invention relates 
to photovoltaic devices in Which single crystal layers or poly 
crystalline semiconductor layers are provided over support 
substrates having insulating properties. 

BACKGROUND ART 

[0002] As a measure against global Warming, solar photo 
voltaic systems are being introduced in many places. The total 
production of photovoltaic devices in the World in 2005 Was 1, 
759 MW, Which is an increase by 147% over the previous 
?scal year. At present, the most popular photovoltaic device is 
crystal photovoltaic devices, and photovoltaic devices using 
single crystal silicon orpolycrystalline silicon account for the 
large part of the production. A photovoltaic device Which is 
called a crystal photovoltaic device uses a silicon Wafer as a 
substrate, Which is obtained by slicing a large silicon ingot 
Which is manufactured. 
[0003] It is estimated that, in a crystal photovoltaic device 
using single crystal silicon or polycrystalline silicon, a thick 
ness of the silicon Wafer is su?icient to be about 10 pm for 
generating photoelectromotive force. HoWever, a silicon 
Wafer cut out from a silicon ingot has a thickness of about 200 
to 500 pm. This means that only about 5% of a silicon Wafer 
Which is used in a photovoltaic device contributes to photo 
electric conversion. 
[0004] As production of photovoltaic devices increases, 
shortage in supply of polycrystalline silicon, Which is a mate 
rial of silicon (a silicon ingot), and steep price rise of silicon 
Wafers become problems in industry. The production of poly 
crystalline silicon including polycrystalline silicon for semi 
conductors in the World in 2006 Was about 37 thousand tons, 
11 thousand tons of Which is demanded for solar sells. Pro 
duction of solar sells is increasing year by year and the 
demand has already been tight. In order to increase produc 
tion capacity of polycrystalline silicon, a large investment is 
needed and it is dif?cult to ensure the production Which 
corresponds to the demand. Therefore, it is expected that 
shortage of silicon Wafer supply Will continue. 
[0005] Here, as another mode of a photovoltaic device 
using a single crystal semiconductor substrate, a photovoltaic 
device using a single crystal semiconductor layer formed into 
a slice is given. For example, Patent Document 2 (Patent 
Document 2: Japanese Published Patent Application No. 
Hl0-335683) discloses a tandem solar cell in Which hydrogen 
ions are implanted into a single crystal silicon substrate, a 
single crystal silicon layer Which is separated from the single 
crystal silicon substrate in a layer shape is disposed over a 
support substrate in order to loWer the cost and save resources 
While maintaining high conversion ef?ciency. In this tandem 
solar cell, a single crystal semiconductor layer and a substrate 
are bonded to each other With a conductive paste. 

[0006] Further, an attempt to directly form the crystalline 
semiconductor layer over a substrate has been conventionally 
made. For example, a method for manufacturing a silicon thin 
?lm photovoltaic device in Which a crystalline silicon ?lm is 
deposited over a substrate by using a VHF Which is higher 
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than 27 MHZ and pulse modulating the VHF, is developed 
(see Patent Document 1: Japanese Published Patent Applica 
tion No. 2005-50905). Further, a technique for controlling 
plasma treatment conditions to optimiZe crystal grains and a 
concentration of a dopant into a crystal grain boundary When 
a thin ?lm polycrystalline silicon ?lm is formed by a plasma 
CVD method over a special electrode called a texture elec 
trode Which has a minute unevenness on its surface, is dis 
closed (see Patent Document 3: Japanese Published Patent 
Application No. 2004-14958). 

DISCLOSURE OF INVENTION 

[0007] HoWever, in a crystal thin ?lm silicon photovoltaic 
device, there is a problem in that crystal quality is inferior and 
conversion ef?ciency is loW compared to single crystal sili 
con. It is necessary that a polycrystalline silicon ?lm or a 
microcrystal silicon ?lm is deposited to a thickness greater 
than or equal to 1 pm by a chemical vapor deposition method, 
resulting in a problem of inferior productivity. In a chemical 
vapor deposition method, it is necessary that a large amount 
of a material gas ?oWs for ?lm formation. HoWever, only 
several percent of the material gas is utiliZed for groWth of a 
?lm and the rest is ejected. That is, in a chemical vapor 
deposition method, there is a problem in that effective utili 
Zation ef?ciency of a material gas is loW; accordingly, a 
suf?cient advantage in a crystal thin ?lm silicon photovoltaic 
device has not been found in terms of a cost of manufacturing. 
Further, as a semiconductor substrate in a crystal photovoltaic 
device, a semiconductor substrate a thickness of Which is ten 
times or more a thickness needed for photoelectric conversion 
is used. Thus, an expensive Wafer is Wasted. 

[0008] Further, in a method for bonding a single crystal 
semiconductor layer Which is formed into a slice to a support 
substrate With a conductive paste, there is a problem such that 
bond strength cannot be maintained for a long time. In par 
ticular, in a condition in Which a photovoltaic device is 
exposed to direct sunlight, there is a problem such that an 
organic material contained in a conductive paste is modi?ed 
and bond strength is loWered. In addition, there is a problem 
of reliability such that a conductive material (e.g., silver) in 
the conductive paste is diffused into the single crystal semi 
conductor layer, Which deteriorates photoelectric conversion 
characteristics of a semiconductor. 

[0009] In vieW of the foregoing, it is an obj ect of the present 
invention to attain thinning of a photoelectric conversion 
layer formed from a single crystal semiconductor or a poly 
crystalline semiconductor. It is another object of the present 
invention to e?iciently use a silicon semiconductor material 
Which is necessary for photoelectric conversion. It is still 
another object of the present invention to improve reliability 
of a photovoltaic device. 

[0010] One aspect of the present invention is a photovoltaic 
device having a single crystal semiconductor layer provided 
over a substrate having an insulating surface or an insulating 
substrate, in Which a so-called SOI structure is provided 
Where the single crystal semiconductor layer is bonded to the 
substrate With an insulating layer interposed therebetWeen. In 
the photovoltaic device, the single crystal semiconductor 
layer has a function of photoelectric conversion. The single 
crystal semiconductor layer is obtained by separation of an 
outer layer portion of a single crystal semiconductor substrate 
and transfer of the portion to the substrate having an insulat 
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ing surface or the insulating substrate. In the present inven 
tion, a polycrystalline semiconductor can be used instead of a 
single crystal semiconductor. 
[0011] The single crystal semiconductor layer and the sub 
strate having an insulating surface or the insulating substrate 
are bonded to each other With a layer Which has a smooth 
surface and forms a hydrophilic surface interposed therebe 
tWeen. In this speci?cation, this layer is also referred to as “a 
bonding layer” for the sake of convenience. At an initial stage 
of bond formation, Van der Waals forces or hydrogen bonding 
is utiliZed for force for bonding this bonding layer and the 
single crystal semiconductor layer, or the bonding layer and 
the substrate having an insulating surface or the insulating 
substrate. Thermal treatment is performed subsequent to the 
initial stage of bond formation, Whereby a bonding portion is 
changed to have a covalent bond and thus bonding force is 
further increased. 
[0012] In bonding the substrate to the single crystal semi 
conductor layer, as a bonding layer, a silicon oxide ?lm is 
preferably used Which is formed using organic silane as a 
material on one or both surfaces that are to form a bond. 

Examples of organic silane that can be used include silicon 
containing compounds, such as tetraethoxysilane (TEOS) 
(chemical formula: Si(OC2H5)4), trimethylsilane (TMS) 
(chemical formula: (CH3)3SiH), tetramethylcyclotetrasilox 
ane (TMCTS), octamethylcyclotetrasiloxane (OMCTS), 
hexamethyldisilaZane (HMDS), triethoxysilane (chemical 
formula: SiH(OC2H5)3), and trisdimethylaminosilane 
(chemical formula: SiH(N(CH3)2)3). 
[0013] The single crystal semiconductor layer provided 
over the substrate having an insulating substrate or the insu 
lating substrate is obtained by forming a region into Which 
ions of hydrogen, ions of an inert gas typi?ed by helium, or 
ions of halogen typi?ed by ?uorine are introduced at high 
concentration (hereinafter, also referred to as “a separation 
layer”) in a single crystal semiconductor substrate, and cleav 
ing the region. For example, When the separation layer is 
formed by addition of hydrogen ions to the single crystal 
semiconductor substrate, it is preferable to introduce one kind 
of ions or plural kinds of ions of different masses each con 
sisting of the same atom. In speci?c, the introduction is pref 
erably performed in the state Where H", Hf, and H3+ ions are 
included as hydrogen ions and the proportion of H; ions is 
increased. By the introduction of ions With a large number of 
atoms, a dosage can be substantially increased and thus pro 
ductivity can be improved. 
[0014] By using a single crystal semiconductor layer sepa 
rated from a single crystal semiconductor substrate, a photo 
voltaic device excellent in photoelectric conversion charac 
teristics can be obtained. By provision of a bonding layer 
betWeen a substrate having an insulating surface or an insu 
lating substrate and a single crystal semiconductor layer sepa 
rated from a single crystal semiconductor substrate, the tWo 
can be strongly bonded to each other. With the use of a 
speci?c silicon oxide ?lm as the bonding layer, a bond can be 
formed at a temperature less than or equal to 700° C. Accord 
ingly, even in the case of using a substrate With an upper 
temperature limit of 7000 C or loWer, such as a glass substrate, 
a single crystal semiconductor layer in Which a bonding por 
tion has high bond strength can be provided over a substrate 
of glass or the like. 

[0015] As a substrate to Which the single crystal semicon 
ductor layer is ?xed, it is possible to use any of a variety of 
glass substrates that are used in the electronics industry and 
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that are referred to as non-alkali glass substrates, such as 
aluminosilicate glass substrates, aluminoborosilicate glass 
substrates, and barium borosilicate glass substrates. In other 
Words, a single crystal semiconductor layer can be formed 
over a substrate that is longer than one meter on each side. 

With the use of such a large-area substrate, a photovoltaic 
device excellent in photoelectric conversion characteristics 
can be obtained. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] 
[0017] FIGS. 1A and 1B are vieWs each shoWing a cross 
sectional structure of a photovoltaic device in Which a single 
crystal semiconductor layer over an insulating substrate is 
used as a photoelectric conversion layer; 

[0018] FIGS. 2A and 2B are vieWs each shoWing a cross 
sectional structure of a photovoltaic device in Which a single 
crystal semiconductor layer over an insulating substrate is 
used as a photoelectric conversion layer; 

[0019] FIG. 3 is a plan vieW of a photovoltaic device relat 
ing to an embodiment mode; 

[0020] FIGS. 4A to 4D are cross-sectional vieWs illustrat 
ing manufacturing steps of a photovoltaic device relating to 
an embodiment mode; 

[0021] FIGS. 5A and 5B are cross-sectional vieWs illustrat 
ing manufacturing steps of a photovoltaic device relating to 
an embodiment mode; 

[0022] FIGS. 6A to 6C are cross-sectional vieWs illustrat 
ing manufacturing steps of a photovoltaic device relating to 
an embodiment mode; 

[0023] FIG. 7 is a plan vieW illustrating manufacturing 
steps of a solar photovoltaic module relating to an embodi 
ment mode; 
[0024] FIGS. 8A and 8B are cross-sectional vieWs illustrat 
ing manufacturing steps of a solar photovoltaic module relat 
ing to an embodiment mode; 

[0025] FIG. 9 is a plan vieW illustrating manufacturing 
steps of a solar photovoltaic module relating to an embodi 
ment mode; 
[0026] FIGS. 10A and 10B are cross-sectional vieWs illus 
trating manufacturing steps of a solar photovoltaic module 
relating to an embodiment mode; 

[0027] FIG. 11 is a plan vieW illustrating manufacturing 
steps of a solar photovoltaic module relating to an embodi 
ment mode; 
[0028] FIGS. 12A and 12B are cross-sectional vieWs illus 
trating manufacturing steps of a solar photovoltaic module 
relating to an embodiment mode; 

[0029] FIG. 13 is a plan vieW of a photovoltaic module 
relating to an embodiment mode; 

[0030] FIGS. 14A to 14C are cross-sectional vieWs illus 
trating manufacturing steps of a photovoltaic module relating 
to an embodiment mode; 

[0031] FIGS. 15A and 15B are cross-sectional vieWs illus 
trating manufacturing steps of a photovoltaic module relating 
to an embodiment mode; and 

[0032] FIGS. 16A to 16D are cross-sectional vieWs illus 
trating manufacturing steps of a photovoltaic module relating 
to an embodiment mode. 

In the accompanying draWings: 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

Embodiment Mode 

[0033] An embodiment mode of the present invention Will 
be described beloW With reference to the accompanying 
drawings. However, the present invention is not limited to the 
description given beloW, and it Will be readily apparent to 
those skilled in the art that various changes and modi?cations 
in modes and details thereof can be made Without departing 
from the purpose and scope of the present invention. There 
fore, the present invention should not be interpreted as being 
limited to the description of the embodiment mode given 
beloW. Note that in structures of the present invention Which 
are described beloW, like reference numerals are used for like 
portions throughout different draWings. 

(Structure of Photovoltaic Device) 

[0034] FIG. 1A shoWs a cross-sectional structure of a pho 
tovoltaic device in Which a substrate 101 is provided With a 
semiconductor layer 103. The substrate 101 is a substrate 
having an insulating surface or an insulating substrate, and 
any of a variety of glass substrates that are used in the elec 
tronics industry, such as aluminosilicate glass substrates, alu 
minoborosilicate glass substrates, and barium borosilicate 
glass substrates, can be used. Alternatively, a quartz glass 
substrate or a semiconductor substrate such as a silicon Wafer 

can be used. A semiconductor material such as silicon, ger 
manium, gallium arsenide, or indium pho sphide Which can be 
separated from a single crystal semiconductor substrate or a 
polycrystalline semiconductor substrate can be used for the 
semiconductor layer 103. Preferably, single crystal silicon is 
used for the semiconductor layer 103. 
[0035] BetWeen the substrate 101 and the semiconductor 
layer 103, a bonding layer 102 Which has a ?at surface and 
forms a hydrophilic surface is provided. A silicon oxide ?lm 
is suitable for use as the bonding layer 102. As the bonding 
layer 102, a silicon oxide ?lm formed by a chemical vapor 
deposition method With the use of an organic silane gas is 
particularly preferable. Examples of organic silane that can 
be used include silicon-containing compounds such as tetra 
ethoxysilane (TEOS) (chemical formula: Si(OC2H5)4), trim 
ethylsilane (TMS) (chemical formula: (CH3)3SiH), tetram 
ethylcyclotetrasiloxane (TMCTS), 
octamethylcyclotetrasiloxane (OMCTS), hexamethyldisila 
Zane (HMDS), triethoxysilane (chemical formula: SiH 
(OC2H5)3), and trisdimethylaminosilane (chemical formula: 
SiH(N<CH3)2)3)~ 
[0036] The bonding layer 102 Which has a smooth surface 
and forms a hydrophilic surface is provided to a thickness of 
5 to 500 nm. This thickness is effective for smoothing a 
surface of the bonding layer 102 and for relieving distortion 
due to stress betWeen the semiconductor layer 103 and the 
substrate 101. 
[0037] In FIG. 1A, the bonding layer 102 is provided on the 
semiconductor layer 103 side and is disposed in contact With 
a surface of the substrate 101, Whereby bonding can be per 
formed even at room temperature. In order to form a stronger 
bond, the substrate 101 and the semiconductor layer 103 may 
be pressed. Further, When thermal treatment is performed on 
the substrate 101 With Which the bonding layer 102 formed on 
the semiconductor layer 103 is disposed in contact, a strong 
bond can be formed. In this case, the thermal treatment may 
be performed under pres sure. 
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[0038] To bond the substrate 101 and the bonding layer 102 
to each other at loW temperature, it is necessary to clean 
surfaces thereof. When the substrate 101 and the bonding 
layer 102 surfaces of Which are cleaned are disposed in con 
tact With each other, a bond is formed by attraction betWeen 
the surfaces. In this case, it is preferable to perform treatment 
in Which a hydroxy group is attached to a bond formation 
surface of one or each of the substrate 101 and the bonding 
layer 102. By oxygen plasma treatment or oZone treatment, 
the surface of the substrate 101 can be made hydrophilic. It is 
considered that this phenomenon occurs because a surface 
Which is subjected to oxygen plasma treatment or oZone 
treatment is activated and a hydroxy group is attached. That 
is, in the case of performing treatment in Which a surface of 
the substrate 101 is made hydrophilic, a bond is formed by 
hydrogen bonding by the action of a hydroxy group on the 
surface. To increase strength of a bond formed at room tem 
perature, it is preferable to perform thermal treatment. 
[0039] As treatment for bonding the substrate 101 and the 
bonding layer 102 to each other at loW temperature, surfaces 
to form a bond may be cleaned by being irradiated With an ion 
beam using an inert gas such as argon. By the irradiation With 
an ion beam, a dangling bond is exposed on a surface of the 
substrate 101 or the bonding layer 102 and extremely active 
surfaces are formed. When surfaces Which are thusly acti 
vated are disposed in contact With each other, a bond can be 
formed even at loW temperature. A method for forming a bond 
by activation of surfaces is preferably carried out in vacuum 
because it is necessary for the surfaces to be highly cleaned. 

[0040] The semiconductor layer 103 is obtained by sepa 
rating a thin slice from a single crystal semiconductor sub 
strate. For example, the semiconductor layer 103 can be 
formed by a hydrogen ion implantation separation method in 
Which hydrogen ions are introduced into a single crystal 
semiconductor substrate at a predetermined depth at high 
concentration, and then, thermal treatment is performed and a 
single crystal silicon layer in an outer layer is separated. 
Alternatively, a method may be used in Which after single 
crystal silicon is epitaxially groWn over porous silicon, cleav 
age is performed by Water-jetting so that a porous silicon 
layer is separated. A thickness of the semiconductor layer 103 
is set to 0.1 to 10 pm. The thickness of the semiconductor 
layer 103 is su?icient for absorption of sunlight. Further, the 
thickness thereof is suitable for extracting a photogenerated 
carrier, Which ?oWs through the semiconductor layer 103, 
through an electrode before a photogenerated carrier is anni 
hilated by recombination. 
[0041] A ?rst impurity semiconductor layer 105 is pro 
vided in the semiconductor layer 103. An impurity element 
imparting p-type or n-type conductivity is added to the ?rst 
impurity semiconductor layer 105. An element belonging to 
Group 13 in the periodic table, such as boron, is used as a 
p-type impurity, and an element belonging to Group 15 in the 
periodic table, such as phosphorus or arsenic, is used as an 
n-type impurity. An impurity element can be added by an ion 
implantation method or an ion doping method. In this speci 
?cation, an ion implantation method indicates a method in 
Which an ioniZed gas Which had been subjected to mass 
separation is implanted into a semiconductor, and an ion 
doping method indicates a method in Which an ioniZed gas 
Which is not subjected to mass separation is introduced to a 
semiconductor. For example, in the case Where the semicon 
ductor layer 103 has p-type conductivity, phosphorus or 
arsenic is added to the ?rst impurity semiconductor layer 105, 














