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(54) INTEGRATED THIN FILM SOLAR CELL AND MANUFACTURING METHOD THEREFOR

(57) An integrated thin-film solar battery, comprising:
a plurality of strings having a plurality of thin-film photo-
electric conversion elements formed on a transparent in-
sulating substrate, the thin-film photoelectric conversion
elements being electrically connected in series to each
other, wherein
the thin-film photoelectric conversion elements have a
first transparent electrode layer laminated on the trans-
parent insulating substrate, a photoelectric conversion
layer laminated on the first electrode layer and a second
electrode layer laminated on the photoelectric conver-
sion layer,
the plurality of strings are arranged in parallel on the same
transparent insulating substrate in a direction perpendic-
ular to the series-connecting direction across one or more

string separating grooves extending to the series-con-
necting direction,
the string separating groove includes a first groove
formed by removing the first electrode layer, and a sec-
ond groove formed by removing the photoelectric con-
version layer and the second electrode layer with a width
wider than that of the first groove,
the thin-film photoelectric conversion elements on any
position in the series-connecting direction are parallel-
connection elements some of which are removed by the
string separating groove and residual ones of which are
connected integrally so as to extend to the direction per-
pendicular to the series-connecting direction, and the
parallel-connection elements electrically connect the plu-
rality of strings in parallel.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an integrated thin-film solar battery and a manufacturing method thereof.

BACKGROUND ART

[0002] As a conventional technique, for example, Fig. 2 in Patent Document 1 discloses an integrated thin-film solar
battery (hereinafter, it is occasionally abbreviated to a solar battery) having a string (battery string) where a plurality of
thin-film photoelectric conversion elements are electrically connected in series.
In a conventional technique, the thin-film photoelectric conversion elements are configured so that a transparent electrode
layer, a photoelectric conversion layer and a metal electrode layer are sequentially laminated on a transparent insulating
substrate.
[0003] In this solar battery, the thin-film photoelectric conversion elements on both sides of a series-connecting direction
are parallel-connection elements that are connected to the thin-film photoelectric conversion elements adjacent in a
direction perpendicular to the series-connecting direction. A plurality of strings are electrically connected in parallel by
these parallel-connection elements, and an electric power is extracted from the parallel-connection elements.
In this case, a constitution may be such that a power collecting electrode made of a metal line (for example, a copper
line) is electrically jointed onto a metal electrode layer of each parallel-connection element via a brazing filler metal, and
a large electric current is extracted by the metal electrode layer and the power collecting electrode.
The plurality of strings are formed on one substrate and are connected in parallel because of the following reason.
When one string is formed on the substrate and even one leak portion is present in any thin-film photoelectric conversion
element (cell) in the string, an entire output of the string (the entire solar battery) is reduced. For this reason, the string
is divided plurally. As a result, even when the output from the string where the cell leak portion is present is reduced,
the entire output from the solar battery is prevented from being reduced.
[0004] Further, in this solar battery, the adjacent strings are insulated from each other by a string separating groove
(an aperture groove for light) having a cross-sectional shape shown in Fig. 4 of Patent Document 1.
This string separating groove includes a first groove obtained by removing the transparent electrode layer and a second
groove obtained by removing the photoelectric conversion layer and the metal electrode layer. When the thin-film pho-
toelectric conversion elements are removed by a light beam, a width of the second groove is made to be wider than a
width of the first groove so that the transparent electrode layer and the metal electrode layer are not shorted.
This string separating groove is formed as follows.
At first, a YAG fundamental wave light beam that can remove all the transparent electrode layer, the photoelectric
conversion layer and the metal electrode layer at once is emitted to a rear surface (outer surface) of the transparent
insulating substrate, so that the first groove that passes through the transparent electrode layer and the metal electrode
layer is formed. Thereafter, the YAG fundamental wave light beam, whose intensity is adjusted so that only the photo-
electric conversion layer and the metal electrode layer can be removed, is emitted to a region including the first groove
via the rear surface of the transparent insulating substrate, so that the second groove with the larger width is formed.

PRIOR ART DOCUMENTS

PATENT DOCUMENT

[0005] Patent Document 1: Japanese Patent Application Laid-Open No. 2002-124690

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0006] The string separating groove of this solar battery is formed by emitting the YAG fundamental wave light beam
of different intensity to the transparent insulating substrate and simultaneously transferring the light beam to a series-
connecting direction. At this time, the parallel-connection elements on both the sides that connected the plurality of
strings in parallel were not divided, but an ON/OFF state of the light beam was controlled accurately so that the other
thin-film photoelectric conversion elements therebetween were securely divided. In another manner, a portion that was
not divided by the light beam was coated with a mask.
[0007] A method for controlling ON/OFF of the light beam is easier as a step than a method using a mask.
However, in the method for controlling ON/OFF of the light beam, while a beam emitting unit is being transferred to the
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series-connecting direction by a transfer mechanism, the ON/OFF state of the light beam emission is controlled so that
a start point and an end point of the light beam are determined. For this reason, it was necessary to accurately control
the ON/OFF state of the light beam on a predetermined position using a precise transfer mechanism that could accurately
detect a position of the light beam. This case, therefore, has a disadvantage such that a cost of forming the string
separating groove increases.
[0008]  It is an object of the present invention to provide an integrated thin-film solar battery in which a string separating
groove is formed by an easy and low-cost method and thus a plurality of strings are connected in parallel, and a
manufacturing method thereof.

MEANS FOR SOLVING THE PROBLEM

[0009] Therefore, the present invention provides an integrated thin-film solar battery comprising:

a plurality of strings having a plurality of thin-film photoelectric conversion elements formed on a transparent insulating
substrate, the thin-film photoelectric conversion elements being electrically connected in series to each other, wherein
the thin-film photoelectric conversion elements have a first transparent electrode layer laminated on the transparent
insulating substrate, a photoelectric conversion layer laminated on the first electrode layer and a second electrode
layer laminated on the photoelectric conversion layer,
the plurality of strings are arranged in parallel on the same transparent insulating substrate in a direction perpendicular
to the series-connecting direction across one or more string separating grooves extending to the series-connecting
direction,
the string separating groove includes a first groove formed by removing the first electrode layer, and a second groove
formed by removing the photoelectric conversion layer and the second electrode layer with a width wider than that
of the first groove,
the thin-film photoelectric conversion elements on any position in the series-connecting direction are parallel-con-
nection elements some of which are removed by the string separating groove and residual ones of which are
connected integrally so as to extend to the direction perpendicular to the series-connecting direction, and the parallel-
connection elements electrically connect the plurality of strings in parallel.

[0010] Further, another aspect of the present invention provides a method for manufacturing an integrated thin-film
solar battery, comprising:

a pre-division string forming step of forming a pre-division string on a surface of a transparent insulating substrate,
the pre-division string having a plurality of thin-film photoelectric conversion elements electrically connected to each
other in series; and
a string dividing step of removing a predetermined portion of the pre-division string using a light beam and forming
a string separating groove extending to a series-connecting direction so as to form a plurality of strings, wherein
the pre-division string forming step includes a depositing step of laminating a first electrode layer, a photoelectric
conversion layer and a second electrode layer on the surface of the transparent insulating substrate in this order
so as to form a laminated film, and a step of removing the second electrode layer and the photoelectric conversion
layer from the laminated film to form a plurality of element separating grooves extending to a direction perpendicular
to the series-connecting direction so as to form the plurality of thin-film photoelectric conversion elements,
the string separating groove includes a first groove formed by removing the first electrode layer and a second groove
formed by removing the photoelectric conversion layer and the second electrode layer with a width wider than that
of the first groove, and
at the string dividing step, the pre-division string is partially removed by a light beam so that the string separating
groove is formed only on some of any thin-film photoelectric conversion elements extending to the direction per-
pendicular to the series-connecting direction, thereby forming the plurality of strings arranged in parallel in the
direction perpendicular to the series-connecting direction and parallel-connection elements for electrically connecting
the plurality of strings in parallel.

EFFECT OF THE INVENTION

[0011] In the present invention, any thin-film photoelectric conversion elements adjacent in the direction perpendicular
to the series-connecting direction are parallel-connection elements some of which are removed by the string separating
grooves and the residual ones of which are connected. The plurality of strings are formed in a manner that the other
thin-film photoelectric conversion elements adjacent in the same direction are separated by the string separating grooves.
According to the present invention, the string separating groove may be formed so as to remove some of the parallel-
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connection elements for connecting the plurality of strings in parallel. That is to say, since a difficulty that all the parallel-
connection elements should not be removed is eliminated, an allowable range of forming end portions of the string
separating grooves is widened.
Therefore, the string separating groove is formed by a simple method for controlling a transfer of a light beam with a
certain level of accuracy without accurately controlling the ON/OFF state of the light beam at the time of forming the
string separating groove, thereby providing the integrated thin-film solar battery where the plurality of strings are connected
in parallel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is a plan view illustrating an integrated thin-film solar battery according to an embodiment 1 of the present
invention;
Fig. 2(a) is a cross-sectional view taken along a line I-I of Fig. 1, Fig. 2(b) is a side view when the integrated thin-
film solar battery in Fig. 1 is viewed from a series-connecting direction, and Fig. 2(c) is a cross-sectional view taken
along a line II-II in Fig. 1;
Fig. 3(a) is a cross-sectional view taken along a line III-III in Fig. 1, Fig. 3(b) is a plan view illustrating a vicinity of a
string separating groove of the integrated thin-film solar battery in Fig. 1;
Fig. 4(a) is a partial cross-sectional view illustrating a vicinity of the string separating groove of the integrated thin-
film solar batter in the series-connecting direction according to an embodiment 2, and Fig. 4(b) is a partial plan view
illustrating the vicinity of the string separating groove of the integrated thin-film solar batter according to the embod-
iment 2;
Fig. 5(a) is a partial cross-sectional view illustrating the vicinity of the string separating groove of the integrated thin-
film solar battery in the sires-connecting direction according to an embodiment 3, and Fig. 5(b) is a partial plan view
illustrating the vicinity of the string separating groove of the integrated thin-film solar battery according to the em-
bodiment 3;
Fig. 6 is a plan view illustrating the integrated thin-film solar battery according to an embodiment 4 of the present
invention;
Fig. 7 is a plan view illustrating the integrated thin-film solar battery according to an embodiment 5 of the present
invention;
Fig. 8(a) is a partial cross-sectional view illustrating the vicinity of the string separating groove of the integrated thin-
film solar battery in the series-connecting direction according to the embodiment 5, and Fig. 8(b) is a partial plan
view illustrating the vicinity of the string separating groove of the integrated thin-film solar battery according to the
embodiment 5; and
Fig. 9(a) is a partial cross-sectional view illustrating the vicinity of the string separating groove of the integrated thin-
film solar battery in the series-connecting direction according to an embodiment 6, and Fig. 9 (b) is a partial plan
view illustrating the vicinity of the string separating groove of the integrated thin-film solar battery according to the
embodiment 6.

MODE FOR CARRYING OUT THE INVENTION

[0013] An integrated thin-film solar battery according to embodiments of the present invention is described in detail
below with reference to the drawings. The embodiments are examples of the present invention, and the present invention
is not limited to the embodiments.

(Embodiment 1)

[0014] Fig. 1 is a plan view illustrating the integrated thin-film solar battery according to an embodiment 1 of the present
invention. Fig. 2(a) is a cross-sectional view taken along a line I-I in Fig. 1, Fig. 2(b) is a side view where the integrated
thin-film solar battery in Fig. 1 is viewed from a series-connecting direction, and Fig. 2(c) is a cross-sectional view taken
along a line II-II in Fig. 1. Further, Fig. 3(a) is a cross-sectional view taken along a line III-III in Fig. 1, and Fig. 3(b) is a
plan view illustrating a vicinity of the string separating groove of the integrated thin-film solar battery in Fig. 1.
In Figs. 1 to 3, an arrow E represents a flowing direction of an electric current (current direction), and when simple
description of "an upper stream" or "a lower stream" in this specification means an upper stream or a lower stream in
the current direction.
In Figs. 1 to 3, an arrow A shows the series-connecting direction, and means a direction where a plurality of thin-film
photoelectric conversion elements that are connected and arranged in series.
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Further, in Figs. 1 to 3, an arrow B represents a direction that is perpendicular to the series-connecting direction.
[0015] This integrated thin-film solar battery includes a square transparent insulating substrate 1, a string S including
a plurality of thin-film photoelectric conversion elements 5 that are formed on the insulating substrate 1 and are electrically
connected in series to each other, one first power collecting electrode 6 and one second power collecting electrode 7
that are electrically jointed onto a second electrode layer 4 of thin-film photoelectric conversion elements 5a and 5b on
both ends of the series-connecting direction A in the string S via a brazing filler metal.
The thin-film photoelectric conversion elements 5 are configured so that a transparent first electrode layer 2, a photoe-
lectric conversion layer 3 and the second electrode layer 4 are laminated on the insulating substrate 1 in this order.
As the first and second power collecting electrodes 6 and 7, for example, a copper line, a solder plating copper line or
the like is used.
Hereinafter, "the integrated thin-film solar battery" is abbreviated to "the solar battery" as described above, and "the thin-
film photoelectric conversion element" is called as "a cell" is some cases.
Further, in this solar battery, a plurality of strings S (in this case, 6) are arranged on the same insulating substrate 1 in
parallel in the direction B perpendicular to the series-connecting direction via a plurality of string separating grooves 8
(in this case, 5) extending to the series-connecting direction A.

<String>

[0016] As shown in Figs. 1 and 2(a), the string S has an element separating groove 9 that is formed by removing the
second electrode layer 4 and the photoelectric conversion layer 3 between the adjacent two cells (thin-film photoelectric
conversion elements) 5.
This element separating groove 9 extends to the direction of the arrow B so that the second electrode 4 and the photo-
electric conversion layer 3 of the one cell 5 are electrically separated from the second electrode 4 and the photoelectric
conversion layer 3 of the other adjacent cell 5. A width of the element separating groove 9 (the direction of the arrow A)
is preferably about 30 to 80 Pm.
[0017] In this string S, the first electrode layer 2 of the one cell 5 has an extending section 2a whose one end (a lower-
stream side end portion in the current direction E) acrosses the element separating groove 9 and that extends to a region
of the other adjacent cell 5, and is electrically insulated from the adjacent first electrode layer 2 by an electrode separating
line 10.
Further, one end (upper-stream side end portion in the current direction E) of the second electrode layer 4 of the one
cell 5 is electrically connected to the extending section 2a of the first electrode layer 2 of the adjacent cell 5 via a series-
connection conductive section 4a passing through the photoelectric conversion layer 3. The conductive section 4a can
be formed integrally with the second electrode layer 4 by the same step and the same material.
[0018] Further, in the plurality of strings S, cells 5a and 5b that are jointed to the first and second power collecting
electrodes 6 and 7 are connected as shown in Figs. 1 and 2(b).
In this case, the string separating groove 8 does not completely separate the adjacent two strings S. That is to say, the
cells 5a and 5b on the both ends in the direction of the arrow A extend long to the direction of the arrow B, and thus the
both ends of all the strings S are electrically connected in parallel to the first and second power collecting electrodes 6
and 7 via the common second electrode 4.
That is to say, the cells 5a and 5b on the both ends are parallel-connection elements for electrically connecting the
plurality of strings S in parallel.
[0019] The string separating groove 8 includes a first groove 8a formed by removing the first electrode layer 2, and a
second groove 8b formed by removing the photoelectric conversion layer 3 and the second electrode layer 4 with a
width wider than that of the first groove 8a. This string separating groove 8 prevents the short circuit between the first
electrode layer 2 and the second electrode layer 4 of each cell. A width of the first groove 8a (the direction of the arrow
B) is preferably about 10 to 1000 Pm, and a width of the second groove 8b (the direction of the arrow B) is preferably
about 20 to 1500 Pm.
[0020] As shown in Figs. 3(a) and (b), in the plurality of strings, any cells extending to the direction B perpendicular
to the series-connecting direction A, namely, the two cells 5a and 5b jointed to the first and second power collecting
electrodes 6 and 7 are partially removed by the string separating groove 8 and their residual portions may be connected
integrally.
[0021] Concretely, an end portion 8a1 of the first groove 8a on the upper-stream side of the current direction E is
arranged on the upper-stream side with respect to the first electrode layer 2 of the cell 5 adjacent to the lower-stream
side of the cell 5a as the upper-stream side parallel element. As a result, the first electrode layers 2 of the plurality of
cells 5 (the direction B) adjacent to the cell 5a are completely insulated and separated by the first groove 8a.
In the embodiment 1, since the end portion 8a1 of the first groove 8a is arranged within a region of the element separating
groove 9 adjacent to the cell 5a, the first electrode layer 2 of the cell 5a is partially removed.
A position of the end portion 8a1 of the first groove 8a can shift to a region of the electrode separating line 10 for insulating
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and separating the first electrode layer 2 of the cell 5 adjacent to the first electrode layer 2 of the cell 5a.
[0022] Further, an end portion 8b2 of the second groove 8b on the lower-stream side of the current direction E is
arranged on the lower-stream side with respect to the second electrode layer 4 of the cell 5 adjacent to the upper-stream
side of the cell 5b as the lower-stream side parallel element. As a result, the second electrode layer 4 and the photoelectric
conversion layer 3 of the plurality of cells 5 (direction B) adjacent to the cell 5b are completely insulated and separated
by the second groove 8b.
In the embodiment 1, since the end portion 8b2 of the second groove 8b is positioned near the element separating grove
9 of the cell 5b, the second electrode layer 4 and the photoelectric conversion layer 3 of the cell 5b are partially removed.
In Fig. 3(b), a symbol Pa1 represents a position where the upper-stream side end portion 8a1 of the first groove 8a is
allowed to be formed on the upper-stream side cell 5a, and a symbol Pb1 represents a position where the upper-stream
side end portion 8b1 of the second groove 8b is allowed to be formed on the upper-stream side cell 5a. A symbol Pa2
represents a position where a lower-stream side end portion 8a2 of the first groove 8a is allowed to be formed on the
lower-stream side cell 5b, and a symbol Pb2 represents a position where a lower-stream side end portion 8b2 of the
second groove 8b is allowed to be formed on the lower-stream side cell 5b.
[0023]  On the other hand, parts of the cell 5a (the second electrode layer 4 and the photoelectric conversion layer 3)
may be removed or not removed and thus is not removed in the embodiment 1, and the end portion 8b1 of the second
groove 8b arranged on the upper-stream side of the current direction E is positioned in the region of the element separating
groove 9 adjacent to the cell 5a. That is to say, the end portion 8b1 of the second groove 8b may be arranged in a range
across a region of the cell 5 adjacent to the lower stream side of the cell 5a and a position tap into the cell 5a by a
predetermined dimension.
When a fundamental wave of a YAG laser is used as a light beam to be used for forming the first groove 8a, not only
the first electrode layer 2 but also the photoelectric conversion layer 3 and the second electrode layer 4 are removed.
For this reason, the position of the end portion of the second groove 8b matches with at least the end portion of the first
groove 8a, and is preferably a position surrounding the end portion of the first groove 8a.
Further, in the end portion 8a2 of the first groove 8a arranged on the lower-stream side of the current direction E, a part
of the cell 5b (the first electrode layer 4) may be removed or not removed and is not removed in the embodiment 1. The
end portion 8a2 is positioned near the element separating groove 9 of the cell 5 adjacent to the cell 5b. That is to say,
the end portion 8a2 of the first groove 8a may be arranged in the range across the region of the cell 5 adjacent to the
upper-stream side of the cell 5b and the position tap into the cell 5b by a predetermined dimension.
[0024] When the first groove 8a and the second groove 8b are formed in such a manner, the first electrode layers 2
of the plurality of cells 5 in the direction of the arrow B adjacent to the cell 5a on the upper-stream side are insulated
and separated. For this reason, one of the cells 5 leaks, the other cells 5 are not influenced. Further, the plurality of cells
5 adjacent to the cell 5b on the lower-stream side are connected by some parts of the first electrode layer 2, but since
the second electrode layer 4 and the photoelectric conversion layer 3 are insulated and separated, even if one of these
cells 5 leaks, the other cells 5 are not influenced.
[0025] In the present invention, the first electrode layer 2 of the plurality of cells 5 adjacent to the cell 5a on the upper-
stream side are completely separated by the first groove 8a, and the second electrode layer 4 and the photoelectric
conversion layer 3 (particularly, the second electrode layer 4) of the plurality of cells 5 adjacent to the cell 5b on the
lower-stream side may be completely separated by the second groove 8b.
For this reason, the allowable range of forming the first groove 8a and the second groove 8b, namely, a range where
both the ends of the first groove 8a and the second groove 8b can be formed is widened. As a result, the string separating
groove 8 is formed by a simple method for controlling transfer of the light beam with a certain level of accuracy without
accurately controlling the ON/OFF state of the light beam at the time of forming the string separating groove 8, so that
the integrated thin-film solar battery where the plurality of strings S are connected in parallel can be obtained.
The transfer control of the light beam in the direction of the arrow A and the ON/ OFF control at the time of forming the
first groove 8a and the second groove 8b are described in detail later.
[0026] For example, in the series-connecting direction A, a length of the cell 5a on the upper-stream side is 5 to 15
mm, a length of the cell 5b on the lower-stream side is 3 to 5 mm, a length of the other cells 5 is 5 to 15 mm, a width of
the first and second power collecting electrodes 6 and 7 are 1 to 2 mm, and a width of the element separating groove
9 is 30 to 80 Pm. In this case, the forming allowable range La of the upper-stream side end portion 8a1 of the first groove
8a can be set to about 0 to 12 mm, and the forming allowable range Lb of the lower-stream side end portion 8b2 of the
second groove 8b can be set to about 0 to 2 mm.
The forming allowable position Pa1 where the upper-stream side end portion 8a1 of the first groove 8a is a position where
the forming allowable position Pb1 whose forming tolerance exceeds that of the forming allowable position Pa1 can be
enough unreachable with respect to the jointed portion of the first power collecting electrode 6. Further, the forming
allowable position Pb2 of the lower-stream-side end portion 8b2 of the second groove 8b is enough unreachable with
respect to the jointed portion of the second power collecting electrode 7.
[0027]  In this string S, the cell 5b on the side of the second power collecting electrode 7 does not substantially
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contribute to power generation because the cell 5b is formed so that its width in the series-connecting direction A is
narrow. For this reason, the second electrode 4 of the cell 5b is used as an extraction electrode of the first electrode 2
of the adjacent cell 5.
Further, the plurality of strings S are formed on an inner side with respect to outer peripheral end surfaces (end surfaces
of four sides) of the transparent insulating substrate 1. That is to say, the outer peripheral region of the surface of the
insulating substrate 1 is a nonconductive surface region 12 where the first electrode layer 2, the photoelectric conversion
layer 3 and the second electrode layer 4 are not formed, and its width is set to a dimension range according to an output
voltage from the solar battery.

[Transparent Insulating Substrate and First Electrode Layer]

[0028] As the transparent insulating substrate 1, a glass substrate, a resin substrate made of polyimide or the like
each having a heat-resistant in a subsequent film forming process and transparency.
The first electrode layer 2 is made of a transparent conductive film, and preferably made of a transparent conductive
film including a material containing ZnO or SnO2. The material containing SnO2 may be SnO2 itself, or may be a mixture
of SnO2 and another oxide (for example, ITO as a mixture of SnO2 and In2O3).

[Photoelectric Conversion Layer]

[0029] A material of each semiconductor layer configuring the photoelectric conversion layer 3 is not particularly limited,
and each semiconductor layer includes, for example, a silicon semiconductor, a CIS (CuInSe2) compound semiconductor,
and a CIGS (Cu(In, Ga)Se2) compound semiconductor.
A case where each semiconductor layer is made of the silicon semiconductor is described as an example below.
"The silicon semiconductor" means a semiconductor made of an amorphous silicon or a microcrystal silicon, or a sem-
iconductor in which carbon, germanium or another impurity is added to an amorphous silicon or a microcrystal silicon
(silicon carbide, silicon germanium or the like). Further, "the microcrystal silicon" means a silicon in a state of a mixed
phase including a crystal silicon with a small grain size (about several dozens to several thousand Å) and an amorphous
silicon. The microcrystal silicon is formed when a crystal silicon thin film is produced at a low temperature by using a
nonequilibrium process such as a plasma CVD method.
[0030] The photoelectric conversion layer 3 is constituted so that a p-type semiconductor layer, an i-type semiconductor
layer and an n-type semiconductor layer are laminated from the side of the first electrode 2. The i-type semiconductor
layer may be omitted.
The p-type semiconductor layer is doped with p-type impurity atoms such as boron or aluminum, and the n-type semi-
conductor layer is doped with n-type impurity atoms such as phosphorus.
The i-type semiconductor layer may be a semiconductor layer that is completely undoped, and, may be a weak p-type
or weak n-type semiconductor layer including a small amount of impurities that sufficiently has a photoelectric converting
function.
In this specification, "the amorphous layer" and "the microcrystal layer" mean amorphous and microcrystal semiconductor
layers, respectively.
Further, the photoelectric conversion layer 3 may be of a tandem type where a plurality of pin structures are laminated.
The photoelectric conversion layer 3 may include, for example, an upper semiconductor layer where an a-Si:H p-layer,
an a-Si:H i-layer and an a-SiH n-layer are laminated on the first electrode 2 in this order, and a lower semiconductor
layer where a Pc-Si:H p-layer, a Pc-Si:H i-layer and a Pc-Si:H n-layer are laminated on the upper semiconductor layer
in this order.
Further, the pin structure may be the photoelectric conversion layer 3 having a three-layered structure including the
upper semiconductor layer, a middle semiconductor layer and the lower semiconductor layer. For example, the three-
layered structure may be such that an amorphous silicon (a-Si) is used for the upper and middle semiconductor layers,
and a microcrystal silicon (Pc-Si) is used for the lower semiconductor layer.
A combination of the material of the photoelectric conversion layer 3 and the laminated structure is not particularly limited.
In embodiments and examples of the present invention, a semiconductor layer positioned on a light incident side of the
thin-film solar battery is the upper semiconductor layer, and a semiconductor layer positioned on a side opposite to the
light incident side is the lower semiconductor layer. A straight line drawn in the photoelectric conversion layer 3 in Figs.
2(a) to (c) shows a boundary between the upper semiconductor layer and the lower semiconductor layer.

[Second Electrode Layer]

[0031] A structure and a material of the second electrode layer 4 are not particularly limited, but in one example, the
second electrode 4 has a laminated structure where a transparent conductive film and a metal film are laminated on the
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photoelectric conversion layer.
The transparent conductive film is made of ZnO, ITO, SiO2 or the like. The metal film is made of metal such as silver or
aluminum.
The second electrode layer 4 may be made of only a metal film of Ag or Al, but it is preferable that the transparent
conductive film made of ZnO, ITO or SnO2 is arranged on the side of the photoelectric conversion layer 3 because a
reflection rate at which light unabsorbed by the photoelectric conversion layer 3 is reflected from the rear electrode layer
4 is improved, and the thin-film solar battery with high conversion efficiency can be obtained.

[Another Structure]

[0032] . As not shown, but in this solar battery, a rear surface sealing material is laminated on the transparent insulating
substrate 1 via an adhesive layer so as to completely cover the string S and a nonconductive surface region 8.
As the adhesive layer, for example, a sealing resin sheet made of ethylene-vinyl acetate copolymer (EVA) can be used.
As the rear surface sealing material, for example, a laminated film where an aluminum film is sandwiched by a PET film
can be used.
Small holes for leading front ends of extraction lines to be connected to the respective power collecting electrodes to
the outside are formed on the adhesive layer and the rear surface sealing material in advance.
A terminal box having output lines and terminals to be electrically connected to extraction lines 13 is mounted onto the
rear surface sealing material.
Further, a frame (made of, for example, aluminum) is attached to an outer peripheral portion of the solar battery sealed
by the rear surface sealing material and the adhesive layer.

<Method for Manufacturing the Integrated Thin-Film Solar Battery>

[0033] The integrated thin-film solar battery can be manufactured by a manufacturing method including a pre-division
string forming step of forming a pre-division string where the plurality of thin-film photoelectric conversion elements are
electrically connected in series to each other on the surface of the transparent insulating substrate 1, and a string dividing
step of removing a predetermined portion of the pre-division string using a light beam to form the string separating groove
8 extending in the series-connecting direction so as to form the plurality of strings S.
The method for manufacturing the integrated thin-film solar battery is described below with reference to Figs. 1 to 4.

[Pre-division String Forming Step]

[0034] The pre-division string forming step includes a depositing step of laminating the first electrode layer, the pho-
toelectric conversion layer and the second electrode layer on the surface of the transparent insulating substrate 1 in this
order so as to form a laminated film, and a step of removing the second electrode layer and the photoelectric conversion
layer from the laminated film to form the plurality of element separating grooves 9 extending to the direction (the direction
of the arrow B) perpendicular to the series-connecting direction so as to form the plurality of thin-film photoelectric
conversion elements.
[0035] At the depositing step, a transparent conductive film having a thickness of 600 to 1000 nm is formed on an
entire one surface of the transparent insulating substrate 1 by a CVD, sputtering or vapor deposition method and is
partially removed by a light beam so that the plurality of parallel electrode separating lines 10 extending to the direction
of the arrow B is formed. As a result, the first electrode layer 2 is formed into a predetermined pattern. At this time, a
fundamental wave of the YAG laser (wavelength: 1064 nm) is emitted to the transparent insulating substrate 1 so that
the transparent conductive film is divided into a strip shape of a predetermined width. As a result, the plurality of electrode
separating lines 10 are formed at predetermined intervals.
[0036] Thereafter, the obtained substrate is ultrasonically cleaned by pure water, and a photoelectric conversion film
is formed on the first electrode layer 2 so that the electrode separating lines 10 are completely filled up by p-CVD. For
example, an a-Si:H p-layer, an a-Si:H i-layer (film thickness is about 150 nm to 300 nm) and an a-Si:H n-layer are
laminated on the first electrode 2 in this order so that an upper semiconductor layer is formed. A Pc-Si:H p-layer, a Pc-
Si:H i-layer (film thickness is about 1.5 Pm to 3 Pm) and a Pc-Si:H n-layer are laminated on the upper semiconductor
layer in this order so that a lower semiconductor layer is formed.
Thereafter, the photoelectric conversion film having a tandem structure is partially removed by the light beam and a
contact line for forming the conductive section 4a is formed so that the photoelectric conversion layer 3 having a prede-
termined pattern is formed. At this time, a second harmonic of a YAG laser (wavelength: 532 nm) is emitted to the
transparent insulating substrate 1, so that the photoelectric conversion film is separated into a strip shape with a prede-
termined width. A second harmonic of a YVO4 laser (wavelength: 532 nm) may be used instead of the second harmonic
of the YAG laser.
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[0037] A conductive film is formed on the photoelectric conversion layer 3 by the CVD, sputtering or vapor deposition
method so as to completely embed the contact lines, and the conductive film and the photoelectric conversion layer 3
are partially removed by a light beam so that the element separating groove 9 is formed and thus the second electrode
layer 4 having a predetermined pattern is formed. As a result, the pre-division string where the plurality of cells 5 are
electrically connected in series by the conductive sections 4a is formed on the transparent insulating substrate 1.
At this time, since the pre-division strings is not yet divided plurally, one cell extends long in the direction of the arrow B.
[0038] At this step, the conductive film has a two-layered structure including the transparent conductive film (ZnO,
ITO, SnO2 or the like) and the metal film (Ag, Al or the like). A film thickness of the transparent conductive film can be
10 to 100 nm, and a film thickness of the metal film can be 100 to 500 nm.
Further, in patterning of the second electrode layer 4, in order to avoid damage to the first electrode layer 2 due to a
light beam, a second harmonic of an YAG laser or a second harmonic of the YVO4 laser that has high permeability with
respect to the first conductive layer 2 is emitted to the transparent insulating substrate 1 so that the conductive film is
separated into a strip pattern with a predetermined width so that the element separating grooves 9 are formed. At this
time, processing conditions are preferably selected so that the damage to the first electrode layer 2 is suppressed to
minimum and generation of a burr on a processed silver electrode of the second electrode layer 4 is suppressed.

[String Dividing Step]

[0039] At the string dividing step, the pre-division string is partially removed by a light beam so that the string separating
grooves 8 are formed only on some parts of any thin-film photoelectric conversion elements extending in the direction
B perpendicular to the series-connecting direction A.
Concretely, in the embodiment 1, the pre-division string is partially removed by the laser beam so that the string separating
grooves 8 are formed only on some parts of the upper-stream side cell 5a (parallel-connection element on upper-stream
side) 5a and the lower-stream side cell (parallel-connection element on lower-stream side) 5b. The plurality of parallel-
connected strings S are formed with the cells 5a and 5b. At this time, the string separating groove 8 includes the first
groove 8a formed by removing the first electrode layer 2 and the second groove 8b formed by removing the photoelectric
conversion layer 3 and the second electrode layer 4 with a width wider than that of the first groove 8a.
[0040] This string dividing step includes a first stage of emitting a first groove forming light beam for enabling the first
electrode layer 2, the photoelectric conversion layer 3 and the second electrode 4 to be removed to the transparent
insulating substrate 1 while transferring the first groove forming light beam to the series-connecting direction A so as to
form the first groove 8a, and a second stage of emitting a second groove forming light beam for enabling the photoelectric
conversion layer 3 and the second electrode layer 4 to be removed to the transparent insulating substrate 1 while
transferring the second groove forming light beam to the series-connecting direction A so as to form the second groove 8b.
In another manner, the string dividing step includes a first stage of emitting a second groove forming light beam for
enabling the photoelectric conversion layer 3 and the second electrode layer 4 to be removed to the transparent insulating
substrate 1 while transferring the second groove forming light beam to the series-connecting direction A so as to form
the second groove 8b, and a second stage of emitting a first groove forming light beam for enabling the first electrode
layer 2 to be removed to the transparent insulating substrate 1 while transferring the first groove forming light beam to
the series-connecting direction A so as to form the first groove 8a.
That is to say, any one of the first groove 8a and the second groove 8b may be formed first. In this case, a fundamental
wave of the YAG laser can be used as the first groove forming light beam, and its beam diameter can be set to about
10 to 1000 Pm. Further, a second harmonic of the YAG laser or a second harmonic of the YVO4 laser having high
permeability with respect to the first conductive layer 2 can be used as the second groove forming light beam, and its
beam diameter can be set to about 10 to 1000 Pm.

<Formation of the First Groove>

[0041] When the first groove 8a is formed, as shown in Fig. 3, the transfer of the light beam for forming the first groove
is controlled so that the end portion 8a1 of the first groove 8a to be formed on the upper-stream side of the current
direction E is arranged on the upper-stream side with respect to the first electrode layer 2 of the cell 5 adjacent to the
lower-stream side of the cell 5a on the upper-stream side. Further, the transfer of the light beam for forming the first
groove is controlled so that the end portion 8a2 on the lower stream side of the first groove 8a is arranged in a range
across the region of the cell 5 adjacent to the upper-stream side of the cell 5b on the lower-stream side to the position
Pa2 tap into the cell 5b by a predetermined dimension.
In the embodiment 1, the end portion 8a1 of the first groove 8a is arranged in the region of the element separating groove
9, and the end portion 8a2 of the first groove 8a is arranged on the upper-stream side slightly with respect to the element
separating groove 9.
At this time, a transfer direction of the light beam for forming the first groove may be a direction from the upper-stream
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side to the lower-stream side or a direction from the lower-stream side to the upper-stream side. That is to say, when
the first groove 8a is formed so that the end portion 8a1 on the upper-stream side and the end portion 8a2 on the lower-
stream side of the first groove 8a are arranged in the above ranges, any one of the ON state and the OFF state of the
light beam for forming the first groove can be selected for the upper-stream side or the lower stream side of the end
portion of the first groove 8a.
[0042] For example, the beam emitting unit starts (ON) to emit the light beam for forming the first groove in the range
La on the side of the cell 5a and is transferred to the cell 5b along the series-connecting direction A by a transfer
mechanism while emitting the light beam. When the light beam is transferred to the position on the upper-stream side
with respect to the position Pa2 near the element separating groove 9 on the side of the cell 5b, the transfer mechanism
is stopped. Soon after that or simultaneously with that, the emission of the light beam is stopped (OFF).
As a result, the first groove 8a is formed on the pre-division string. Such a formation of the first groove 8a is carried out
in the direction of the arrow B with the predetermined intervals at the same number of times as the number of the string
separating grooves 8 to be formed.
[0043] At this time, when the accuracy of the position control for the light beam using the transfer mechanism includes
a certain level of an error, a start position and a stop position of the transfer of the light beam in the direction A are
controlled so that the end portions 8a1 and 8a2 of the first groove 8a are formed in the above ranges in view of this error.
The transfer mechanism is not particularly limited, and a transfer mechanism that reciprocates a movable section of a
linear guide for supporting the beam emitting unit movably in a horizontal direction using a driving source such as a ball
screw, a belt pulley or a cylinder can be used.
The above-mentioned operation for forming the first groove 8a may be reversed. However, since the position of the end
portion 8a1 of the first groove 8a on the upper stream side is more important than the position of the end portion 8a2 on
the lower-stream side, it is preferable that the beam emitting unit is located on the position where the upper-stream side
end portion 8a1 is formed and then the emission of the light beam for forming the first groove is started (ON) to be
transferred to the lower-stream side.
Further, at the time of forming the first groove 8a, instead of transferring the light beam, the position of the light beam
may be fixed and the substrate may be transferred and stopped. In another manner, both the light beam and the substrate
may be transferred and stopped.

<Formation of the Second Groove>

[0044] When the second groove 8b is formed, as shown in Fig. 3, the transfer of the light beam for forming the second
groove is controlled so that the end portion 8b1 of the second groove 8b to be formed on the upper-stream side of the
current direction E is arranged in a range between the region of the cell 5 adjacent to the lower-stream side of the cell
5a on the upper-stream side and the position Pb1 tap into the cell 5a by a predetermined dimension. Further, the transfer
of the light beam for forming the second groove is controlled so that the end portion 8b2 of the second groove 8b on the
lower-stream side is arranged on the lower-stream side with respect to the second electrode layer 4 of the cell 5 adjacent
to the upper-stream side of the cll 5b on the lower-stream side.
In the embodiment 1, the end portion 8b1 of the second groove 8b is arranged in the region of the element separating
groove 9, and the end portion 8b2 of the second groove 8b is arranged on the position near the element separating
groove 9 of the cel 5b.
At this time, the transfer direction of the light beam for forming the second groove may be any one of the direction from
the upper-stream side to the lower-stream side and the direction from the lower-stream side to the upper-stream side.
That is to say, when the second groove 8b is formed so that the end portion 8b1 on the upper-stream side and the end
portion 8b2 on the lower-stream side of the second groove 8b are arranged in the above ranges, any one of the ON
state and the OFF state of the light beam for forming the second groove can be selected for the upper-stream side or
the lower-stream side of the end portions of the second groove 8b.
[0045] For example, the beam emitting unit starts (ON) to emit the light beam for forming the second groove to the
range Lb on the side of the cell 5b and is transferred to the cell 5a along the series-connecting direction A by the transfer
mechanism while emitting the light beam. When the light beam transfers to the position near the element separating
groove 9 on the side of the cell 5a (the lower-stream side with respect to the position Pa1), the transfer mechanism is
stopped. Soon after that or simultaneously with that, the emission of the light beam is stopped (OFF). As a result, the
second groove 8b is formed on the pre-division string.
When a diameter of the light beam for forming the second groove is smaller than the width of the second groove 8b to
be formed, the beam emitting unit is transferred to the series-connecting direction A at a plurality of times so that the
second groove 8b with a desired width is formed.
Further, such a formation of the first groove 8b is carried out in the direction of the arrow B with the predetermined
intervals at the same number of times as the number of the string separating grooves 8 to be formed.
[0046] At this time, the transfer mechanism that transfers the light beam for forming the second groove can be similar
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to the transfer mechanism that transfers the light beam for forming the first groove, or the one transfer mechanism may
be shared.
Therefore, when the accuracy of the position control for the light beam using the transfer mechanism includes a certain
level of an error, a start position and a stop position of the transfer of the light beam in the direction A are controlled so
that the end portions 8b1 and 8b2 of the first groove 8b are formed in the above ranges in view of this error.
The above-mentioned operation for forming the second groove 8b may be reversed. However, since the position of the
end portion 8b2 of the second groove 8b on the lower stream side is more important than the position of the end portion
8b1 on the upper-stream side, it is preferable that the beam emitting unit is located on the position where the lower-
stream side end portion 8b2 is formed and then the emission of the light beam for forming the second groove is started
(ON) to be transferred to the lower-stream side.
Further, at the time of forming the second groove 8b, instead of transferring the light beam, the position of the light beam
may be fixed and the substrate may be transferred and stopped. In another manner, both the light beam and the substrate
may be transferred and stopped.
[0047] Conventionally, since the positions of both the ends of the string separating groove are controlled only by the
control of the ON/OfF state of the light beam emission, a position of the string to which the light beam is emitted should
be accurately understood, and thus the position of the light beam or the beam emitting unit should be detected accurately.
On the contrary, in the present invention, the positions of the both ends of the string separating groove 8 (the first groove
8a and the second groove 8b) are controlled not by the control of the ON/OfF state of the beam emission. As described
above, the transfer of the light beam to the series-connecting direction A is controlled in view of the position accuracy
error of the transfer mechanism, so that the positions of the both ends of the string separating groove are controlled.
Since the emission start position and stop position of the light beam may be within the above ranges, the position of the
light beam or the beam emitting unit does not have to be accurately detected. Furthermore, since the transfer mechanism
does not have to be particularly accurately structured so that the beam emitting unit is abruptly stopped, the transfer
mechanism with a simple structure can be manufactured at low cost.

[Other Steps]

[0048] After or before this string dividing step, the portions of the thin-film photoelectric conversion elements formed
on the outer periphery on the surface of the transparent insulating substrate 1 (the first electrode layer 2, the photoelectric
conversion layer 3 and the second electrode layer 4) are removed by the predetermined width across the outer peripheral
end surface of the transparent insulating substrate 1 and the inner side using the fundamental wave of the YAG laser,
for example, so that the nonconductive surface region 12 is formed on the entire periphery. As a result, plural lines of
strings S surrounded by the nonconductive surface region 12 are formed.
[0049] The brazing filler metal (for example, silver paste) is applied onto the second electrode layer 4 of the cells 5a
and 5b on both the ends of the series-connecting direction A, and the first and second power collecting electrodes 6
and 7 are press-bonded so as to be electrically connected. As a result, an electric current extraction section is formed.

(Embodiment 2)

[0050] Fig. 4(a) is a partial cross-sectional view illustrating a vicinity of the string dividing groove of the integrated tin-
film solar battery according to the embodiment 2, and Fig. 4(b) is a partial plan view illustrating the vicinity of the string
separating groove of the integrated thin-film solar battery according to the embodiment 2.
Differences of the embodiment 2 with the embodiment 1 include a point such that the lower-stream side end portion 8a2
of the first groove 8a of the string separating groove 8 is arranged in the region of the element separating groove 9
adjacent to the lower-stream side cell 5b, a point such that the upper-stream side end portion 8b1 of the first groove 8b
is arranged in the region of the upper-stream side cell 5a, and a point such that the entire first groove 8a is arranged in
the inner region of the second groove 8b.
The other parts of the constitution in the embodiment 2 are similar to those in the embodiment 1.
[0051] As described in the embodiment 1, in the present invention, the first electrode layers 2 of the plurality of cells
5 adjacent to the upper-stream side cell 5a may be completely separated by the first groove 8a, and the second electrode
layer 4 and the photoelectric conversion layer 3 (particularly the second electrode layer 4) of the plurality of cells 5
adjacent to the lower-stream side cell 5b may be completely separated by the second groove 8b at least. For this reason,
the both ends of the first groove 8a and the second groove 8b may be arranged as shown in Figs. 4(a) and (b).
Also in this case, similarly to the embodiment 1, the string separating grooves 8 can be formed by controlling the transfer
of the light beam by means of the simple transfer mechanism without accurately controlling ON/OFF state of the light
beam for forming the string separating grooves 8.
Further, since the entire first groove 8a is arranged in the inner range of the second groove 8b, even when the first
electrode layer 2 and the second electrode layer 4 are shorted by a conductive material that flies at the time of forming
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the both ends of the first groove 8a, the second groove 8b is formed later so that the shorted portion is removed.
On the contrary, even when the second groove 8b is first formed, the first groove 8a is formed in the range of the second
groove 8b. For this reason, the conductive material that flies at the time of forming the first groove makes the short circuit
between the first electrode layer 2 and the second electrode layer 4 difficult.

(Embodiment 3)

[0052] Fig. 5(a) is a partial cross-sectional view illustrating the vicinity of the string dividing groove of the integrated
thin-film solar battery in the series-connecting direction according to an embodiment 3, and Fig. 5(b) is a partial plan
view illustrating the vicinity of the string separating groove of the integrated thin-film solar battery according to the
embodiment 3.
Differences of the embodiment 3 with the embodiment 1 include a point such that the upper-stream side end portion
8a1 of the first grove 8a of the string separating groove 8 is arranged in the region of the upper-stream side cell 5a, a
point such that the lower-stream side end portion 8a2 of the first grove 8a is arranged in the region of the lower-stream
side cell 5b, and a point such that the entire first groove 8a is arranged in the inner region of the second groove 8b.
The other parts of the constitution in the embodiment 3 are similar to those of the embodiment 1.
[0053] Also with this constitution, the first electrode layer 2 of the plurality of cells 5 adjacent to the upper-stream side
cell 5a can be completely separated by the first groove 8a, and the second electrode layer 4 and the photoelectric
conversion layer 3 (particularly, the second electrode layer 4) of the plurality of cells 5 adjacent to the lower-stream side
cell 5b can be completely separated by the second groove 8b.
According to the embodiment 3, similarly to the embodiment 1, the simple transfer mechanism controls the transfer of
the light beam so that the string separating groove 8 can be formed without accurately controlling the ON/OFF state of
the light beam for forming the string separating groove 8. Further, similarly to the embodiment 2, the short circuit at the
end portions of the first groove 8a and the second groove 8b can be prevented.

(Embodiment 4)

[0054] Fig. 6 is a plan view illustrating the integrated thin-film solar battery according to an embodiment 4 of the present
invention. Components in Fig. 6 that are similar to the components in Figs. 1 to 3 are denoted by the same symbols.
In the solar battery according to the embodiment 4, the plurality of strings S are arranged on the one transparent insulating
substrate 1 in the direction B perpendicular to the series-connecting direction A across the one or more string separating
grooves extending to the series-connecting direction, and at least one string separating groove completely separates
the plurality of strings S into groups. Further, the respective groups of the separated strings S are connected in parallel
by the first power collecting electrode 16 and the second power collecting electrode 17, and the groups of the plurality
of strings S connected in parallel are connected in series.
[0055] More specifically, in a case of the embodiment 4, the six strings S are formed on the one insulating substrate
1. One string separating groove 18A completely separates the first group including the adjacent three strings S and the
second group including the other adjacent three strings S.
Further, a string separating groove 18B in each group does not completely separate the adjacent two strings S, and the
cells 5a and 5b on the both sides of the series-connecting direction A in the three strings S in each group are integrated
with each other. The first and second power collecting electrodes 6 and 7 are individually jointed onto the integrated
cells 5a and 5b, respectively.
Therefore, the three strings S in each group are electrically connected in parallel, but the first group and the second
group are not electrically connected in parallel.
[0056] In the solar battery having such a constitution, the first power collecting electrode 6 in the first group and the
second power collecting electrode 7 in the second group are electrically connected in series by the extraction line 13a
directly or via a connection to a connecting line provided to the terminal box. The residual first and second power collecting
electrodes 6 and 7 are electrically connected to the output line of the terminal box via the extraction line 13.
According to the embodiment 4, electric currents generated in the first group and the second group flow to the current
direction E, and the first group and the second group are connected in series. For this reason, the embodiment 4 is
effective for a constitution where one solar battery can output a high-voltage current.
In the embodiment 4, the other parts of the constitution and the effects are similar to those in the embodiment 1.

(Embodiment 5)

[0057] Fig. 7 is a plan view illustrating the integrated thin-film solar battery according to the embodiment 5 of the
present invention. Fig. 8(a) is a partial cross sectional view illustrating the vicinity of the string dividing groove of the
integrated thin-film solar battery in the series-connecting direction according to the embodiment 5, and Fig. 8(b) is a
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partial plan view illustrating the vicinity of the string separating groove of the integrated thin-film solar battery according
to the embodiment 5. Components in Figs. 7 and 8 that are similar to the components in Figs. 1 to 3 are denoted by the
same symbols.
Differences of the embodiment 5 with the embodiment 1 include the following two points.
The first point is that an intermediate power collecting electrode 14 is formed on the second electrode layer 4 of one or
more cells 5c between the cells 5a and 5b on the both ends having the first power collecting electrode 6 and the second
power collecting electrode 7.
The second point is that the cell 5c having the intermediate power collecting electrode 14 is an intermediate parallel-
connection element whose one part is removed by a string separating groove 18 and whose residual parts are connected.
In the embodiment 5, the other parts of the constitution are similar to those in the embodiment 1.
[0058] In concretely description, in this solar battery, the plurality of strings S are arranged in parallel on the one
transparent insulating substrate 1 across the string separating groove 18. The first and the second power collecting
electrodes 6 and 7 are jointed onto the cells 5a and 5b of each string S on the upper-stream side and the lower-stream
side in the current direction E, respectively, and the respective strings S are electrically connected in parallel.
Further, the cell 5c in a substantially middle position of the series-connecting direction A in each string S (hereinafter,
the intermediate cell 5c) is not divided by each string separating groove 18 but extends to the direction of the arrow B.
The one intermediate power collecting electrode 14 is jointed onto the intermediate cell 5c via a brazing filler metal.
Each string separating groove 18 includes a first groove 18a and a second groove 18b whose width is wider than that
of the first groove 18a similarly to the embodiment 1.
[0059] In Fig. 8(b), Pa1 represents a position where an upper-stream side end portion 18a1 of the first groove 18a is
allowed to be formed on the upper-stream side cell 5a, and Pb1 represents a position where an upper-stream side end
portion 18b1 of the second groove 18b is allowed to be formed on the upper-stream side cell 5a. Pa2 represents a
position where a lower-stream side end portion 18a2 of the first groove 18a is allowed to be formed on the intermediate
cell 5c, and Pb2 represents a position where a lower-stream side end portion 18b2 of the second groove 18b is allowed
to be formed on the intermediate cell 5c. Pa3 represents a position where an upper-stream side end portion 18a3 of the
first groove 18a is allowed to be formed on the intermediate cell 5c, and Pb3 represents a position where an upper-
stream side end portion 18b3 of the second groove 18b is allowed to be formed on the intermediate cell 5c. Pa4 represents
a position where a lower-stream side end portion 18a4 of the first groove 18a is allowed to be formed on the lower-
stream side cell 5b, and Pb4 represents a position where a lower-stream side end portion 18b4 of the second groove
18b is allowed to be formed on the lower-stream side cell 5b.
[0060] In a case of the embodiment 5, since the positions where the end portions of the string separating grooves 18
with respect to the upper-stream side cell 5a and the lower-stream side cell 5b are formed are similar to those in the
embodiment 1, description thereof is omitted.
The positions where the end portions of the string separating grooves 18 with respect to the intermediate cell 5c are
formed are determined according to the upper-stream side cell 5a and the lower-stream side cell 5b in the embodiment 1.
In the string separating groove 18 on the upper-stream side with respect to the intermediate cell 5c, the lower-stream
side end portion 18a2 of the first groove 18a is formed in a range between the region of the cell 5 adjacent to the upper-
stream side of the intermediate cell 5c and the position Pa2 in the intermediate cell 5c.
Further, in the string separating groove 18 on the upper-stream side with respect to the intermediate cell 5c, the lower-
stream side end portion 18b2 of the second groove 18b is formed in the range Lb2 up to the position Pa2 in the intermediate
cell 5c on the lower-stream side with respect to the second electrode layer 4 of the cell 5 adjacent to the upper-stream
side of the intermediate cell 5c.
Such positions where the lower-stream side end portions 18a2 and 18b2 of the first groove 18a and the second groove
18b with respect to the intermediate cell 5c are formed are similar to the positions where the lower-stream side end
portions 8a2 and 8a2 of the first groove 8a and the second groove 8b with respect to the lower-stream side cell 5b in the
embodiment 1 are formed (see Fig. 3(a)).
[0061] In the string separating groove 18 on the lower-stream side with respect to the intermediate cell 5c, the upper-
stream side end portion 18a3 of the first groove 18a is formed in a range La3 up to the position Pa3 on the intermediate
cell 5c on the upper-stream side with respect to the first electrode layer 2 of the cell 5 adjacent to the lower-stream side
of the intermediate cell 5c.
Further, in the string separating groove 18 on the lower-stream side with respect to the intermediate cell 5c, the upper-
stream side end portion 18b3 of the second groove 18b is formed in a region of the cell 5 adjacent to the lower-stream
side of the intermediate cell 5c (substantially, the range between the position of the upper-stream side end portion 18a3
of the first groove 18a and the position Pb3 on the intermediate cell 5c).
Such positions where the upper-stream side end portions 18a3 and 18b3 of the first groove 18a and the second groove
18b with respect to the intermediate cell 5c are formed are similar to the positions where the upper-stream side end
portions 8a1 and 8b1 of the first groove 8a and the second groove 8b with respect to the upper-stream side cell 5a in
the embodiment 1 are formed (see Fig. 3(a)).
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[0062] Therefore, the string separating groove 18 on the upper-stream side of the two string separating grooves 18
arranged in the series-connecting direction A completely separates the first groove layer 2 of the plurality of cells 5
adjacent to the upper-stream-side cell 5a in the first groove 18, and completely separates the second electrode layer 4
and the photoelectric conversion layer 3 of the plurality of cells 5 adjacent to the intermediate cell 5c in the second groove
8b.
Further, the string separating groove 18 on the lower-stream side completely separates the first electrode layer 2 of the
plurality of cells 5 adjacent to the intermediate cell 5c in the first groove 18a, and completely separates the second
electrode layer 4 and the photoelectric conversion layer 3 of the plurality of cells 5 adjacent to the lower-stream side cell
5b in the second groove 8b.
As a result, similarly to the embodiment 1, the simple transfer mechanism controls the transfer of the light beam so that
the string separating grooves 18 can be formed without the accurate ON/OFF control of the light beam for forming the
string separating grooves 18.
[0063] According to the embodiment 5, the two string separating grooves 18 are formed in the direction A according
to the embodiment 1, and the similar step is executed in the direction B at plural times at predetermined intervals. As a
result, as shown in Fig. 7, the solar battery where the plurality of strings S are connected in parallel can be manufactured
by the first power collecting electrode 6, the intermediate power collecting electrode 14 and the second power collecting
electrode 7.
Thereafter, a plurality of bypass diodes D provided into the terminal box T are electrically connected in parallel to the
plurality of strings S connected in parallel via the extraction line 13, and are electrically connected in series to each other.
Such a connection can provide the integrated thin-film solar battery that while hot-spot resistance is being maintained,
outputs a high voltage.
In the embodiment 5, the parts other than the above constitution and the above manufacturing method are similar to
those in the embodiment 1.

(Embodiment 6)

[0064] Fig. 9(a) is a partial cross-sectional view illustrating the vicinity of the string dividing groove of the integrated
thin-film solar battery according to an embodiment 6, and Fig. 9(b) is a partial plan view illustrating the vicinity of the
string separating groove of the integrated thin-film solar battery according to the embodiment 6.
Differences of the embodiment 6 with the embodiment 5 include the following three points.
The first point is that the lower-stream side end portions 18a2 and 18a4 of the first groove 18a of the two string separating
grooves 18 in the direction of the arrow A are arranged in the regions of the intermediate cell 5c and the lower-stream
side cell 5b.
The second point is that the upper-stream side end portions 18b1 and 18b3 of the second groove 18b of the respective
string separating grooves 18 are arranged in the regions of the upper-stream side cell 5a and the intermediate cell 5c.
The third point is that the entire first groove 18a of each respective string separating groove 18 is arranged in the inner
region of the second groove 18b.
The other parts of the constitution in the embodiment 6 are similar to those in the embodiment 5.
[0065] As a result, similar to the embodiment 1, the simple transfer mechanism controls the transfer of the light beam
so that the string separating grooves 8 can be formed without the accurate ON/OFF control of the light beam for forming
the string separating grooves 8. Further, since the entire first groove 18a is arranged in the inner region of the second
groove 18b, the conductive material that flies at the time of forming the both ends of the first groove 8a can prevent the
short circuit between the first electrode layer 2 and the second electrode layer 4.

(Another Embodiment)

[0066] The number of the strings, the attachment positions and the number of the power collecting electrodes are not
limited to the above embodiments. For example, the intermediate power collecting electrode is left, and the first and
second power collecting electrodes on the both ends in the series-connecting direction may be connected to the first
electrode layer (p-side electrode, n-side electrode).
Further, the intermediate power collecting electrode may be provided to a plurality of places in the series-connecting
direction of the string.
Further, all the power collecting electrodes may be omitted.
Further, a number of string forming regions on one transparent insulating substrate is four, and a group of the strings is
formed on each section, and a plurality of groups may be connected into a desired form.
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DESCRIPTION OF REFERENCE SYMBOLS

[0067]

1: transparent insulating substrate
2, 2b: transparent first electrode layer
2a: extending section
3: photoelectric conversion layer
4: second electrode layer
4a: conductive section
5, 5a, 5b, 5c: thin-film photoelectric conversion element (cell)
6: first power collecting electrode
7: second power collecting electrode
8, 18: string separating groove
8a, 18a: first groove
8a1, 8a2, 18a1, 18a2, 18a3 and 18a4: end portion of first groove
8b, 18b: second groove
8b1, 8b2, 18b1, 18b2, 18b3 and 18b4: end portion of second groove
9: element separating groove
10: electrode separating line
14: intermediate power collecting electrode
A: series-connecting direction
B: direction perpendicular to the series-connecting direction
E: current direction
D: bypass diode
La, La1, La3: range
Lb, Lb2, Lb4: range
S: string

Claims

1. An integrated thin-film solar battery, comprising:

a plurality of strings having a plurality of thin-film photoelectric conversion elements formed on a transparent
insulating substrate, the thin-film photoelectric conversion elements being electrically connected in series to
each other, wherein
the thin-film photoelectric conversion elements have a first transparent electrode layer laminated on the trans-
parent insulating substrate, a photoelectric conversion layer laminated on the first electrode layer and a second
electrode layer laminated on the photoelectric conversion layer,
the plurality of strings are arranged in parallel on the same transparent insulating substrate in a direction per-
pendicular to the series-connecting direction across one or more string separating grooves extending to the
series-connecting direction,
the string separating groove includes a first groove formed by removing the first electrode layer, and a second
groove formed by removing the photoelectric conversion layer and the second electrode layer with a width wider
than that of the first groove,
the thin-film photoelectric conversion elements on any position in the series-connecting direction are parallel-
connection elements some of which are removed by the string separating groove and residual ones of which
are connected integrally so as to extend to the direction perpendicular to the series-connecting direction, and
the parallel-connection elements electrically connect the plurality of strings in parallel.

2. The integrated thin-film solar battery according to claim 1, wherein
the string has an element separating groove that is formed by removing the second electrode layer and the photo-
electric conversion layer between the two thin-film photoelectric conversion elements adjacent in the series-con-
necting direction,
the first electrode layer of one thin-film photoelectric conversion element has an extending section whose one end
crosses the element separating groove and extends to a region of adjacent another thin-film photoelectric conversion
element in the series-connecting direction, and is electrically insulated from the first electrode layer of adjacent
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another thin-film photoelectric conversion element in the series-connecting direction by an electrode separating line,
one end of the second electrode layer of one thin-film photoelectric conversion element is electrically connected to
the extending section of the first electrode layer of another thin-film photoelectric conversion element adjacent in
the series-connecting direction via the conductive section passing through the photoelectric conversion layer,
an end portion of the first groove on an upper-stream side of a direction of an electric current flowing in the strings
is arranged on an upper-stream side with respect to the first electrode layer of the thin-film photoelectric conversion
element adjacent to the lower-stream side of the parallel-connection element on upper-stream side adjacent to this
end portion, and
an end portion of the second groove on a lower-stream side of the current direction is arranged on a lower-stream
side with respect to the second electrode layer of the thin-film photoelectric conversion element adjacent to the
upper-stream side of the parallel-connection element on lower-stream side adjacent to this end portion.

3. The integrated thin-film solar battery according to claim 2, wherein
an end portion of the second groove on an upper-stream side of the current direction is arranged in a range between
a region of the thin-film photoelectric conversion element adjacent to the lower-stream side of the parallel-connection
element on upper-stream side adjacent to this end portion and a position tap into the parallel-connection element
on upper-stream side by a predetermined dimension, and
an end portion of the first groove on a lower-stream side of the current direction is arranged in a range between a
region of the thin-film photoelectric conversion element adjacent to the upper-stream side of the parallel-connection
element on lower-stream side adjacent to this end portion and a position tap into the parallel-connection element
on lower-stream side by a predetermined dimension.

4. The integrated thin-film solar battery according to claim 3, wherein
the end portion of the second groove on the upper-stream side of the current direction is arranged in a region of the
element separating groove adjacent to the lower-stream side of the parallel-connection element on upper-stream
side adjacent to this end portion or a region of the parallel-connection element on upper-stream side, and
the end portion of the first groove on the lower-stream side of the current direction is arranged in a region of the
element separating groove adjacent to the upper-stream side of the parallel-connection element on lower-stream
side adjacent to this end portion or a region of the parallel-connection element on lower-stream side.

5. The integrated thin-film solar battery according to claim 4, wherein the entire first groove is arranged in an inner
region of the second groove.

6. The integrated thin-film solar battery according to claim 1, wherein a power collecting electrode is further electrically
jointed onto the second electrode layer of the parallel-connection element.

7. The integrated thin-film solar battery according to claim 6, wherein the power collecting electrode includes a first
power collecting electrode and a second power collecting electrode, and the first power collecting electrode and the
second power collecting electrode are arranged on the second electrode layer of the parallel-connection elements
at the both ends of the series-connecting direction in the strings.

8. The integrated thin-film solar battery according to claim 7, wherein the power collecting electrode further has an
intermediate power collecting electrode, and the intermediate power collecting electrode is arranged on the second
electrode layer of the one or more parallel-connection elements between the parallel-connection elements on the
both ends of the series-connecting direction in the strings.

9. The integrated thin-film solar battery according to claim 1, wherein a width of the first groove is 10 to 1000 Pm, and
a width of the second groove is 20 to 1500 Pm.

10. The integrated thin-film solar battery according to claim 7, wherein
a plurality of groups including the plurality of strings are completely insulated and separated by at least one string
separating groove,
the plurality of strings in each group are electrically connected in parallel by the first power collecting electrode and
the second power collecting electrode, and
the plurality of groups are electrically connected in series.

11. The integrated thin-film solar battery according to claim 8,
wherein the bypass diodes are electrically connected in parallel to the plurality of strings electrically connected in
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parallel, and the plurality of bypass diodes are electrically connected in series.

12. A method for manufacturing an integrated thin-film solar battery, comprising:

a pre-division string forming step of forming a pre-division string on a surface of a transparent insulating substrate,
the pre-division string having a plurality of thin-film photoelectric conversion elements electrically connected to
each other in series; and
a string dividing step of removing a predetermined portion of the pre-division string using a light beam and
forming a string separating groove extending to a series-connecting direction so as to form a plurality of strings,
wherein
the pre-division string forming step includes a depositing step of laminating a first electrode layer, a photoelectric
conversion layer and a second electrode layer on the surface of the transparent insulating substrate in this order
so as to form a laminated film, and a step of removing the second electrode layer and the photoelectric conversion
layer from the laminated film to form a plurality of element separating grooves extending to a direction perpen-
dicular to the series-connecting direction so as to form the plurality of thin-film photoelectric conversion elements,
the string separating groove includes a first groove formed by removing the first electrode layer and a second
groove formed by removing the photoelectric conversion layer and the second electrode layer with a width wider
than that of the first groove, and
at the string dividing step, the pre-division string is partially removed by a light beam so that the string separating
groove is formed only on some of any thin-film photoelectric conversion elements extending to the direction
perpendicular to the series-connecting direction, thereby forming the plurality of strings arranged in parallel in
the direction perpendicular to the series-connecting direction and parallel-connection elements for electrically
connecting the plurality of strings in parallel.

13. The method for manufacturing an integrated thin-film solar battery according to claim 12, wherein
the string dividing step includes a first stage of emitting a first groove forming light beam for enabling the first electrode
layer, the photoelectric conversion layer and the second electrode layer to be removed to the transparent insulating
substrate while transferring the first groove forming light beam to the series-connecting direction so as to form the
first groove, and a second stage of emitting a second groove forming light beam for enabling the photoelectric
conversion layer and the second electrode layer to be removed to the transparent insulating substrate while trans-
ferring the second groove forming light beam to the series-connecting direction so as to form the second groove,
at the first stage, transfer of the first groove forming light beam is controlled so that an end portion of the first groove
to be formed on an upper-stream side of a current direction where an electric current flows in the strings is arranged
on an upper-stream side with respect to the first electrode layer of the thin-film photoelectric conversion element
adjacent to a lower-stream side of the parallel-connection element on upper-stream side adjacent to this end portion,
and
at the second stage, transfer of the second groove forming light beam is controlled so that an end portion of the
second groove to be formed on a lower-stream side of the current direction is arranged on a lower-stream side with
respect to the second electrode of the thin-film photoelectric conversion element adjacent to the upper-stream side
of the parallel-connection element on lower-stream side adjacent to this end portion.

14. The method for manufacturing an integrated thin-film solar battery according to claim 12, wherein
the string dividing step includes a first stage of emitting a second groove forming light beam for enabling the pho-
toelectric conversion layer and the second electrode layer to be removed to the transparent insulating substrate
while transferring the second groove forming light beam to the series-connecting direction so as to form the second
groove, and a second stage of emitting a first groove forming light beam for enabling the first electrode layer to be
removed to the transparent insulating substrate while transferring the first groove forming light beam to the series-
connecting direction so as to form the first groove,
at the first stage, transfer of the second groove forming light beam is controlled so that an end portion of the second
groove to be formed on a lower-stream side of a current direction where an electric current flows in the strings is
arranged on a lower-stream side with respect to the second electrode of the thin-film photoelectric conversion
element adjacent to an upper-stream side of the parallel-connection element on lower-stream side adjacent to this
end portion, and
at the second stage, transfer of the first groove forming light beam is controlled so that an end portion of the first
groove to be formed on an upper-stream side of the current direction is arranged on an upper-stream side with
respect to the first electrode of the thin-film photoelectric conversion element adjacent to the lower-stream side of
the parallel-connection element on upper-stream side adjacent to this end portion.
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15. The method for manufacturing an integrated thin-film solar battery according to claim 13 or 14, wherein
the transfer of the second groove forming light beam is controlled so that the end portion of the second groove to
be formed on the upper-stream side of the current direction is arranged in a range between a region of the thin-film
photoelectric conversion element adjacent to the lower-stream side of the parallel-connection element on upper-
stream side adjacent to this end portion and a position tap into the parallel-connection element on upper-stream-
side by a predetermined dimension, and
the transfer of the first groove forming light beam is controlled so that the end portion of the first groove to be formed
on the lower-stream side of the current direction is arranged in a range between a region of the thin-film photoelectric
conversion element adjacent to the upper-stream side of the parallel-connection element on lower-stream side
adjacent to this end portion and a position tap into the parallel-connection element on lower-stream-side by a
predetermined dimension.

16. The method for manufacturing an integrated thin-film solar battery according to claim 15, wherein
the transfer of the second groove forming light beam is controlled so that the end portion of the second groove to
be formed on the upper-stream side of the current direction reaches a region of the element separating groove
adjacent to the lower-stream side of the parallel-connection element on upper-stream side adjacent to this end
portion or a region of the parallel-connection element on upper-stream-side, and
the transfer of the first groove forming light beam is controlled so that the end portion of the first groove to be formed
on the lower-stream side of the current direction reaches a region of the element separating groove adjacent to the
upper-stream side of the parallel-connection element on lower-stream side adjacent to this end portion or a region
of the parallel-connection element on lower-stream-side.

17. The method for manufacturing an integrated thin-film solar battery according to claim 13 or 14, wherein at the string
dividing step, the transfer of the first groove forming light beam and the second groove forming light beam is controlled
so that the entire first groove is arranged in an inner region of the second groove.

18. The method for manufacturing an integrated thin-film solar battery according to claim 12, wherein a diameter of the
first groove forming light beam is 10 to 1000 Pm, and a diameter of the second groove forming light beam is 10 to
1000 Pm.

19. The method for manufacturing an integrated thin-film solar battery according to claim 12, further comprising a step
of electrically jointing the power collecting electrode onto the second electrode layer of the parallel-connection
element.
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