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CLAIMS

1. A photovoltaic device comprising:

a bonding layer which is disposed in contact with a substrate havif
insulating surface;

a first electrode over the bonding layer;

a single crystal semiconductor layer over the first electrode;

a first impurity semiconductor layer formed in an opposite plane of the single
crystal semiconductor layer to the first electrode; . '

a protective film provided over the first impurity semicgnductor layer; and

a second electrode which is in contact with the fipt impurity semiconductor

layer.

single crystal semiconductor fayer is 0.1 to 10 pm.

5. The photovgltaic device according to claim 1, wherein the substrate is one
kind selected from gluminosilicate glass substrates, aluminoborosilicate glass substrates,

or barium borosilicate glass substrates.

6.4 hotovoltaic device comprising:
) layer provided over one surface of a substrate, a first bonding layer
provigded over the barrier layer,
" a second bonding layer which is disposed in contact with the first bonding
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a first electrode over the bonding layer;
a single crystal semiconductor layer over the first electrode;
a first impurity semiconductdr layer formed in an opposite plane of the s'e
crystal semiconductor layer to the first electrode;
5 - a protective film provided over the first impurity semiconductor layery/a
a second electrode which is in contact with the first impurity se: ’cenductor

layer.

7. The photovoltaic device according to claim 6, wherein a thickness of the

10  single crystal semiconductor layer is 0.1 to 10 pm.

8. The photovoltaic device according to claim wherein the substrate is one
kind selected from aluminosilicate glass substrates, aly inoborosih’cate glass substrates,
or barium borosilicate glass substrates. /

15

9. A photovoltaic device comiprising:

a barrier layer provided over one urface of a substrate;

a first bonding layer provided,

a single crystal semicondu layer with a first plane on a first bonding layer

over the barrier layer;

20 side on which a silicon oxide lay ¢ is formed and with a second plane on a side opposite
to the first bonding layer side in which a first impurity semiconductor layer and a

second impurity semicondy ctor 1ayer are formed so as to be separated from each other;

10. The photovoltaic device according to claim 1 to 5, wherein a thickness of




10

15

20

26

30

26
the single crystal semiconductor layer is 0.1 to 10 um.

11. The photovoltaic device according to any one of claims 1 to 6, wherein ¢
substrate is one kind selected from aluminosilicate glass substrates, aluminoborosi icate

glass substrates, or barium borosilicate glass substrates.

12. A method for manufacturing a photovoltaic device, comprisipg:

introducing one kind of ions or plural kinds of ions of diffg ent masses each
comprising a same atom, which are produced by subjecting a so b gas selected from
hydrogen, helium, or halogen to plasma excitation, into a singlg crystal semiconductor
substrate to form a separation layer in a region of the sing le crystal semiconductor
substrate at a predetermined depth from the surface of the/single crystal semiconductor
substrate, ‘

forming a silicon oxide film over the single/crystal semiconductor substrate by
a chemical vapor deposition method with the use gf an organic silane gas;

bonding the single crystal scmiconor substrate to a substrate having an
insulating surface by superposition there # with the silicon oxide film interposed
therebetween; ' '

performing thermal treatment'in a state where the single crystal semiconductor
insulating surface are superposed on cach other to

substrate and the substrate having
generate cleavage in the separation layer, and separating and removing the single crystal

semiconductor substrate witly'a single crystal semiconductor layer left over the substrate

organic silane gas, one kind selected from tetraethoxysilane (TEOS)
io J formula: Si(OC;Hs)s), trimethylsilane (TMS) (chemical formula: (CHs); SiH),
amethylcyclotetrasiloxane (TMCTS), octamethylcyclotetrasiloxane (OMCTS),
hexamethyldisilazane (HMDS), triethoxysilane (chemical formula: SiH(OC;Hs)s), or

/ trisdimethylaminosilane (chemical formula: STH(N(CHa);)3) is used.
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14. The method for manufacturing a photovoltaic device according to claim 12,
wherein a temperature at which the silicon oxide film is formed over the single crysf 1
‘semiconductor substrate by a chemical vapor deposition method with the usc/0f an
organic silane gas is a temperature at which an element introduced into the séparation
layer does not leave, and the thermal treatment is performed at a temperat fre at which
an element introduced into the separation layer leaves.

15. The method for manufacturing a photovoltaic device 3 o0 rding to claim 12,
wherein a temperature at which the silicon oxide film is formed over the single crystal
semiconductor substrate by a chemical vapor deposition mdethod with the use of an

organic silane gas is 350°C or lower, and the thermal treairhent is performed at 400°C or
higher.

16. The method for manufacturing a phetovoltaic device according to claim 12,
wherein the separation layer is formed by inffoduction of HY, H,", and H;* ions with a

high proportion of H" ions.

17. A method for manufact 'F» g a photovoltaic device, comprising:

introducing one kind of/ ons or plural kinds of ions of different masses each
comprising the same atom, whi h are produced by subjecting a source gas selected from
hydrogen, helium, or halog ' to plasma excitation, into a single crystal semiconductor
substrate to form a sepd ation layer in a region of the single crystal semiconductor
substrate at a predé ofmined depth from a surface of the single crystal semiconductor
substrate, |

adding an impurity element which controls conductivity in a region of the

forming a first electrode over the impurity semiconductor layer;
forming a silicon oxide film over the first electrode by a chemical vapor

deposition method with the use of an organic silane gas;
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bonding the single crystal semiconductor substrate to a substrate having an
insulating surface by superposition thereof with the silicon oxide film interpos
therebetween; '

performing thermal treatment in a state where the single crystal semicopductor
substrate and the substrate having an insulating surface are superposed on eacl other to
generate cleavage in the scbaration layer, and separating the sipgle crystal
semiconductor substrate to form a single crystal semiconductor layer oy€r the substrate
having an insulating surface; |

forming an impurity semiconductor layer having opposit¢ conductivity to the

- impurity semiconductor layer, in the single crystal semicondu layer, and

forming a second electrode over the impurity semiconductor layer having

opposite conductivity.

18. The method for manﬁfacturing a photltaic device according to claim 17,
wherein as the organic silane gas, one kind sélected from tetraethoxysilane (TEOS)
(chemical formula: Si(OC,Hs)s), trimethylsilahe (TMS) (chemical formula: (CHs);SiH),
tetramethylcyclotetrasiloxane (TMCTS), octamethyicyclotetrasiloxane (OMCTS),
hexamethyldisilazane (HMDS), triethkysilane (chemical formula: STH(OC;Hs)s), or
trisdimethylaminosilane (chemical ula: SiH(N(CH3),)3) is used.

19. The method for p anufacturing a photovoltaic device according to claim 17,

wherein a temperature at ¢hich the silicon oxide film is formed over the single crystal

semiconductor substragé by a chemical vapor deposition method with the use of an
organic silane gas is’a temperature at which an element introduced into the separation
layer does not leave, and the thermal treatment is performed at a temperature at which

an element infroduced into the separation layer leaves.

/- . The method for manufacturing a photovoltaic device according to claim 17,
wheréin a temperature at which the silicon oxide film is formed over the single crystal

spfiiconductor substrate by a chemical vapor deposition method with the use of an

/ organic silane gas is 350°C or lower, and the thermal treatment is performed at 400°C or

higher.
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wherein the separation layer is formed by introduction of H, Hy’, and Hj" ions wi

high proportion of Hs" jons.
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What is claimed is:

1. A method for manufacturing a photovoltaic device, comprising:

introducing one kind of ions or plural kinds of ions of different masses each
comprising a same atom, which are produced by subjecting a source gas selected
from hydrogen, helium, or halogen to plasma excitation, into a single crystal
semiconductor substrate to form a separation layer in a region of the single crystal
semiconductor substrate at a predetermined depth from the surface of the single
crystal semiconductor substrate,

forming a silicon oxide film over the single crystal semiconductor substrate by a
chemical vapor deposition method with the use of an organic silane gas;

bonding the single crystal semiconductor substrate to a substrate having an
insulating surface by superposition thereof with the silicon oxide film interposed
therebetween;

performing thermal treatment in a state where the single crystal semiconductor
substrate and the substrate having an insulating surface are superposed on each
other to generate cleavage in the separation layer, and separating and removing the
single crystal semiconductor substrate with a single crystal semiconductor layer left
over the substrate having an insulating surface, and

forming an impurity semiconductor layer as a photoelectric conversion layer by

addition of an impurity element to the single crystal semiconductor layer.

2. The method for manufacturing a photovoltaic device according to claim 1,
wherein as the organic silane gas, one kind selected from tetraethoxysilane (TEOS)
(chemical formula: Si(OC,Hs)s), trimethylsilane (TMS) (chemical formula: (CH3);SiH),
tetramethylcyclotetrasiloxane (TMCTS), octamethylcyclotetrasiloxane (OMCTS),
hexamethyldisilazane (HMDS), triethoxysilane (chemical formula: SiH(OC,Hs);), or
trisdimethylaminosilane (chemical formula: SiH(N(CHj3),)3) is used.

3. The method for manufacturing a photovoltaic device according to claim 1,
wherein a temperature at which the silicon oxide film is formed over the single crystal
semiconductor substrate by a chemical vapor deposition method with the use of an
organic silane gas is a temperature at which an element introduced into the separation
layer does not leave, and the thermal treatment is performed at a temperature at which

an element introduced into the separation layer leaves.
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4. The method for manufacturing a photovoltaic device according to claim 1,
wherein a temperature at which the silicon oxide film is formed over the single crystal
semiconductor substrate by a chemical vapor deposition method with the use of an
organic silane gas is 350° C or lower, and the thermal treatment is performed at 400°

C or higher.

5. The method for manufacturing a photovoltaic device according to claim 1,
wherein the separation layer is formed by introduction of H*, H,", and Hj" ions with a

high proportion of Hs" ions.

6. A method for manufacturing a photovoltaic device, comprising:

introducing one kind of ions or plural kinds of ions of different masses each
comprising the same atom, which are produced by subjecting a source gas selected
from hydrogen, helium, or halogen to plasma excitation, into a single crystal
semiconductor substrate to form a separation layer in a region of the single crystal
semiconductor substrate at a predetermined depth from a surface of the single crystal
semiconductor substrate,

adding an impurity element which controls conductivity in a region of the single
crystal semiconductor substrate at a depth shallower than that of the separation layer
formed in the single crystal semiconductor substrate to form an impurity semiconductor
layer;

forming a first electrode over the impurity semiconductor layer;

forming a silicon oxide film over the first electrode by a chemical vapor
deposition method with the use of an organic silane gas;

bonding the single crystal semiconductor substrate to a substrate having an
insulating surface by superposition thereof with the silicon oxide film interposed
therebetween;

performing thermal treatment in a state where the single crystal semiconductor
substrate and the substrate having an insulating surface are superposed on each
other to generate cleavage in the separation layer, and separating the single crystal
semiconductor substrate to form a single crystal semiconductor layer over the
substrate having an insulating surface;

forming an impurity semiconductor layer having opposite conductivity to the
impurity semiconductor layer, in the single crystal semiconductor layer, and

forming a second electrode over the impurity semiconductor layer having

opposite conductivity.
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7. The method for manufacturing a photovoltaic device according to claim 6,
wherein as the organic silane gas, one kind selected from tetraethoxysilane (TEOS)
(chemical formula: Si(OC,Hs)s), trimethylsilane (TMS) (chemical formula: (CH;)3SiH),
tetramethylcyclotetrasiloxane (TMCTS), octamethylcyclotetrasiloxane (OMCTS),
hexamethyldisilazane (HMDS), triethoxysilane (chemical formula: SiH(OC,Hs);), or

trisdimethylaminosilane (chemical formula: SiH(N(CHjs),)sis used.

8. The method for manufacturing a photovoltaic device according to claim 6,
wherein a temperature at which the silicon oxide film is formed over the single crystal
semiconductor substrate by a chemical vapor deposition method with the use of an
organic silane gas is a temperature at which an element introduced into the separation
layer does not leave, and the thermal treatment is performed at a temperature at which

an element introduced into the separation layer leaves.

9. The method for manufacturing a photovoltaic device according to claim 6,
wherein a temperature at which the silicon oxide film is formed over the single crystal
semiconductor substrate by a chemical vapor deposition method with the use of an
organic silane gas is 350° C or lower, and the thermal treatment is performed at 400°

C or higher.

10. The method for manufacturing a photovoltaic device according to claim 2,
wherein the separation layer is formed by introduction of H*, H,*, and Hs" ions with a

high proportion of Hs" ions.



