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[Scope of Patent Claims]
[Claim 1]

A photoelectric conversion element, comprising: a semiconductor substrate;

a first amorphous semiconductor layer formed on one surface of the semiconductor substrate and having a
first conduction type;

a second amorphous semiconductor layer formed on one surface of the semiconductor substrate and formed
adjacent to the first amorphous semiconductor layer in an in-plane direction of the semiconductor substrate and
having a second conduction type opposite to the first conductive type; a texture structure formed on at least a portion
of one surface of the semiconductor substrate; and

a light scattering layer, including at least one amorphous semiconductor layer of the first amorphous
semiconductor layer and the second amorphous semiconductor layer, on the texture structure.

[Claim 2]

The photoelectric conversion element according to claim 1, wherein the light scattering layer is formed on
one surface of the semiconductor substrate in a region different from the region in which the first amorphous
semiconductor layer and the second amorphous semiconductor layer are formed, and is an alignment part for use in
adjusting the position when forming one of the first amorphous semiconductor layer and the second amorphous
semiconductor layer.

[Claim 3]

The photoelectric conversion element according to claim 1, wherein the light scattering layer is formed in a
region in which at least one of the first amorphous semiconductor layer and the second amorphous semiconductor
layer is formed, and is an alignment part for use in adjusting the position when forming one of the first amorphous
semiconductor layer and the second amorphous semiconductor layer.

[Claim 4]

The photoelectric conversion element according to any one of claims 1 to 3, wherein the light scattering layer
further comprises an intrinsic amorphous semiconductor layer between the one semiconductor layer and one surface
of the semiconductor substrate.

[Claim 5]

The photoelectric conversion element according to any one of claims 1 to 4, wherein, when the texture
structure is viewed in a plan view, an average value of a diameter of a circumscribed circle of a convex portion of the
texture structure is less than 15 pm.

[Detailed Description of Invention]
[Technical Field]
[0001]

The present invention relates to a photoelectric conversion element.

[Background Art]
[0002]

Conventionally, a photoelectric conversion device is known in which intrinsic (i-type) amorphous silicon is
interposed between an n-type crystalline silicon substrate and a p-type amorphous silicon layer, thereby reducing
defects at the interface and improving characteristics at the heterojunction interface (see Patent Document 1 below).
[Prior Art Document]

[Patent Document]

[0003]

[Patent Document 1] JP 2010-10620 A
[Summary of Invention]

[Problem to Be Solved by Invention]
[0004]

During the production of a back surface junction-type photoelectric conversion element in which intrinsic
amorphous silicon is formed at an interface between crystalline silicon and a p-type amorphous silicon layer, when
using a shadow mask, such as a metal mask or the like, to separately pattern a n-type semiconductor layer and a p-
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type semiconductor layer on a back surface of a crystalline silicon substrate, the semiconductor layer to be formed
later must be formed at an appropriate position corresponding to the position of the semiconductor layer formed
earlier. However, when the position of the semiconductor layer formed earlier cannot be reliably recognized due to
non-uniform reflected light or the like caused by a dimple in the crystalline silicon substrate, the n-type semiconductor
layer and the p-type semiconductor layer cannot be formed at an appropriate position, the n-type semiconductor layer
and the p-type semiconductor layer overlap, and photoelectric conversion efficiency may decrease.

[0005]

An object of the present invention is to provide a photoelectric conversion element capable of reducing a
decrease in photoelectric conversion efficiency due to overlapping of an n-type semiconductor layer and a p-type
semiconductor layer, as well as a solar cell module and a solar power generation system provided therewith.

[Means for Solving Problem]
[0006]

A photoelectric conversion element according to the present invention includes a semiconductor substrate; a
first amorphous semiconductor layer formed on one surface of the semiconductor substrate and having a first
conduction type; a second amorphous semiconductor layer formed on one surface of the semiconductor substrate and
formed adjacent to the first amorphous semiconductor layer in an in-plane direction of the semiconductor substrate
and having a second conduction type opposite to the first conductive type; a texture structure formed on at least a
portion of one surface of the semiconductor substrate; and a light scattering layer, including at least one amorphous
semiconductor layer of the first amorphous semiconductor layer and the second amorphous semiconductor layer, on
the texture structure.

[Effect of Invention]
[0007]

According to the present invention, it is possible to reduce a decrease in photoelectric conversion efficiency

due to overlapping of an n-type semiconductor layer and a p-type semiconductor layer.

[Brief Description of Drawings]

[0008]

[FIG. 1A] FIG. 1A is a schematic view of a photoelectric conversion element according to embodiment 1 when
viewed from above.

[FIG. 1B] FIG. 1B is a cross-sectional view of the photoelectric conversion element illustrated in FIG. 1A cut along
a line A-A.

[FIG. 2] FIG. 2 is a diagram illustrating a texture structure in which pyramid-shaped unevenness of various sizes and
shapes is formed in plurality.

[FIG. 3] FIG. 3 is an enlarged view of electrodes and a protective film illustrated in FIG. 1.

[FIG. 4] FIG. 4 is a cross-sectional view illustrating a detailed structure of an n-type amorphous semiconductor layer
illustrated in FIG. 1.

[FIG. 5] FIG. 5 is a cross-sectional view illustrating another detailed structure of the n-type amorphous semiconductor
layer illustrated in FIG. 1.

[FIG. 6] FIG. 6 is a first step diagram illustrating a method for manufacturing the photoelectric conversion element
illustrated in FIG. 1.

[FIG. 7] FIG. 7 is a second step diagram illustrating a method for manufacturing the photoelectric conversion element
illustrated in FIG. 1.

[FIG. 8] FIG. 8 is a third step diagram illustrating a method for manufacturing the photoelectric conversion element
illustrated in FIG. 1.

[FIG. 9] FIG. 9 is a fourth step diagram illustrating a method for manufacturing the photoelectric conversion element
illustrated in FIG. 1.

[FIG. 10] FIG. 10 is a fifth step diagram illustrating a method for manufacturing the photoelectric conversion element
illustrated in FIG. 1.

[FIG. 11A] FIG. 11A is a schematic view of a shadow mask used when forming the n-type amorphous semiconductor
layer according to embodiment 1 when viewed from above.

SEG Solar, EX1009, Page 53



4) JP WO0O2016/129481 A1 2016.8.18

[FIG. 11B] FIG. 11B is a schematic view of a shadow mask used when forming a p-type amorphous semiconductor
layer according to embodiment 1 when viewed from above.

[FIG. 11C] FIG. 11C is a schematic view describing the alignment of the shadow mask illustrated in FIG. 11B.
[FIG. 12] FIG. 12(a) to (d) are drawings illustrating comparative examples of optical microscope images of alignment
marks when alignment marks are formed on semiconductor substrates having different back surface states.

[FIG. 13A] FIG. 13A is a plan view of the photoelectric conversion element illustrated in FIG. 1 when viewed from
the back surface side.

[FIG. 13B] FIG. 13B is a plan view of a wiring sheet.

[FIG. 14A] FIG. 14A is a schematic view of the photoelectric conversion element according to embodiment 2 when
viewed from above.

[FIG. 14B] FIG. 14B is a step diagram illustrating a method for manufacturing the photoelectric conversion element
illustrated in FIG. 14A.

[FIG. 14C] FIG. 14C is a schematic view of another example of a semiconductor substrate according to embodiment
2 when viewed from above.

[FIG. 15A] FIG. 15A is a schematic view of a shadow mask used when forming an n-type amorphous semiconductor
layer according to embodiment 3 when viewed from above.

[FIG. 15B] FIG. 15B is a schematic view of a shadow mask used when forming a p-type amorphous semiconductor
layer according to embodiment 3 when viewed from above.

[FIG. 16] FIG. 16 is a schematic view of the semiconductor substrate according to embodiment 3 when viewed from
above.

[FIG. 17] FIG. 17 is a cross-sectional view illustrating a configuration of the photoelectric conversion element
according to embodiment 4.

[FIG. 18] FIG. 18 is a step diagram illustrating a method for manufacturing the photoelectric conversion element
illustrated in FIG. 17.

[FIG. 19] FIG. 19 is a step diagram illustrating a method for manufacturing the photoelectric conversion element
illustrated in FIG. 17.

[FIG. 20] FIG. 20 is a step diagram illustrating a method for manufacturing the photoelectric conversion element
illustrated in FIG. 17.

[FIG. 21] FIG. 21 is a step diagram illustrating a method for manufacturing the photoelectric conversion element
illustrated in FIG. 17.

[FIG. 22] FIG. 22 is a schematic view illustrating a configuration of a photoelectric conversion module provided with
a photoelectric conversion element according to embodiment 5.

[FIG. 23] FIG. 23 is a schematic view illustrating a configuration of a solar power generation system provided with
a photoelectric conversion element according to embodiment 6.

[FIG. 24] FIG. 24 is a schematic view illustrating a configuration of a photoelectric conversion module array
illustrated in FIG. 23.

[FIG. 25] FIG. 25 is a schematic view illustrating a configuration of another solar power generation system provided
with the photoelectric conversion element according to embodiment 6.

[FIG. 26] FIG. 26 is a schematic view illustrating a configuration of a solar power generation system provided with
a photoelectric conversion element according to embodiment 7.

[FIG. 27] FIG. 27 is a schematic view illustrating a configuration of another solar power generation system provided
with the photoelectric conversion element according to embodiment 7.

[Embodiments of Invention]

[0009]

A photoelectric conversion element according one embodiment of the present invention includes a
semiconductor substrate; a first amorphous semiconductor layer formed on one surface of the semiconductor
substrate and having a first conduction type; a second amorphous semiconductor layer formed on one surface of the
semiconductor substrate and formed adjacent to the first amorphous semiconductor layer in an in-plane direction of
the semiconductor substrate and having a second conduction type opposite to the first conductive type; a texture
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structure formed on at least a portion of one surface of the semiconductor substrate; and a light scattering layer,
including at least one amorphous semiconductor layer of the first amorphous semiconductor layer and the second
amorphous semiconductor layer, on the texture structure (first configuration).

[0010]

According to the first configuration, the texture structure is formed on at least a portion of one surface of the
semiconductor substrate; and the light scattering layer, including at least one amorphous semiconductor layer of the
first amorphous semiconductor layer and the second amorphous semiconductor layer, is provided on the texture
structure. Due to the texture structure in the light scattering layer, the reflectance of the light scattering layer becomes
substantially uniform, making it easier to determine the position of the light scattering layer. Therefore, it is possible
to determine the position of at least one of the first amorphous semiconductor layer and the second amorphous
semiconductor layer in the light scattering layer, and the first amorphous semiconductor layer and the second
amorphous semiconductor layer may be formed so that the first amorphous semiconductor layer and the second
amorphous semiconductor layer do not overlap.

[0011]

In a second configuration based on the first configuration, the light scattering layer may be formed on one
surface of the semiconductor substrate in a region different from the region in which the first amorphous
semiconductor layer and the second amorphous semiconductor layer are formed, and may be an alignment part that
is used in adjusting the position when forming one of the first amorphous semiconductor layer and the second
amorphous semiconductor layer.

[0012]

According to the second configuration, the alignment part is formed in a region different from the region in
which the first amorphous semiconductor layer and the second amorphous semiconductor layer are formed, and is
used to adjust the position when forming one of the first amorphous semiconductor layer and the second amorphous
semiconductor layer. Therefore, the first amorphous semiconductor layer and the second amorphous semiconductor
layer may be formed at a more appropriate position so that the position of the alignment part is easy to determine and
the first amorphous semiconductor layer and the second amorphous semiconductor layer do not overlap, compared
to when the alignment part is formed in a region in which the first amorphous semiconductor layer and the second
amorphous semiconductor layer are formed.

[0013]

In a third configuration based on the second configuration, the alignment part may include identification
information that identifies the photoelectric conversion element.
[0014]

According to the third configuration, the photoelectric conversion element may be identified by the
identification information of the alignment part.
[0015]

In a fourth configuration based on the first configuration, the light scattering layer may be formed in a region
in which at least one of the first amorphous semiconductor layer and the second amorphous semiconductor layer is
formed, and may be an alignment part for use in adjusting the position when forming one of the first amorphous
semiconductor layer and the second amorphous semiconductor layer.

[0016]

According to the fourth configuration, the region in which the first amorphous semiconductor layer and the
second amorphous semiconductor layer are formed on one surface of the semiconductor substrate may be made
larger, compared to when the alignment part is formed in a region different from the region in which the first
amorphous semiconductor layer and the second amorphous semiconductor layer are formed.

[0017]

In a fifth configuration based on the first configuration, the light scattering layer may be formed in a region
in which at least one of the first amorphous semiconductor layer and the second amorphous semiconductor layer is
formed, and may be an inspection unit for use in inspecting the position where the first amorphous semiconductor
layer and the second amorphous semiconductor layer are formed.
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[0018]

According to the fifth configuration, due to the texture structure in the inspection unit, it is easier to determine
the position where at least one of the first amorphous semiconductor layer and the second amorphous semiconductor
layer is formed, making it possible to inspect whether the first amorphous semiconductor layer and the second
amorphous semiconductor layer are formed at an appropriate position.

[0019]

In a sixth configuration based on any of the first to fifth configurations, the light scattering layer may further
include an intrinsic amorphous semiconductor layer between the one semiconductor layer and the one surface of the
semiconductor substrate.

[0020]

According to the sixth configuration, when the amorphous semiconductor layer in the light scattering layer is
formed first, a film thickness of the light scattering layer becomes thicker than that of the region in which the
amorphous semiconductor layer is not formed, and thus contrast of the light scattering layer increases. As a result, it
may be easier to determine the position where the light scattering layer is formed, and the amorphous semiconductor
layer formed later may be formed at a more appropriate position.

[0021]

In a seventh configuration based on any of the first to sixth configurations, when the texture structure is
viewed in a plan view, an average value of a diameter of a circumscribed circle of a convex portion of the texture
structure may be less than 15 um.

[0022]

According to the sixth configuration, the amount of reflected light from one surface of the semiconductor
substrate is reduced, making it easier to determine the position of the alignment part.
[0023]

Embodiments of the present invention will be described in detail below with reference to drawings. Note that
the same or corresponding portions in the drawings are denoted by the same reference numerals, and a description
thereof will not be repeated. Furthermore, for ease of understanding, configurations are illustrated in simplified or
schematic form in the drawings referenced below, and some constituent members are omitted. Furthermore, the
dimensional ratios between the constituent members illustrated in each drawing do not necessarily indicate the actual
dimensional ratios.

[0024]

In the present specification, the amorphous semiconductor layer may contain a microcrystalline phase. The
microcrystalline phase includes crystals having an average particle size of 1 to 50 nm.
[0025]

[Embodiment 1]

FIG. 1A is a schematic view of a photoelectric conversion element according to embodiment 1 when viewed
from above. Furthermore, FIG. 1B is a cross-sectional view illustrating a configuration of a photoelectric conversion
element 10, in which the photoelectric conversion element 10 illustrated in FIG. 1A is cut along a line A-A. Referring
to FIG. 1A, in the photoelectric conversion element 10, an n-type amorphous semiconductor layer 4 and a p-type
amorphous semiconductor layer 5 are alternately disposed in an in-plane direction of one surface of a semiconductor
substrate 1.

Furthermore, an alignment mark 4M is formed on one surface of the semiconductor substrate 1 in a region different
from the region in which the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer
5 are formed. A specific configuration of the photoelectric conversion element 10 will be described below.

[0026]

Referring to FIG. 1A and FIG. 1B, the photoelectric conversion element 10 is provided with a semiconductor
substrate 1, an antireflective film 2, a passivation film 3, the n-type amorphous semiconductor layer 4, the p-type
amorphous semiconductor layer 5, electrodes 6 and 7, a protective film 8, and the alignment mark 4M.

[0027]
Sunlight is incident on a surface of the semiconductor substrate 1 on which the antireflective film 2 is formed.
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Hereinafter, the surface on which the antireflective film 2 is formed is referred to as a “light-receiving surface”, and
the surface on which the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5
are formed is referred to as a “back surface”.

[0028]

The semiconductor substrate 1 is composed of, for example, an n-type single crystal silicon substrate. The
semiconductor substrate 1 has a thickness of, for example, 100 to 150 pm. Also, the semiconductor substrate 1 has a
texture structure formed on both surfaces of the substrate as illustrated in FIG. 1. The size of the texture according to
the present embodiment is less than 15 um. Texture size will be described in detail later.

[0029]

The antireflective film 2 is disposed in contact with the light-receiving surface of the semiconductor substrate

1.
[0030]

The passivation film 3 is disposed in contact with the back surface of the semiconductor substrate 1.
[0031]

The n-type amorphous semiconductor layer 4 is disposed in contact with the passivation film 3.
[0032]

The p-type amorphous semiconductor layer 5 contacts the passivation film 3 and is disposed adjacent to the
n-type amorphous semiconductor layer 4 in the in-plane direction of the semiconductor substrate 1. More specifically,
the p-type amorphous semiconductor layer 5 is disposed at a desired interval between the n-type amorphous
semiconductor layer 4 in the in-plane direction of the semiconductor substrate 1.

[0033]

The n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5 are alternately
disposed in the in-plane direction of the semiconductor substrate 1.

[0034]

Although the alignment mark 4M is not illustrated in FIG. 1B, the alignment mark 4M includes the same
semiconductor layer as the n-type amorphous semiconductor layer 4, and the same semiconductor layer as the p-type
amorphous semiconductor layer 5 is deposited on an upper portion of the alignment mark 4M. A specific method for
manufacturing the photoelectric conversion element 10 will be described later, but in the present embodiment, the n-
type amorphous semiconductor layer 4 is formed, and then the p-type amorphous semiconductor layer 5 is formed.
The alignment mark 4M is used to adjust the position of a shadow mask used when forming the p-type amorphous
semiconductor layer 5.

[0035]

In the present embodiment, the alignment mark 4M is one example of a light scattering layer. The light
scattering layer includes a texture structure formed on at least a portion of the back surface of the semiconductor
substrate 1 and the same amorphous semiconductor layer as at least one of the n-type amorphous semiconductor layer
4 and the p-type amorphous semiconductor layer 5. In the present embodiment, the alignment mark 4M functions as
an alignment part used to adjust the position of the shadow mask when forming the p-type amorphous semiconductor
layer 5.

[0036]

The electrode 6 is disposed on the n-type amorphous semiconductor layer 4 and in contact with the n-type
amorphous semiconductor layer 4.

[0037]

The electrode 7 is disposed on the p-type amorphous semiconductor layer 5 and in contact with the p-type
amorphous semiconductor layer 5.

[0038]

The protective film 8 is disposed in contact with the passivation film 3, the n-type amorphous semiconductor
layer 4, the p-type amorphous semiconductor layer 5, and the electrodes 6 and 7. More specifically, the protective
film 8 is disposed in contact with a portion of the n-type amorphous semiconductor layer 4, the p-type amorphous
semiconductor layer 5, and the electrodes 6 and 7 between the adjacent n-type amorphous semiconductor layer 4 and
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p-type amorphous semiconductor layer 5, and is disposed in contact with a portion of the passivation film 3 disposed
between the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5. Also, the
protective film 8 has an opening 8A on the electrodes 6 and 7 and is formed in a region of 5 pum or more from an end
of the electrodes 6 and 7 toward the inside of the electrodes 6 and 7.

[0039]

The antireflective film 2 is composed of, for example, a silicon nitride film and has a film thickness of, for
example, 60 nm. Furthermore, an intrinsic amorphous semiconductor layer or an n-type or p-type conductive
amorphous semiconductor layer may be inserted between the antireflective layer 2 and the light-receiving surface. In
this case, the passivation property of the light-receiving surface may be improved, which is preferable.

[0040]

The passivation film 3 is composed of, for example, any of amorphous silicon, an oxide of amorphous silicon,
a nitride of amorphous silicon, an oxynitride of amorphous silicon, and polycrystalline silicon.

[0041]

When the passivation film 3 is composed of an oxide of amorphous silicon, the passivation film 3 may be
composed of a thermal oxide film of silicon or may be composed of an oxide of silicon formed by a vapor deposition
method, such as a plasma chemical vapor deposition (CVD) method or the like.

[0042]

The passivation film 3 has a film thickness of, for example, 1 to 20 nm, and preferably has a film thickness
of 3 to 8 nm. Also, when the passivation film 3 is composed of a silicon insulating film, the passivation film 3 has a
film thickness that allows carriers (electrons and holes) to tunnel. In embodiment 1, the passivation film 3 is composed
of a thermal oxide film of silicon, and the film thickness of the passivation film 3 is set to 2 nm.

[0043]

The n-type amorphous semiconductor layer 4 is an amorphous semiconductor layer having n-type
conductivity and containing hydrogen. The n-type amorphous semiconductor layer 4 is composed of, for example,
n-type amorphous silicon, n-type amorphous silicon germanium, n-type amorphous germanium, n-type amorphous
silicon carbide, n-type amorphous silicon nitride, n-type amorphous silicon oxide, n-type amorphous silicon
oxynitride, n-type amorphous silicon carbon oxide, or the like. The n-type amorphous semiconductor layer 4 includes
phosphorus (P) as an n-type dopant, for example. Also, the n-type amorphous semiconductor layer 4 has a film
thickness of, for example, 5 to 50 nm.

[0044]

The p-type amorphous semiconductor layer 5 is an amorphous semiconductor layer having p-type
conductivity and containing hydrogen. The p-type amorphous semiconductor layer 5 is composed of, for example,
p-type amorphous silicon, p-type amorphous silicon germanium, p-type amorphous germanium, p-type amorphous
silicon carbide, p-type amorphous silicon nitride, p-type amorphous silicon oxide, p-type amorphous silicon
oxynitride, p-type amorphous silicon carbon oxide, and the like. The p-type amorphous semiconductor layer 5
includes boron (B) as a p-type dopant, for example. Also, the p-type amorphous semiconductor layer 5 has a film
thickness of, for example, 5 to 50 nm.

[0045]
[Definition of texture size]

Here, the texture size will be described. In the present specification, the size of the texture means the size in
a state where a main surface of the semiconductor substrate 1 is viewed in a plan view; that is, in a state when viewed
from vertically above the main surface of the semiconductor substrate 1. A specific example of the texture is a
pyramid-shaped (quadrangular pyramid-shaped or truncated quadrangular pyramid-shaped) uneven structure
obtained by performing anisotropic etching on an n-type single crystal silicon substrate whose main surface is a (100)
surface. As illustrated in FIG. 2, the actual texture has pyramid-shaped unevenness of various sizes and shapes formed
in plurality. This unevenness includes overlapping portions and deformed portions.

[0046]

In the present embodiment, when the texture is viewed in a plan view, an average value of a diameter of a

circumscribed circle of a convex portion of the texture is defined as the size of the texture. Here, the size of the texture
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is calculated by the following method.
[0047]

A region having a size of 100 um % 100 pm is extracted from the main surface of the semiconductor substrate
1, and twenty (rl, 12, ..., r20) diagonal line lengths (diagonal line lengths in a plan view) r of side surfaces of the
pyramid-shaped unevenness included in the extracted region are detected in order from the longest diagonal line
length r. Also, the size of the texture structure is defined as twice an average value rave of the detected twenty diagonal
line lengths r (11, 12, ..., 120). This is equal to — when the texture is viewed in a plan view within a region having a
size of 100 um % 100 um on the main surface of the semiconductor substrate 1, and twenty (R1, R2, ..., R20) diameters
R of the circumscribed circles of pyramid-shaped convex portions are detected in order from the longest — the
average length of the twenty detected diameters R of the circumscribed circles.

[0048]

Note that the size of the texture may be defined based on the length of one side of a bottom surface of the
pyramid-shaped unevenness, or the size of the texture may be defined based on the height of the pyramid-shaped
unevenness. For example, when the shape of the pyramid-shaped unevenness is a quadrangular pyramid having a
square bottom surface, a length a of one side of the bottom surface has a relationship of a =2 x r / \2 to the diagonal
line length r of the side surface when viewed in a plan view. Furthermore, when an angle 6 formed by the bottom
surface and an hypotenuse side surface is defined as an inclination angle of the texture, a height b has a relationship
of b=r x tan 6.

[0049]

Next, the specific structures of the electrodes 6 and 7 and the protective film 8 will be described. FIG. 3 is an
enlarged view of the electrodes 6 and 7 and the protective film 8 illustrated in FIG. 1. FIG. 3(a) is an enlarged view
of the portion where the electrode 6 is formed, and FIG. 3(b) is an enlarged view of the portion where the electrode
7 is formed. Note that in FIG. 3, in order to make the structures of the electrodes 6 and 7 and the protective film §
easier to understand, a structure is illustrated in which the back surface of the semiconductor substrate 1 is flat, and
the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5 are formed on the flat
passivation film 3. In practice, the passivation film 3 is formed on the back surface of the semiconductor substrate 1
on which the texture is formed, and the n-type amorphous semiconductor layer 4 and the p-type amorphous
semiconductor layer 5 are formed on the passivation film 3 having an uneven shape.

[0050]

As illustrated in FIG. 3(a), the electrode 6 is composed of conductive layers 6a and 6b. The conductive layer
6a is disposed in contact with the n-type amorphous semiconductor layer 4. The conductive layer 6b is disposed in
contact with the conductive layer 6a. When a width of the opening 8A of the protective film 8 defined as L and a
distance from the ends of the electrodes 6 and 7 to the opening 8A is defined as H, the conductive layers 6a and 6b
are formed in a range of H + L / 2 on both sides from the center of the n-type amorphous semiconductor layer 4 in
the in-plane direction of the n-type amorphous semiconductor layer 4. The width L is, for example, 20 um or more,
and preferably 100 pum or more. Setting the width L to such a value may ensure adhesion between external wiring
and the electrodes 6 and 7 and may decrease contact resistance. Furthermore, the distance H is defined as, for
example, 5 um or more in consideration of adhesion between the electrodes 6 and 7 and the protective film 8.
[0051]

As illustrated in FIG. 3(b), the electrode 7 is composed of conductive layers 7a and 7b. The conductive layer
7a is disposed in contact with the p-type amorphous semiconductor layer 5. The conductive layer 7b is disposed in
contact with the conductive layer 7a. The conductive layers 7a and 7b are formed in a range of H + L / 2 on both
sides from the center of the p-type amorphous semiconductor layer 5 in the in-plane direction of the p-type amorphous
semiconductor layer 5.

[0052]

As a result, each of the electrodes 6 and 7 has a length of 2H + L in the in-plane direction of the n-type

amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5.
[0053]
As illustrated in FIG. 3(a) and (b), the protective film 8 is composed of, for example, a two-layer structure
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made of protective layers 8a and 8b. When the protective film 8 is formed on the n-type amorphous semiconductor
layer 4, the protective layer 8a is disposed in contact with the passivation film 3, the n-type amorphous semiconductor
layer 4, and the electrode 6. The protective layer 8b is disposed in contact with the protective layer 8a. When the
protective film 8 is formed on the p-type amorphous semiconductor layer 5, the protective layer 8a is disposed in
contact with the passivation film 3, the p-type amorphous semiconductor layer 5, and the electrode 7. The protective
layer 8b is disposed in contact with the protective layer 8a.

[0054]

Also, in the in-plane direction of the n-type amorphous semiconductor layer 4, a region outside the n-type
amorphous semiconductor layer 4 beyond an end of the electrode 6 is referred to as the gap region G1, and in the in-
plane direction of the p-type amorphous semiconductor layer 5, a region outside the p-type amorphous semiconductor
layer 5 beyond an end of the electrode 7 is referred to as a gap region G2. As a result, the gap region G1 is present
on both sides of the n-type amorphous semiconductor layer 4 in the in-plane direction of the n-type amorphous
semiconductor layer 4. Furthermore, the gap region G2 is present on both sides of the p-type amorphous
semiconductor layer 5 in the in-plane direction of the p-type amorphous semiconductor layer 5.

[0055]

As aresult of the protective film 8 being disposed in contact with the passivation film 3, the n-type amorphous
semiconductor layer 4, and the electrode 6 and in contact with the passivation film 3, the p-type amorphous
semiconductor layer 5, and the electrode 7, a gap region G (= G1 + G2) is present in the region of the n-type
amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5 adjacent in the in-plane direction
of the semiconductor substrate 1, and the protective film 8 is formed on the electrodes 6 and 7 and the gap region G
as illustrated in FIG. 1. The gap region G is a region in which the passivation film 3, the n-type amorphous
semiconductor layer 4, and the p-type amorphous semiconductor layer 5 are exposed, and has a width of, for example,
20 pum to 500 pm.

[0056]

When the electrodes 6 and 7 are constituted by, for example, silver (Ag) or aluminum (Al), the reflectance of
the electrodes 6 and 7 is 90% or more. Light in the long wavelength region of about 800 to 1,200 nm reaches the
back surface of the semiconductor substrate 1. When light incident from the light-receiving surface of the
semiconductor substrate 1 enters regions n and p where the electrodes 6 and 7 are provided, the light is reflected by
the electrodes 6 and 7, returned to the semiconductor substrate 1, and absorbed by the semiconductor substrate 1.
However, when light is incident in the gap region G (see FIG. 1) where the electrodes 6 and 7 are not provided, the
light is not reflected by the electrodes 6 and 7, and thus light may be removed at the back surface side of the
semiconductor substrate 1 and the incident light may not be effectively utilized. When the width of the gap region G
is widened, the light not reflected by the electrodes 6 and 7 increases, which is not preferable. For this reason, the
width of the gap region G is preferably 500 pum or less, and more preferably 300 pum or less.

[0057]

Each of the conductive layers 6a and 7a is composed of a transparent conductive film. The transparent
conductive film is composed of, for example, indium tin oxide (ITO), ZnO, indium tungsten oxide (IWO), or the like.
[0058]

Each of the conductive layers 6b and 7b is composed of a metal. The metal is composed of, for example, any
one of silver (Ag), nickel (Ni), aluminum (Al), copper (Cu), tin (Sn), platinum (Pt), gold (Au), chromium (Cr),
tungsten (W), cobalt (Co), and titanium (Ti), an alloy thereof, or a laminated film of two or more layers of these
metals.

[0059]

A transparent conductive film having good adhesion to the n-type amorphous semiconductor layer 4 and the
p-type amorphous semiconductor layer 5 is preferably used for each of the conductive layers 6a and 7a, and a metal
having high conductivity is preferably used for the conductive layers 6b and 7b.

[0060]

The film thickness of each of the conductive layers 6a and 7a is, for example, 3 to 100 nm. The film thickness

of each of the conductive layers 6b and 7b is preferably 50 nm or more, and in embodiment 1 is, for example, 0.8
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pm.
[0061]

Note that in embodiment 1, the electrode 6 may be composed solely of the conductive layer 6b, and the
electrode 7 may be composed solely of the conductive layer 7b. In this case, there are no conductive layers 6a and
7a, and the conductive layers 6b and 7b contact the n-type amorphous semiconductor layer 4 and the p-type
amorphous semiconductor layer 5, respectively.

[0062]

When there are no conductive layers 6a and 7a, the conductive layers 6b and 7b are constituted by a metal
film, and are preferably metals having high adhesion to the n-type amorphous semiconductor layer 4 and the p-type
amorphous semiconductor layer 5, respectively, which are the foundation. For example, the conductive layers 6b and
7b are composed of a laminated structure having an adhesive layer composed of Ti, Ni, Al, Cr, or the like and having
a film thickness of about 1 to 10 nm, and a light-reflecting metal whose main component is Al, Ag, or the like.
[0063]

Furthermore, the conductive layers 6b and 7b contact the protective film 8, and thus adhesion to the protective
film 8 must be considered. When an oxide film of silicon, aluminum, titanium, zirconia, or the like, a nitride film of
silicon and aluminum, an oxynitride film of silicon and aluminum, or the like is used as the protective film 8, the
front surface of the protective film 8 side of the conductive layers 6b and 7b is preferably composed of a metal such
as Al, indium (In), Ti, Ni, Cu, Cr, W, Co, palladium (Pd), Sn, or the like.

[0064]

Moreover, each of the electrodes 6 and 7 may be composed of a monolayer of a transparent conductive film.
In this case, the transparent conductive film is composed of the ITO or the like described above.

[0065]

Each of the protective layers 8a and 8b is composed of an inorganic insulating film. The inorganic insulating
film is composed of an oxide film, a nitride film, an oxynitride film, or the like.
[0066]

The oxide film is composed of an oxide film of silicon, aluminum, titanium, zirconia, hafnium, zinc, tantalum,
yttrium, and the like.

[0067]
The nitride film is composed of a nitride film of silicon, aluminum, or the like.
[0068]

The oxynitride film is composed of an oxynitride film of silicon, aluminum, or the like.
[0069]

Also, the protective layer 8b is composed of an inorganic insulating film that differs from the protective layer
8a. That 1s, two types of films are selected from the inorganic insulating films described above to form the protective
layers 8a and 8b.

[0070]

Furthermore, the protective layer 8a may be composed of a semiconductor layer, and the protective layer 8b
may be composed of the inorganic insulating film described above.
[0071]

In this case, the semiconductor layer is composed of an amorphous semiconductor layer. Also, the amorphous
semiconductor layer is composed of amorphous silicon, amorphous silicon germanium, amorphous germanium,
amorphous silicon carbide, amorphous silicon nitride, amorphous silicon oxide, amorphous silicon oxynitride,
amorphous silicon carbon oxide, or the like. The more insulating the material, the more the leakage between the
electrodes 6 and 7 is able to be suppressed, and thus the protective layer 8a is preferably composed of an intrinsic
amorphous semiconductor layer. For example, the protective layer 8a is composed of intrinsic amorphous silicon,
and the protective layer 8b is composed of a silicon nitride film.

[0072]

However, when the protective layer 8b is composed of an insulating film, the protective layer 8a may be

composed of an n-type amorphous semiconductor layer or a p-type amorphous semiconductor layer.
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[0073]

The protective layer 8b is preferably composed of a dielectric film having a positive fixed charge. The
dielectric film having a positive fixed charge is, for example, a silicon nitride film and a silicon oxynitride film.
[0074]

Since the semiconductor substrate 1 is composed of n-type single crystal silicon, when the protective layer
8b is composed of a dielectric film having a positive fixed charge, the protective layer 8b applies an electric field on
holes, which are minority carriers, thereby allowing the lifetime of minority carriers (holes) in the gap region G to be
maintained for a long time.

[0075]

The protective film 8 is not limited to a two-layer structure and may be composed of a single layer or a
multilayer structure having two or more layers.
[0076]

When the protective film 8 is composed of a single layer, the protective film 8 is composed of one type of
film selected from the inorganic insulating films described above.
[0077]

When the protective film 8 is composed of a multilayer structure, the protective film 8 includes the protective
layers 8a and 8b described above in the multilayer structure.
[0078]

As described above, when the protective film 8 is composed of a two-layer structure, forming the protective
layer 8a from an amorphous semiconductor layer and forming the protective layer 8b from an insulating film makes
it possible to achieve both passivation of the n-type amorphous semiconductor layer 4 and the p-type amorphous
semiconductor layer 5, and insulation between electrodes 6 and 7, which is preferable.

[0079]

Furthermore, when the semiconductor substrate 1 is composed of an n-type silicon substrate, forming the
protective layer 8b from a dielectric film having a positive fixed charge applies an electric field to the gap region and
may extend the lifetime of the minority carriers (holes) in the gap region, which is further preferable.

[0080]

Furthermore, when the inorganic insulating film described above is included in the multilayer structure of the
protective film 8, a moisture-proof effect may be achieved that prevents the diffusion of water or the like into the
amorphous semiconductor layers (the n-type amorphous semiconductor layer 4 and the p-type amorphous
semiconductor layer 5), which is preferable. Among the inorganic insulating films described above, a silicon nitride
film and a silicon oxynitride film are particularly preferable because they have particularly high moisture resistance
compared to other inorganic insulating films. Also, when an n-type silicon substrate is used, moisture resistance and
the electric field effect caused by the positive fixed charge may be obtained together, and thus both long-term
reliability and high efficiency of the photoelectric conversion element 10 may be achieved.

[0081]

For example, when the protective film 8 is composed of a multilayer film having a two-layer or more
structure, for example, a three-layer structure, one protective layer (a protective layer in contact with the n-type
amorphous semiconductor layer 4 or the p-type amorphous semiconductor layer 5) is composed of an amorphous
semiconductor layer, and the remaining two protective layers are composed of two types of films selected from
among the inorganic insulating films.

[0082]

Moreover, when the protective film 8 is composed of a single layer or a multilayer, the protective film 8 may
be composed of a structure in which an insulating film of an organic substance or the like is formed on the inorganic
insulating film described above.

[0083]

The organic substance is composed of, for example, an imide resin, an epoxy resin, a fluor resin, a
polycarbonate, a liquid crystal polymer, or the like.
[0084]
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The imide resin is, for example, a polyimide. The fluor resin is, for example, polytetrafluoroethylene (PTFE).
Furthermore, the organic substance may be a resist formed by screen printing.

[0085]

FIG. 4 is a cross-sectional view illustrating a detailed structure of the n-type amorphous semiconductor layer
4 illustrated in FIG. 1. Note that in the drawing, a structure is illustrated in which the back surface of the
semiconductor substrate 1 is flat, and the n-type amorphous semiconductor layer 4 is formed on the flat passivation
film 3; however, in practice, the texture structure is formed on the back surface of the semiconductor substrate 1.
[0086]

Referring to FIG. 4, the n-type amorphous semiconductor layer 4 has a flat region FT and a film thickness-
reducing region TD in the in-plane direction of the n-type amorphous semiconductor layer 4. The flat region FT is
composed of a portion of the n-type amorphous semiconductor layer 4 having the thickest film thickness and having
a substantially uniform film thickness.

[0087]

When a point at both ends of the flat region FT is defined as point A and a point at which a rate of reduction
in film thickness changes from a first rate of reduction to a second rate of reduction that is greater than the first rate
of reduction is defined as point B, the film thickness-reducing region TD is a region from point A to point B in the
in-plane direction of the n-type amorphous semiconductor layer 4.

[0088]

Also, the film thickness-reducing region TD is disposed on both sides of the flat region FT in the in-plane
direction of the n-type amorphous semiconductor layer 4.

[0089]

The n-type amorphous semiconductor layer 4 has the film thickness-reducing region TD because the n-type
amorphous semiconductor layer 4 is formed by a plasma CVD method using a shadow mask, as will be described
later. Since the film thickness-reducing region TD has a thinner film thickness than the flat region FT, the dopant
concentration of the film thickness-reducing region TD is higher than the dopant concentration of the flat region FT.
[0090]

The electrode 6 is disposed in contact with the entire flat region FT and a portion of the film thickness-
reducing region TD of the n-type amorphous semiconductor layer 4.

[0091]

The p-type amorphous semiconductor layer 5 is also composed of the same structure as the n-type amorphous
semiconductor layer 4 illustrated in FIG. 4. Also, the electrode 7 is disposed in contact with the entire flat region FT
and a portion of the film thickness-reducing region TD of the p-type amorphous semiconductor layer 5.

[0092]

As a result, the resistance of the carrier (electron) when it reaches the electrode 6 via the n-type amorphous
semiconductor layer 4 is lower than when the n-type amorphous semiconductor layer having a uniform film thickness
is formed in the in-plane direction of the passivation film 3. Furthermore, the resistance of the carrier (hole) when it
reaches the electrode 7 via the p-type amorphous semiconductor layer 5 is lower than when the p-type amorphous
semiconductor layer having a uniform film thickness is formed in the in-plane direction of the passivation film 3.
Accordingly, the conversion efficiency of the photoelectric conversion element 10 may be improved.

[0093]

Note that the electrode 6 may contact the entire film thickness-reducing region TD of the n-type amorphous
semiconductor layer 4, and the electrode 7 may contact the entire film thickness-reducing region TD of the p-type
amorphous semiconductor layer 5.

[0094]

FIG. 5 is a cross-sectional view illustrating another detailed structure of the n-type amorphous semiconductor
layer 4 illustrated in FIG. 1. Referring to FIG. 5(a), the photoelectric conversion element 10 may be provided with
an n-type amorphous semiconductor layer 41 instead of the n-type amorphous semiconductor layer 4, and may be
provided with an electrode 61 instead of the electrode 6.

[0095]
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In the n-type amorphous semiconductor layer 41, a point where the film thickness is the largest is defined as
point C, and a point where a rate of reduction of film thickness changes from the first rate of reduction to a second
rate of reduction that is greater than the first rate of reduction is defined as point D. As a result, the film thickness-
reducing region TD is a region from point C to point D in the in-plane direction of the n-type amorphous
semiconductor layer 41.

[0096]

Also, the n-type amorphous semiconductor layer 41 has two film thickness-reducing regions TD in the in-
plane direction of the n-type amorphous semiconductor layer 41. The two film thickness-reducing regions TD are
disposed in contact with each other in the in-plane direction of the n-type amorphous semiconductor layer 41.
[0097]

Among the two film thickness-reducing regions TD, the electrode 61 is disposed in contact with a portion of
one of the two film thickness-reducing regions TD and a portion of the other film thickness-reducing region TD.
[0098]

The photoelectric conversion element 10 may be provided with a p-type amorphous semiconductor layer
composed of the same structure as the n-type amorphous semiconductor layer 41 illustrated in FIG. 5(a) instead of
the p-type amorphous semiconductor layer 5.

[0099]

As a result, the resistance of the carrier (electron) when it reaches the electrode 61 via the n-type amorphous
semiconductor layer 41 is lower than when the n-type amorphous semiconductor layer having a uniform film
thickness is formed in the in-plane direction of the passivation film 3. Furthermore, the resistance of the carrier (hole)
when it reaches the electrode via the p-type amorphous semiconductor layer having the same structure as the n-type
amorphous semiconductor layer 41 is lower than when the p-type amorphous semiconductor layer having a uniform
film thickness is formed in the in-plane direction of the passivation film 3. Accordingly, the conversion efficiency of
the photoelectric conversion element 10 may be improved.

[0100]

Note that the electrode 61 may be disposed in contact with the entire two film thickness-reducing regions TD
in the n-type amorphous semiconductor layer 41 and the p-type amorphous semiconductor layer having the same
structure as the n-type amorphous semiconductor layer 41.

[0101]

Referring to FIG. 5(b), the photoelectric conversion element 10 may be provided with an n-type amorphous
semiconductor layer 42 instead of the n-type amorphous semiconductor layer 4, and may be provided with an
electrode 62 instead of the electrode 6.

[0102]

In the n-type amorphous semiconductor layer 42, a point where the film thickness is the largest is defined as
point E, a point at which a rate of reduction in film thickness changes from a first rate of reduction to a second rate
of reduction that is greater than the first rate of reduction is defined as point F, and a point where a sign of a rate of
change of film thickness changes from negative to positive is defined as point G.

[0103]

As aresult, a film thickness-reducing region TD1 is a region from point E to point F in the in-plane direction
of the n-type amorphous semiconductor layer 42, and a film thickness-reducing region TD2 is a region from point E
to point G in the in-plane direction of the n-type amorphous semiconductor layer 42.

[0104]

Also, the n-type amorphous semiconductor layer 42 has two film thickness-reducing regions TD1 and two
film thickness-reducing regions TD2 in the in-plane direction of the n-type amorphous semiconductor layer 42.
[0105]

The two film thickness reducing regions TD2 are disposed so that a film thickness distribution in the in-plane
direction of the n-type amorphous semiconductor layer 42 is symmetrical with respect to a line passing through point
G. The two film thickness-reducing regions TD1 are disposed on both sides of the two film thickness-reducing
regions TD2 in the in-plane direction of the n-type amorphous semiconductor layer 42.
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[0106]

Among the entire two film thickness-reducing regions TD2, the electrode 62 is disposed in contact with a
portion of one film thickness-reducing region TD1 and a portion of the other film thickness-reducing region TD1.
[0107]

The photoelectric conversion element 10 may be provided with a p-type amorphous semiconductor layer
composed of the same structure as the n-type amorphous semiconductor layer 42 illustrated in FIG. 5(b) instead of
the p-type amorphous semiconductor layer 5.

[0108]

As aresult, the resistance of the carrier (electron) when it reaches the electrode 62 via the n-type amorphous
semiconductor layer 42 is lower than when the n-type amorphous semiconductor layer having a uniform film
thickness is formed in the in-plane direction of the passivation film 3. Furthermore, the resistance of the carrier (hole)
when it reaches the electrode via the p-type amorphous semiconductor layer having the same structure as the n-type
amorphous semiconductor layer 42 is lower than when the p-type amorphous semiconductor layer having a uniform
film thickness is formed in the in-plane direction of the passivation film 3. Accordingly, the conversion efficiency of
the photoelectric conversion element 10 may be improved.

[0109]

Note that the electrode 62 may be disposed in contact with the entire two film thickness-reducing regions
TD1 and the entire two film thickness-reducing regions TD2 in the n-type amorphous semiconductor layer 42 and
the p-type amorphous semiconductor layer having the same structure as the n-type amorphous semiconductor layer
42.

[0110]

In this manner, the photoelectric conversion element 10 is provided with an n-type amorphous semiconductor
layer and a p-type amorphous semiconductor layer having a film thickness-reducing region TD (TD1, TD2). Also,
in an embodiment of the present invention, the film thickness-reducing region is composed of any of the film
thickness-reducing regions TD, TD1, and TD2.

[0111]

Accordingly, when a point where the film thickness of the n-type amorphous semiconductor layer or the p-
type amorphous semiconductor layer is at maximum is defined as a first point, and a point where the rate of reduction
in film thickness changes from the first rate of reduction to the second rate of reduction that is greater than the first
rate of reduction or a point where a sign of the rate of change in film thickness changes from negative to positive in
the in-plane direction of the n-type amorphous semiconductor layer or the p-type amorphous semiconductor layer is
defined as a second point, the film thickness-reducing region is a region from the first point to the second point in the
in-plane direction of the n-type amorphous semiconductor layer or the p-type amorphous semiconductor layer.
[0112]

Note that in an embodiment of the present invention, at least one of the n-type amorphous semiconductor
layer 4 and the p-type amorphous semiconductor layer 5 may have a film thickness-reducing region.

[0113]

Next, a method for manufacturing the photoelectric conversion element 10 will be described. FIG. 6 to FIG.
10 are first to fifth step diagrams, respectively, illustrating a method of manufacturing the photoelectric conversion
element 10 illustrated in FIG. 1.

[0114]

Referring to FIG. 6, when manufacture of the photoelectric conversion element 10 begins, a wafer having a
thickness of 100 to 300 pum is cut out from bulk silicon using a wire saw. Then, etching to remove a damaged layer
on the front surface of the wafer and etching to adjust the thickness are performed to prepare a semiconductor
substrate 1' (see step (a) in FIG. 6).

[0115]

Generally, a silicon substrate having a texture structure is manufactured by etching a silicon substrate obtained
by slicing a silicon ingot using a wire saw or the like. The substrate that forms the texture is mainly monocrystalline
silicon using a free abrasive sliced substrate, but a similar texture may also be formed on a fixed abrasive sliced
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substrate due to cost reduction and improvements in slice technology.
[0116]

Etching of the semiconductor substrate 1' may be performed by wet etching using an alkaline etching solution.
When this etching is performed in a sodium hydroxide solution, it proceeds through reactions such as the following
equations (1), (2), (3), or the like.

Si+2NaOH + HO — NaxSiOs + 2Hs ... (1)

2Si + 2NaOH + 3H,0 — NaxSi;Os + 4H> ... (2)

3Si +4NaOH + 4H>O — NasSi308 + 6H> ... (3)

[0117]

To form the texture structure on the front surface of the semiconductor substrate 1', anisotropic etching, for
example, is performed by using an etching solution having a controlled etching rate. The formation of the texture
structure on the front surface of the semiconductor substrate 1' is based on the following mechanism. The etching
rate of the semiconductor substrate 1' using an alkaline aqueous solution is the fastest on the (100) surface and the
slowest on the (111) surface. Therefore, when the rate of texture etching is inhibited by adding a defined additive that
is able to decrease the etching rate (hereinafter also referred to as an “etching inhibitor”) to the alkaline aqueous
solution, a crystal surface that is easily etched, such as the (100) surface of silicon or the like, is preferentially etched,
and the (111) surface having a slow etching rate remains on the front surface. The (111) surface has an inclination of
approximately 54 degrees with respect to the (100) surface, and thus a pyramid-shaped uneven structure constituted
by the (111) surface and an equivalent surface thereof is formed in the final stage of the process.

[0118]

However, depending on the etching conditions, a texture having an inclination of about 40 to 54 degrees may
be formed, and the front surface of the texture does not necessarily form (111). Even in the present invention, the
inclined surface of the texture need not be the (111) surface, and the inclination may be gentle.

[0119]

Furthermore, an etching solution to which isopropyl alcohol (hereinafter sometimes referred to as “IPA”) is
added as an etching inhibitor to an aqueous sodium hydroxide (NaOH) solution may be used as the etching solution
for texture formation. The etching solution is heated to about 60°C to 80°C, and the silicon substrate of surface (100)
is immersed for 10 to 30 minutes and etched.

[0120]

Furthermore, by using an etching solution containing sodium hydroxide or potassium hydroxide, a defined
additive such as lignin or the like as an additive, and sodium bicarbonate or potassium bicarbonate, a fine pyramid-
shaped (height from the bottom surface of a concave portion to the top of the convex portion is 1 pum or less) texture
structure may be formed. In this manner, the size of the texture may be controlled by changing various conditions
such as the temperature of the etching solution, the processing time, the type of etching inhibitor, the etching rate, the
type of substrate, and the like. Here, the etching conditions are set so that the size of the texture is 15 um or less.
[0121]

In the present embodiment, after step (a) in FIG. 6, the semiconductor substrate 1' is etched using an alkaline
solution such as NaOH, KOH, or the like (for example, an aqueous solution of KOH: 1 to 5 wt% and isopropyl
alcohol: 1 to 10 wt%). Both surfaces of the semiconductor substrate 1' are thus anisotropically etched to form a texture
structure where the size of the texture is 15 pm or less (see step (b) in FIG. 6).

[0122]

Subsequently, the front surface of the semiconductor substrate 1 is thermally oxidized to form an oxide film
11 on the light-receiving surface of the semiconductor substrate 1, and the passivation film 3 is formed on the back
surface (surface on the opposite side to the light-receiving surface) of the semiconductor substrate 1 (see step (¢) in
FIG. 6).

[0123]

Oxidation of the semiconductor substrate 1 may be performed by either a wet process or thermal oxidation.
In the case of wet oxidation, for example, the semiconductor substrate 1 is immersed in hydrogen peroxide, nitric
acid, ozone water, or the like, and then the semiconductor substrate 1 is heated at 800°C to 1,000°C in a dry
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atmosphere. Furthermore, in the case of thermal oxidation, for example, the semiconductor substrate 1 is heated to
900°C to 1,000°C in an atmosphere of oxygen or water vapor.
[0124]

After step (c) in FIG. 6, a silicon nitride film 12 is formed in contact with the oxide film 11 using a sputtering
method, electron beam (EB) deposition, TEOS method, or the like. The antireflective film 2 is thus formed on the
light-receiving surface of the semiconductor substrate 1 (see step (d) in FIG. 7).

[0125]

After step (d) in FIG. 7, the semiconductor substrate 1 is placed in the reaction chamber of the plasma device,
and a shadow mask 30 is disposed on the passivation film 3 of the semiconductor substrate 1 (see step (e) in FIG. 7).
[0126]

The shadow mask 30 will be described here. FIG. 11A is a schematic view of the shadow mask 30 when
viewed from above. The shadow mask 30 has a plurality of openings 30a and openings 30b. The opening 30a is an
opening for forming the n-type amorphous semiconductor layer 4 on the passivation film 3, and is formed at a uniform
distance from the adjacent opening 30a. The opening 30b is an opening for forming an alignment mark serving as a
reference when forming the p-type amorphous semiconductor layer 5.

[0127]

The shadow mask 30 is constituted by, for example, a metal mask composed of stainless steel and having a
thickness of 200 um. The opening 30a has a substantially rectangular shape, and the opening 30b has a substantially
square shape. An opening width w of the opening 30a is approximately 400 um. Furthermore, the opening 30b has a
size of 1.0 mm x 1.0 mm, but a size of 0.4 mm X% 0.4 mm is more preferable.

[0128]

A temperature of the semiconductor substrate 1 is set to 130°C to 180°C, hydrogen (H>) gas at 0 to 100 sccm,
SiH4 gas at 40 sccm, and phosphine (PH3) gas at 40 sccm are supplied to the reaction chamber, and a pressure of the
reaction chamber is set to 40 to 120 Pa. Thereafter, high-frequency power (13.56 MHz) having an RF power density
of 5 to 15 mW/cm? is applied to a parallel plate electrode. Note that the pHs gas is diluted using hydrogen, and the
concentration of the pHs gas is, for example, 1%.

[0129]

N-type amorphous silicon is thus deposited in a region of the passivation film 3 not covered by the shadow
mask 30, and the n-type amorphous semiconductor layer 4 and the alignment mark 4M are formed on the passivation
film 3 (see step (f) in FIG. 7).

[0130]

When the shadow mask 30 is disposed on the passivation film 3, a gap is present between the shadow mask
30 and the passivation film 3. As a result, an active species such as SiH, SiH», or the like decomposed by plasma
enters the gap between the shadow mask 30 and the passivation film 3, and the n-type amorphous semiconductor
layer 4 is also formed in a portion of the region covered by the shadow mask 30. More coverage occurs in the gap
between the shadow mask 30 and the passivation film 3 than when the shadow mask 30 is used to deposit a film on
a semiconductor substrate on which a texture structure is not formed. Thus, the n-type amorphous semiconductor
layer 4 having the film thickness-reducing region TD is formed on the passivation film 3. Furthermore, n-type
amorphous silicon 31 is also deposited on the shadow mask 30.

[0131]

Note that the width of the film thickness-reducing region TD and the film thickness rate of reduction in the
n-type amorphous semiconductor layer 4 are controlled by changing the film formation pressure when the n-type
amorphous semiconductor layer 4 is deposited, the thickness of the shadow mask 30, and the opening width of the
shadow mask 30. For example, when the thickness of the shadow mask 30 is made thicker, the width of the film
thickness-reducing region TD becomes wider.

[0132]

After step (f) in FIG. 7, the shadow mask 40 is disposed on the passivation film 3, the n-type amorphous
semiconductor layer 4, and the alignment mark 4M (see step (g) in FIG. 8) instead of the shadow mask 30.

[0133]
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The shadow mask 40 will be described here. FIG. 11B is a schematic view of the shadow mask 40 when
viewed from above. The shadow mask 40 has a plurality of openings 40a for forming the p-type amorphous
semiconductor layer 5 on the passivation film 3 and an alignment opening 40b for aligning with the alignment mark
4M (see (f) in FIG. 7) formed on the passivation film 3.

[0134]

The opening 40a, similar to the opening 30a of the shadow mask 30, has a substantially rectangular shape
and an opening width w of approximately 400 um. The inside of the alignment opening 40b is open, and has four
convex portions 402b to 405b protruding inside the alignment opening 40b at positions in contact with each side of
a dashed-line frame 401b of the same size as the opening 30b of the shadow mask 30. The material and thickness of
the shadow mask 40 are the same as those of the shadow mask 30.

[0135]

When the shadow mask 40 is disposed, the alignment mark 4M formed on the passivation film 3 is observed
using an optical microscope to determine the position of the alignment mark 4M. In the present embodiment, the
texture structure having a texture size of less than 15 pm is formed on the entire back surface of the semiconductor
substrate 1. Therefore, the reflectance of the portion of the semiconductor substrate 1 below the alignment mark 4M
is substantially uniform, and the position of the alignment mark 4M may be reliably determined using an optical
microscope.

[0136]

After determining the position of the alignment mark 4M, as illustrated in FIG. 11C, the shadow mask 40 is
disposed so that the convex portions 402b to 405b of the alignment opening 40b of the shadow mask 40 contact each
side of the alignment mark 4M. Thus, the opening 40a of the shadow mask 40 is disposed at a position that is a
uniform distance from the n-type amorphous semiconductor layer 4.

[0137]

Note that in step (g) in FIG. 8, the shadow mask 40 is illustrated as being distant from the passivation film 3,
but the film thickness of the n-type amorphous semiconductor layer 4 is very thin at 5 to 50 nm as described above,
and thus the shadow mask 40 is actually disposed in proximity to the passivation film 3.

[0138]

Also, the temperature of the semiconductor substrate 1 is set to 130°C to 180°C, H> gas at 0 to 100 sccm,
SiH4 gas at 40 sccm, and diborane (B2He) gas at 40 sccm are supplied to the reaction chamber, and the pressure of
the reaction chamber is set to 40 to 200 Pa. Thereafter, high-frequency power (13.56 MHz) having an RF power
density of 5 to 15 mW/cm? is applied to a parallel plate electrode. Note that the BoHg gas is diluted using hydrogen,
and the concentration of the BoHg gas is, for example, 2%.

[0139]

P-type amorphous silicon is thus deposited in a region of the passivation film 3 not covered by the shadow
mask 40. As a result, p-type amorphous silicon SM is deposited on the alignment mark 4M on the passivation film 3,
and the p-type amorphous semiconductor layer 5 is formed at an appropriate position at a uniform interval from the
n-type amorphous semiconductor layer 4 (see step (h) in FIG. 8).

[0140]

When the shadow mask 40 is disposed on the passivation film 3 and the n-type amorphous semiconductor
layer 4, a gap is present between the shadow mask 40 and the passivation film 3. As a result, active species such as
SiH, SiH», and the like decomposed by plasma go into the gap between the shadow mask 40 and the passivation film
3, and the p-type amorphous semiconductor layer 5 is also formed in a portion of the region covered by the shadow
mask 40. Accordingly, the p-type amorphous semiconductor layer 5 having the film thickness-reducing region TD is
formed on the passivation film 3. Furthermore, p-type amorphous silicon 32 is also deposited on the shadow mask
40.

[0141]

Note that the width of the film thickness-reducing region TD and the film thickness rate of reduction in the
p-type amorphous semiconductor layer 5 are controlled by changing the film formation pressure when the p-type
amorphous semiconductor layer 5 is deposited, the thickness of the shadow mask 40, and the opening width of the
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shadow mask 40. For example, when the thickness of the shadow mask 40 is made thicker, the width of the film
thickness-reducing region TD becomes wider.
[0142]

When the shadow mask 40 is removed after the p-type amorphous silicon is deposited, a state is formed in
which the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5 that are
alternately disposed in the in-plane direction of the semiconductor substrate 1 are formed on the passivation film 3,
and the p-type amorphous silicon 5M is formed on the alignment mark 4M (see step (i) in FIG. 8).

[0143]

After step (i) in FIG. 8, a shadow mask 50 is disposed so that openings are positioned on the n-type amorphous
semiconductor layer 4 and the p-type amorphous semiconductor layer 5 (see step (j) in FIG. 9). The shadow mask 50
has the same material and thickness as the shadow mask 30. Furthermore, the opening width is set to a sum of the
width of the flat region FT of the n-type amorphous semiconductor layer 4 or the p-type amorphous semiconductor
layer 5 and the width of the two film thickness-reducing regions TD in the amorphous semiconductor layer.

[0144]

After step (j) in FIG. 9, the conductive layers 6a and 7a and the conductive layers 6b and 7b are sequentially
deposited via the shadow mask 50. The electrodes 6 and 7 are thus deposited on the n-type amorphous semiconductor
layer 4 and the p-type amorphous semiconductor layer 5, respectively (see step (k) in FIG. 9).

[0145]

The conductive layers 6a and 7a and the conductive layers 6b and 7b are formed using a sputtering method,
vapor deposition method, ion plating method, thermal CVD method, metal organic chemical vapor deposition
(MOVD) method, sol-gel method, method of spray heating liquid raw material, ink jet method, or the like.

[0146]

The conductive layers 6a and 7a are, for example, any of ITO, IWO, and ZnO, and the conductive layers 6b
and 7b are composed of a two-layer structure of Ti (3 nm)/Al (500 nm).
[0147]

The ITO is formed, for example, by sputtering an ITO target doped with 0.5 to 4 wt% SnO- while supplying
argon gas or a mixed gas of argon and oxygen, at a substrate temperature of 25°C to 250°C, a pressure of 0.1 to 1.5
Pa, and a power of 0.01 to 2 kW.

[0148]

ZnO0 is formed by performing a sputtering process under similar conditions using a ZnO target doped with

0.5 to 4 wt% Al instead of an ITO target.
[0149]

The two-layer structure of Ti/Al is formed by EB deposition.
[0150]

Furthermore, the conductive layers 6b and 7b may be formed by the plating deposition method using the
conductive layers 6a and 7a as seed electrodes, respectively, for the electrodes 6 and 7. In this case, the conductive
layers 6b and 7b are composed of, for example, any of Ni, W, Co, Ti, Cr, alloys thereof, and alloys thereof with an
alloy of P or B. In addition, Cu, Al, Sn, or the like may be formed on the conductive layers 6b and 7b by a plating
method.

[0151]

After step (k) in FIG. 9, a shadow mask 60 is disposed on the electrodes 6 and 7 (see step (1) in FIG. 9). The
shadow mask 60 has the same material and thickness as the shadow mask 30.

[0152]

Also, the protective film 8 is formed on the passivation film 3, the n-type amorphous semiconductor layer 4,
the p-type amorphous semiconductor layer 5, and the electrodes 6 and 7.

[0153]

More specifically, an intrinsic amorphous semiconductor film and a silicon nitride film are sequentially
deposited on the passivation film 3, the n-type amorphous semiconductor layer 4, the p-type amorphous
semiconductor layer 5, and the electrodes 6 and 7 using the plasma CVD method. In this case, for example, an
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intrinsic amorphous semiconductor film is formed using SiH4 gas as a material gas, and the film thickness of the
intrinsic amorphous semiconductor film is, for example, 10 nm. Furthermore, for example, a silicon nitride film is
formed using SiH4 gas and NH3 gas as a material gas, and the silicon nitride film has a film thickness of, for example,
120 nm. The photoelectric conversion element 10 is thus completed (see step (m) in FIG. 10).

[0154]

In the above example, stainless steel is exemplified as the material of the shadow masks 30, 40, 50, and 60,
but the present invention is not limited to stainless steel, and, for example, copper, nickel, nickel alloys (alloy 42,
Invar materials, and the like), molybdenum, and the like may be used. Furthermore, the shadow masks 30, 40, 50,
and 60 are not limited to metal masks, and may be any of, for example, a glass mask, a ceramic mask, an organic
film mask, or the like. Furthermore, a semiconductor substrate made of the same material as the semiconductor
substrate 1 may be processed by etching to form a shadow mask. In this case, the semiconductor substrate and the
shadow mask are made of the same material, and thus the coefficient of thermal expansion is the same, and no
deviation occurs due to differences in the coefficient of thermal expansion. Furthermore, in consideration of the
relationship with the coefficient of thermal expansion of the semiconductor substrate 1 and the raw material cost,
alloy 42 is preferable as the material for the shadow masks 30, 40, 50, and 60. Based on the relationship of the
coefficient of thermal expansion and the semiconductor substrate 1, the material of the shadow masks 30, 40, 50, and
60 is closest to the coefficient of thermal expansion of the semiconductor substrate 1 when the composition of nickel
is about 36% and the composition of iron is 64%, and any alignment errors due to a difference in the coefficient of
thermal expansion may be minimized.

[0155]

Furthermore, with respect to the thickness of the shadow masks 30, 40, 50, and 60, being able to restore and
use them many times is preferable from the perspective of suppressing the running costs of production. In this case,
the deposited product adhered to the shadow masks 30, 40, 50, and 60 may be removed using hydrofluoric acid or
NaOH. Considering the number of restorations, the thickness of the shadow masks 30, 40, 50, and 60 is preferably
30 um to 300 pm.

[0156]

Furthermore, in the manufacturing method described above, it has been described that the intrinsic amorphous
semiconductor film/silicon nitride film constituting the protective film 8 is continuously formed in one reaction
chamber; however, in an embodiment of the present invention, it is not limited to this; after the intrinsic amorphous
semiconductor layer is formed, the sample may be exposed to the atmosphere once so that the silicon nitride film is
formed using a sputtering device or another CVD device.

[0157]

When the intrinsic amorphous semiconductor film/silicon nitride film constituting the protective film 8 is
formed without atmospheric exposure, contamination of organic substances or moisture in the atmosphere may be
suppressed, which is preferable.

[0158]

Moreover, the protective film 8 may be formed using EB deposition, a sputtering method, a laser ablation
method, a CVD method, or an ion plating method.
[0159]

Furthermore, in an embodiment of the present invention, after forming the passivation film 3, the passivation
film 3 may be nitrided by a plasma CVD method using nitrogen (N2) gas to form a passivation film composed of
SiON. As a result, the dopant (B) in the p-type amorphous semiconductor layer 5 formed on the passivation film may
be suppressed from diffusing to the semiconductor substrate 1. Also, even when a passivation film having a film
thickness capable of passing a tunnel current is formed, diffusion of the boron (B) may be effectively suppressed,
which is preferable.

[0160]

As described above, the texture structure having a texture size of less than 15 pm is formed on the entire back
surface of the semiconductor substrate 1. This texture structure makes the reflectance of the back surface of the
semiconductor substrate 1 substantially uniform, and thus the position of the alignment mark 4M may be reliably
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determined when the alignment mark 4M formed together with the n-type amorphous semiconductor layer 4 on the
passivation film 3 is observed using an optical microscope. Therefore, the convex portions 402b to 405b of the
alignment opening 40b of the shadow mask 40 may be aligned based on the alignment mark 4M, and the shadow
mask 40 may be disposed at an appropriate position. As a result, the p-type amorphous semiconductor layer 5 may
be formed at a position at a uniform interval from the n-type amorphous semiconductor layer 4, and the gap region
G may be formed between the adjacent n-type amorphous semiconductor layer 4 and the p-type amorphous
semiconductor layer 5. Furthermore, n-type amorphous silicon in particular has a lower contrast than p-type
amorphous silicon when observed using an optical microscope, and thus the foregoing configuration is particularly
effective when the p-type amorphous semiconductor layer 5 is formed after the n-type amorphous semiconductor
layer 4 is formed.

[0161]

Furthermore, when the difference in film thickness between the alignment mark 4M and the other regions is,
for example, only the film thickness of the n-type amorphous semiconductor layer, it is difficult to recognize the
boundary between the alignment mark 4M and the other regions. However, by forming a texture structure below the
boundary (outer edge) portion of the region in which the n-type amorphous silicon is formed at the alignment mark
4M, visibility of the boundary portion of the n-type amorphous silicon at the alignment mark 4M is increased, and
recognition accuracy of the alignment mark 4M is improved. As a result, the film thickness of the n-type amorphous
semiconductor layer 4 may be made thinner, the series resistance in the n-type amorphous semiconductor layer 4
may be reduced, and a higher conversion efficiency may be achieved.

[0162]

Furthermore, the clarity of the edges of the texture when observing the back surface of the semiconductor
substrate 1 using an optical microscope varies depending on the texture size. This is because as the texture size
increases, the amount of film entered into the back surface of the shadow mask increases. In the above example, the
size of the texture formed on the back surface of the semiconductor substrate 1 is less than 15 um. When the size of
the texture is less than 15 um, the amount of reflected light from the back surface of the semiconductor substrate 1
becomes small, and the reflectance of the back surface becomes substantially uniform, and thus the alignment mark
4M is easily recognized.

[0163]

Here, FIG. 12(a) to (d) illustrates optical microscope images of alignment marks when alignment marks are
formed on semiconductor substrates having different back surface states. FIG. 12(a) is an optical microscope image
of an alignment mark when the back surface of the semiconductor substrate is a mirrored surface. FIG. 12(b) is an
optical microscope image of an alignment mark on a flat surface when a texture structure is not formed on the back
surface of the semiconductor substrate. FIG. 12(c) is an optical microscope image of an alignment mark when a
texture structure having a texture size of 1 um is formed on the back surface of the semiconductor substrate. FIG.
12(d) is an optical microscope image of an alignment mark when a texture structure having a texture size of 15 pm
is formed on the back surface of the semiconductor substrate. The portion of the image in region A illustrated in FIG.
12(a) to (d) is the region where the alignment mark is formed, and the portion of the image in region B is the region
where the passivation film 3 is formed.

[0164]

In the case of FIG. 12(a), the back surface of the semiconductor substrate is an atomically flat mirrored
surface, and thus the reflectance of the semiconductor substrate is substantially uniform in the surface. Furthermore,
the n-type amorphous silicon is less likely to enter the back side of the shadow mask when forming the n-type
amorphous semiconductor layer 4, and as illustrated in FIG. 12(a), contrast between the portion of the alignment
mark and the other regions is higher, and the alignment mark is more easily recognized.

[0165]

In the case of FIG. 12(b), large optical contrast due to dimpling of the semiconductor substrate becomes a
noise source, and furthermore, since the back surface of the semiconductor substrate is a flat surface, the amount of
reflected light of the semiconductor substrate is large, and it is thereby difficult to optically recognize the portion of
the alignment mark.
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[0166]

In FIG. 12(c), region C, the brightest part, as illustrated by a dashed-line frame, is the mask alignment mark
for the shadow mask when forming the p-type amorphous semiconductor layer 5. Since the texture structure is formed
at the boundary portion of the region A where the alignment mark is formed, the amount of reflected light from the
back surface of the semiconductor substrate is smaller than that in FIG. 12(b), and the reflectance in the surface is
substantially uniform. As a result, the alignment mark is more easily optically recognized than in that FIG. 12(b).
[0167]

In the case of FIG. 12(d), the texture size of the texture structure formed on the back surface of the
semiconductor substrate is larger than that in FIG. 12(c), and the boundary of the region A where the alignment mark
is formed is difficult to recognize. This is because as the texture size increases, the n-type amorphous silicon tends to
enter the back side of the shadow mask when forming the n-type amorphous semiconductor layer 4. Therefore, it is
clear that the texture size of the texture structure formed on the back surface of the semiconductor substrate is
preferably less than 15 um, and when it is 15 um or more, the boundary portion of the alignment mark is difficult to
recognize.

[0168]

Moreover, the smaller the inclination angle 0 of the texture, the flatter the front surface of the semiconductor
substrate becomes and the higher the reflectance, and thus visibility of the alignment mark 4M decreases. Therefore,
for example, by defining the inclination angle 6 of the texture as 40° or more, the contrast ratio of the boundary of
the alignment mark 4M becomes high, and the alignment mark 4M becomes more recognizable.

[0169]

Also, between the adjacent electrodes 6 and 7, the protective film 8 is formed on the electrodes 6 and 7 and
the gap region G (passivation film 3, n-type amorphous semiconductor layer 4, and p-type amorphous semiconductor
layer 5). As a result, short circuits are prevented even when conductive dust adheres between adjacent electrodes 6
and 7. Accordingly, the reliability of the photoelectric conversion element 10 may be improved.

[0170]

Furthermore, a region of 5 pm or more of the electrodes 6 and 7 from the end to the inside is covered by the
protective film 8. As a result, moisture may be effectively suppressed from entering the protective film 8 from the
opening end, peeling of the protective film 8 may be suppressed, and a decrease in yield due to misalignment during
production may be prevented.

[0171]

Furthermore, even when the adhesion between the semiconductor layer, which the electrodes 6 and 7 contact,
and the electrodes 6 and 7 is relatively weak, covering the electrodes 6 and 7 using the protective film 8 may
effectively suppress electrode peeling, which is preferable. In other words, by forming the protective film 8, even an
electrode material having little adhesion to the amorphous semiconductor may be used, which is preferable because
the range of metals selected for the electrode expands and the characteristics are easily improved. In a conventional
heterojunction solar cell in which an n-type amorphous semiconductor layer or a p-type amorphous semiconductor
layer and a transparent conductive film (TCO) are formed on substantially the entire surface of one surface of a front
surface a semiconductor substrate, there is no break between the amorphous semiconductor layer and the TCO.
[0172]

However, when a plurality of layers such as an n-type amorphous semiconductor layer or a p-type amorphous
semiconductor layer, a TCO, an electrode, or the like are alternately formed, as in the case of the back surface
heterojunction solar cell in the present embodiment, a large number of end portions of each layer are generated, as
illustrated in FIG. 13A. When a peel test or the like is performed in such a configuration, there is a possibility of
peeling from the end portion. However, it is preferable that a texture structure be formed on the front surface of the
semiconductor substrate 1, which causes an anchor effect and is likely to suppress peeling and the like. Furthermore,
by covering the electrode end portion that is most likely to peel with a protective film, peeling may be more effectively
suppressed, which is more preferable.

[0173]
Moreover, in the gap region G, the passivation film 3, the n-type amorphous semiconductor layer 4, and the
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p-type amorphous semiconductor layer 5 are covered by the protective film 8. As a result, long-term stability of the
photoelectric conversion element 10 is an effect that may be obtained.
[0174]

FIG. 13A is a plan view of the photoelectric conversion element 10 illustrated in FIG. 1 when viewed from
the back surface side. Referring to FIG. 13A(a), the n-type amorphous semiconductor layer 4 and the p-type
amorphous semiconductor layer 5 are alternately disposed at a desired interval in the in-plane direction of the
semiconductor substrate 1. Also, the electrodes 6 and 7 are disposed on the n-type amorphous semiconductor layer 4
and the p-type amorphous semiconductor layer 5, respectively. As a result, the gap region G is formed between the
adjacent electrodes 6 and 7.

[0175]

Referring to FIG. 13A(b), the protective film 8 is disposed on the gap region G and a peripheral region of the
semiconductor substrate 1. Also, the opening 8A having the width L is formed on the electrodes 6 and 7. The
electrodes 6 and 7 are connected to a wiring sheet via the opening 8A.

[0176]

Note that in FIG. 13A(b), a region is present that is not covered by the protective film § at a peripheral portion
of the semiconductor substrate 1, but in the photoelectric conversion element 10, the most preferable state is where
the entire surface of the back surface of the semiconductor substrate 1 is covered by the protective film, and a portion
of the electrodes 6 and 7 is exposed.

[0177]

FIG. 13B is a plan view of the wiring sheet. Referring to FIG. 13B, a wiring sheet 70 includes an insulating
substrate 710 and wiring materials 71 to 87.

[0178]

The insulating substrate 710 may be an electrically insulating material and may be used without particular
limitation. The insulating substrate 710 is composed of, for example, polyethylene terephthalate (PET), polyethylene
naphthalate (PEN), polyphenylene sulfide (PPS), polyvinylfluoride (PVF), polyimide, and the like.

[0179]

Furthermore, the film thickness of the insulating substrate 710 is not particularly limited, but is preferably 25
um or more and 150 pm or less. Also, the insulating substrate 710 may have a single-layer structure or a multilayer
structure of two or more layers.

[0180]

The wiring material 71 has a bus bar portion 711 and a finger portion 712. One end of the finger portion 712
is connected to the bus bar portion 711.

[0181]

The wiring material 72 has a bus bar portion 721 and finger portions 722 and 723. One end of the finger
portion 722 is connected to the bus bar portion 721. With respect to the bus bar portion 721, one end of the finger
portion 723 is connected to the bus bar portion 721 on the opposite side of the connection portion between the bus
bar portion 721 and the finger portion 722.

[0182]

The wiring material 73 has a bus bar portion 731 and finger portions 732 and 733. One end of the finger
portion 732 is connected to the bus bar portion 731. With respect to the bus bar portion 731, one end of the finger
portion 733 is connected to the bus bar portion 731 on the opposite side of the connection portion between the bus
bar portion 731 and the finger portion 732.

[0183]

The wiring material 74 has a bus bar portion 741 and finger portions 742 and 743. One end of the finger
portion 742 is connected to the bus bar portion 741. With respect to the bus bar portion 741, one end of the finger
portion 743 is connected to the bus bar portion 741 on the opposite side of the connection portion between the bus
bar portion 741 and the finger portion 742.

[0184]
The wiring material 75 has a bus bar portion 751 and finger portions 752 and 753. The finger portions 752
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and 753 are disposed adjacent in the length direction of the bus bar portion 751, and one end thereof is connected to
the bus bar portion 751 on the same side of the bus bar portion 751.
[0185]

The wiring material 76 has a bus bar portion 761 and finger portions 762 and 763. One end of the finger
portion 762 is connected to the bus bar portion 761. With respect to the bus bar portion 761, one end of the finger
portion 763 is connected to the bus bar portion 761 on the opposite side of the connection portion between the bus
bar portion 761 and the finger portion 762.

[0186]

The wiring material 77 has a bus bar portion 771 and finger portions 772 and 773. One end of the finger
portion 772 is connected to the bus bar portion 771. With respect to the bus bar portion 771, one end of the finger
portion 773 is connected to the bus bar portion 771 on the opposite side of the connection portion between the bus
bar portion 771 and the finger portion 772.

[0187]

The wiring material 78 has a bus bar portion 781 and finger portions 782 and 783. One end of the finger
portion 782 is connected to the bus bar portion 781. With respect to the bus bar portion 781, one end of the finger
portion 783 is connected to the bus bar portion 781 on the opposite side of the connection portion between the bus
bar portion 781 and the finger portion 782.

[0188]

The wiring material 79 has a bus bar portion 791 and finger portions 792 and 793. The finger portions 792
and 793 are disposed adjacent in the length direction of the bus bar portion 791, and one end thereof is connected to
the bus bar portion 791 on the same side of the bus bar portion 791.

[0189]

The wiring material 80 has a bus bar portion 801 and finger portions 802 and 803. One end of the finger
portion 802 is connected to the bus bar portion 801. With respect to the bus bar portion 801, one end of the finger
portion 803 is connected to the bus bar portion 801 on the opposite side of the connection portion between the bus
bar portion 801 and the finger portion 802.

[0190]

The wiring material 81 has a bus bar portion 811 and finger portions 812 and 813. One end of the finger
portion 812 is connected to the bus bar portion 811. With respect to the bus bar portion 811, one end of the finger
portion 813 is connected to the bus bar portion 811 on the opposite side of the connection portion between the bus
bar portion 811 and the finger portion 812.

[0191]

The wiring material 82 has a bus bar portion 821 and finger portions 822 and 823. One end of the finger
portion 822 is connected to the bus bar portion 821. With respect to the bus bar portion 821, one end of the finger
portion 823 is connected to the bus bar portion 821 on the opposite side of the connection portion between the bus
bar portion 821 and the finger portion 822.

[0192]

The wiring material 83 has a bus bar portion 831 and finger portions 832 and 833. The finger portions 832
and 833 are disposed adjacent in the length direction of the bus bar portion 831, and one end thereof is connected to
the bus bar portion 831 on the same side of the bus bar portion 831.

[0193]

The wiring material 84 has a bus bar portion 841 and finger portions 842 and 843. One end of the finger
portion 842 is connected to the bus bar portion 841. With respect to the bus bar portion 841, one end of the finger
portion 843 is connected to the bus bar portion 841 on the opposite side of the connection portion between the bus
bar portion 841 and the finger portion 842.

[0194]

The wiring material 85 has a bus bar portion 851 and finger portions 852 and 853. One end of the finger
portion 852 is connected to the bus bar portion 851. With respect to the bus bar portion 851, one end of the finger
portion 853 is connected to the bus bar portion 851 on the opposite side of the connection portion between the bus
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bar portion 851 and the finger portion 852.
[0195]

The wiring material 86 has a bus bar portion 861 and finger portions 862 and 863. One end of the finger
portion 862 is connected to the bus bar portion 861. With respect to the bus bar portion 861, one end of the finger
portion 863 is connected to the bus bar portion 861 on the opposite side of the connection portion between the bus
bar portion 861 and the finger portion 862.

[0196]

The wiring material 87 has a bus bar portion 871 and a finger portion 872. One end of the finger portion 872
is connected to the bus bar portion 871.

[0197]

The wiring material 71 is disposed on the insulating substrate 710 such that the finger portion 712 engages
with the finger portion 722 of the wiring material 72.

[0198]

The wiring material 72 is disposed on the insulating substrate 710 such that the finger portion 722 engages
with the finger portion 712 of the wiring material 71 and the finger portion 723 engages with the finger portion 732
of the wiring material 73.

[0199]

The wiring material 73 is disposed on the insulating substrate 710 such that the finger portion 732 engages
with the finger portion 723 of the wiring material 72 and the finger portion 733 engages with the finger portion 742
of the wiring material 74.

[0200]

The wiring material 74 is disposed on the insulating substrate 710 such that the finger portion 742 engages
with the finger portion 733 of the wiring material 73 and the finger portion 743 engages with the finger portion 752
of the wiring material 75.

[0201]

The wiring material 75 is disposed on the insulating substrate 710 such that the finger portion 752 engages
with the finger portion 743 of the wiring material 74 and the finger portion 753 engages with the finger portion 762
of the wiring material 76.

[0202]

The wiring material 76 is disposed on the insulating substrate 710 such that the finger portion 762 engages
with the finger portion 753 of the wiring material 75 and the finger portion 763 engages with the finger portion 772
of the wiring material 77.

[0203]

The wiring material 77 is disposed on the insulating substrate 710 such that the finger portion 772 engages
with the finger portion 763 of the wiring material 76 and the finger portion 773 engages with the finger portion 782
of the wiring material 78.

[0204]

The wiring material 78 is disposed on the insulating substrate 710 such that the finger portion 782 engages
with the finger portion 773 of the wiring material 77 and the finger portion 783 engages with the finger portion 792
of the wiring material 79.

[0205]

The wiring material 79 is disposed on the insulating substrate 710 such that the finger portion 792 engages
with the finger portion 783 of the wiring material 78 and the finger portion 793 engages with the finger portion 802
of the wiring material 80.

[0206]

The wiring material 80 is disposed on the insulating substrate 710 such that the finger portion 802 engages
with the finger portion 793 of the wiring material 79 and the finger portion 803 engages with the finger portion 812
of the wiring material 81.

[0207]
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The wiring material 81 is disposed on the insulating substrate 710 such that the finger portion 812 engages
with the finger portion 803 of the wiring material 80 and the finger portion 813 engages with the finger portion 822
of the wiring material 82.

[0208]

The wiring material 82 is disposed on the insulating substrate 710 such that the finger portion 822 engages
with the finger portion 813 of the wiring material 81 and the finger portion 823 engages with the finger portion 832
of the wiring material 83.

[0209]

The wiring material 83 is disposed on the insulating substrate 710 such that the finger portion 832 engages
with the finger portion 823 of the wiring material 82 and the finger portion 833 engages with the finger portion 842
of the wiring material 84.

[0210]

The wiring material 84 is disposed on the insulating substrate 710 such that the finger portion 842 engages
with the finger portion 833 of the wiring material 83 and the finger portion 843 engages with the finger portion 852
of the wiring material 85.

[0211]

The wiring material 85 is disposed on the insulating substrate 710 such that the finger portion 852 engages
with the finger portion 843 of the wiring material 84 and the finger portion 853 engages with the finger portion 862
of the wiring material 86.

[0212]

The wiring material 86 is disposed on the insulating substrate 710 such that the finger portion 862 engages
with the finger portion 853 of the wiring material 85 and the finger portion 863 engages with the finger portion 872
of the wiring material 87.

[0213]

The wiring material 87 is disposed on the insulating substrate 710 such that the finger portion 872 engages
with the finger portion 863 of the wiring material 86.

[0214]

Each of the wiring materials 71 to 87 may be electrically conductive and is not particularly limited. Each of
the wiring materials 71 to 87 is composed of, for example, Cu, Al, Ag, or an alloy mainly composed of any of these.
[0215]

Furthermore, the thickness of the wiring materials 71 to 87 is not particularly limited, but is ideally, for
example, 10 um or more and 80 pm or less. If less than 10 pm, wiring resistance increases, and if more than 80 pm,
warping occurs on the silicon substrate due to the difference in the coefficient of thermal expansion between the
wiring material and the silicon substrate due to heat applied when bonding to the photoelectric conversion element
10.

[0216]

The shape of the insulating substrate 710 is not limited to the shape illustrated in FIG. 13B and may be
changed as appropriate. Furthermore, a conductive material such as Ni, Au, Pt, Pd, Sn, In, ITO, or the like may be
formed on a portion of the front surfaces of the wiring materials 71 to 87. In this manner, a conductive material such
as Ni or the like is formed on a portion of the front surfaces of the wiring materials 71 to 87 to enhance the electrical
connection between the wiring materials 71 to 87 and the electrodes 6 and 7 of the photoelectric conversion element
10 and to improve the weather resistance of the wiring materials 71 to 87. Moreover, the wiring materials 71 to 87
may have a single layer structure or a multilayer structure.

[0217]

The photoelectric conversion element 10 is disposed on a region REG 1 such that the electrode 6 is connected
to the finger portion 712 of the wiring material 71 and the electrode 7 is connected to the finger portion 722 of the
wiring material 72, and the photoelectric conversion element 10 is disposed on a region REG 2 such that the electrode
6 is connected to the finger portion 723 of the wiring material 72 and the electrode 7 is connected to the finger portion
732 of the wiring material 73. Hereinafter, the photoelectric conversion element 10 is disposed on the wiring materials
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73 to 87 in the same manner. Sixteen photoelectric conversion elements 10 are thus connected in series.
[0218]

The electrodes 6 and 7 of the photoelectric conversion element 10 are connected to the wiring materials 71
to 87 by an adhesive. The adhesive is composed of, for example, one or more adhesive materials selected from the
group consisting of solder resin, solder, conductive adhesive, thermosetting Ag paste, low-temperature curing copper
paste, anisotropic conductive film (ACF), anisotropic conductive paste (ACP), and insulating adhesive (non-
conductive paste: NCP).

[0219]

For example, TCAP-5401-27 made by Tamura Corporation or the like may be used as the solder resin.
[0220]

Epoxy resin, acrylic resin, urethane resin, or the like may be used as the insulating adhesive, and thermosetting
and light-curing resins may be used.

[0221]

Solder particles or the like containing at least one of tin or bismuth may be used as the conductive adhesive.
More preferably, the conductive adhesive is an alloy of tin and bismuth, indium, silver, or the like. Thus, the solder
melting point may be suppressed, and the adhesion process may be performed at low temperatures.

[0222]

When the photoelectric conversion element 10, having the protective film 8 formed on the n-type amorphous
semiconductor layer 4, the p-type amorphous semiconductor layer 5, and the electrodes 6 and 7, is used, an inorganic
insulating film on the electrodes 6 and 7 and an inorganic insulating film on the n-type amorphous semiconductor
layer 4 and the p-type amorphous semiconductor layer 5 are present, and the foundations of these two inorganic
insulating films are different. In the photoelectric conversion element 10, inorganic insulating films having different
foundations are continuously formed. In this situation, when thermal history is applied to an inorganic insulating film
having a different foundation, peeling of the inorganic insulating film or the like may occur due to a difference in the
coefficient of thermal expansion of the foundation.

[0223]

Accordingly, a thermal process at a low temperature, particularly at 200°C or lower, is preferable, and as a
result, a thermosetting Ag paste, a low-temperature curing copper paste, anisotropic conductive film, and anisotropic
conductive paste that is able to be cured and electrically bonded at low temperatures are particularly preferable.
[0224]

As described above, the photoelectric conversion element 10 disposed on the wiring sheet 70 is disposed
between an ethylene vinyl acetate resin (EVA resin) disposed on a glass substrate and an EVA resin disposed on a
PET film. Also, the EVA resin on the glass substrate side is crimped onto the photoelectric conversion element 10
by vacuum crimping using a laminator device, and the EVA resin on the PET film side is crimped onto the
photoelectric conversion element 10; heating is performed in this state at 125°C to carry out curing. Thus, the
photoelectric conversion element 10 to which the wiring sheet 70 is attached may be sealed in the EVA resin cured
between the glass substrate and the PET film to produce a solar cell module.

[0225]

Note that in embodiment 1 described above, an example is described in which the p-type amorphous
semiconductor layer 5 is formed after the n-type amorphous semiconductor layer 4 is formed; however, the n-type
amorphous semiconductor layer 4 may be formed after the p-type amorphous semiconductor layer 5 has been formed.
In this case, the alignment mark includes the same semiconductor layer as the p-type amorphous semiconductor layer
5, and the same semiconductor layer as the n-type amorphous semiconductor layer 4 is deposited at an upper portion
of the alignment mark.

[0226]

Furthermore, in embodiment 1 described above, an example is described in which a texture structure is
formed on the entire surface of the back surface of the semiconductor substrate 1; however, the texture structure may
be formed at least below a boundary (outer edge portion) of a region in which n-type amorphous silicon is formed at
the alignment mark 4M. Even in this configuration, the reflectance of the boundary portion of the n-type amorphous
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silicon at the alignment mark 4M is substantially uniform, and thus the position of the alignment mark 4M may be
reliably recognized using an optical microscope.
[0227]

Furthermore, the smaller the difference in film thickness between the alignment mark 4M and the other
regions, the more difficult it is to recognize the boundary between the alignment mark 4M and the other regions;
however, by forming the texture structure under the boundary (outer edge) portion of the region where the n-type
amorphous silicon is formed at the alignment mark 4M, visibility of the boundary portion of the n-type amorphous
silicon at the alignment mark 4M is increased, and recognition accuracy of the alignment mark 4M is improved. As
a result, the film thickness of the n-type amorphous semiconductor layer 4 may be made thinner, the series resistance
in the n-type amorphous semiconductor layer 4 may be made smaller, and a higher conversion efficiency may be
achieved.

[0228]
[Embodiment 2]

The present embodiment differs from embodiment 1 in that a texture structure is formed on a portion of a
back surface of a semiconductor substrate 1, and an alignment mark 4M is not formed. Configurations that differ
from embodiment 1 will be described below.

[0229]

As illustrated in FIG. 14A, an n-type amorphous semiconductor layer 4 and a p-type amorphous
semiconductor layer 5 are formed on a back surface of a semiconductor substrate 1A according to the present
embodiment, and the alignment mark 4M is not formed in a region different from the region in which the n-type
amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5 are formed. Furthermore, in the
present embodiment, in FIG. 14A, a texture structure similar to that in embodiment 1 described above is formed in
the portion indicated by dashed-line frames P1 and P2 on the back surface of the semiconductor substrate 1A
(hereinafter referred to as the texture region). Also, a portion of each boundary of one set of the adjacent n-type
amorphous semiconductor layer 4 and p-type amorphous semiconductor layer 5 overlaps on each texture region P1
and P2. A dashed-line portion 41M of the n-type amorphous semiconductor layer 4 formed on the texture regions P1
and P2 is one example of a light scattering layer and functions as an alignment part.

[0230]

In the present embodiment, each of the steps illustrated in FIG. 14B(b1) to (b5) is performed in place of the
step in FIG. 6(b) of embodiment 1 described above. Specifically, in the step in FIG. 14B(bl), a protective film 90
composed of SiOz is formed on the entire surface of a back surface of a semiconductor substrate 1' by a sputtering
method. Also, a resist 91 is coated onto the protective film 90 and patterning is performed to remove the resist 91 at
a predetermined region and form an opening 91a (step (b2) in FIG. 14).

[0231]

Following, the protective film 90 at the opening 91a is etched using hydrofluoric acid using the resist 91 as a
mask to form an opening 90'a, thereby removing the resist 91 (step (b3) in FIG. 14). Also, anisotropic etching similar
to that in embodiment 1 described above is performed on a portion of the opening 90'a on the back surface side of
the semiconductor substrate 1' and the light-receiving surface side of the semiconductor substrate 1' to form a texture
structure (step (b4) in FIG. 14). Following, a protective film 90' on the back surface side of the semiconductor
substrate 1' is etched using hydrofluoric acid to form the semiconductor substrate 1A (step (bS) in FIG. 14). Thus,
the texture structure is formed on the entire surface of the light-receiving surface side of the semiconductor substrate
1A and a portion of the regions P1 and P2 on a portion of the back surface side. Thereafter, the steps in FIG. 6(c) to
FIG. 10(m) are performed in a similar manner to embodiment 1.

[0232]

Note that in the present embodiment, in step (e) in FIG. 7, a shadow mask (illustration omitted) having only
the opening 30a similar to the shadow mask 30 is used as the shadow mask for forming the n-type amorphous
semiconductor layer 4. In the present embodiment, a portion of one long side of one opening 30a in the shadow mask
is disposed so as to overlap a portion of the dashed-line frames P1 and P2 in FIG. 14A to form the n-type amorphous
semiconductor layer 4. As a result, the alignment mark 41M composed of a portion of the n-type amorphous
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semiconductor layer 4 is formed on the texture structure formed in the dashed-line frames P1 and P2.
[0233]

Furthermore, in the present embodiment, in the step in FIG. 8(g), a shadow mask (illustration omitted) having
only an opening 40a similar to the shadow mask 40 is used as the shadow mask for forming the p-type amorphous
semiconductor layer 5. Since the texture structure is formed below the alignment mark 41M, the reflectance of the
portion of the alignment mark 41M becomes substantially uniform, and the position of the alignment mark 41M may
be determined using an optical microscope. Thus, in the present embodiment, after the shadow mask is disposed so
that the opening 40a overlaps the n-type amorphous semiconductor layer 4 based on the alignment mark 41M, the
shadow mask is shifted by a width of a gap region G along a sequence direction of the n-type amorphous
semiconductor layer 4.

[0234]

As aresult, the p-type amorphous semiconductor layer 5 is formed at position separated by a uniform distance
from the n-type amorphous semiconductor layer 4, and a portion of each boundary of one set of the adjacent n-type
amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5 is disposed in each of the texture
regions P1 and P2. Note that after the p-type amorphous semiconductor layer 5 is formed, each step in FIG. 8(h) to
FIG. 10(m) is performed in the same manner as in embodiment 1.

[0235]

The reflectance of the texture regions P1 and P2 in the semiconductor substrate 1A is substantially uniform.
Therefore, by observing portions of the texture regions P1 and P2 using an optical microscope, the respective
boundaries of the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5 may be
recognized. As a result, after the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor
layer 5 are formed, the position where the n-type amorphous semiconductor layer 4 and the p-type amorphous
semiconductor layer 5 are formed may be confirmed, and it is possible to inspect whether the n-type amorphous
semiconductor layer 4 and the p-type amorphous semiconductor layer 5 are formed at an appropriate position.
[0236]

That is, the portion where the boundary between the n-type amorphous semiconductor layer 4 and the p-type
amorphous semiconductor layer 5 is formed in the texture regions P1 and P2 is a light scattering layer, and functions
as an inspection unit for inspecting the position where the n-type amorphous semiconductor layer 4 and the p-type
amorphous semiconductor layer 5 are formed.

[0237]

Note that although it is preferable to have a plurality of texture regions present on the back surface of the
semiconductor substrate 1A from the perspective of inspection accuracy, it is sufficient that at least one texture region
is present. When a plurality of texture regions is formed, misalignment when disposing each shadow mask for
forming each of the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5 may
be more accurately recognized compared to when one texture region is formed. Furthermore, in the present
embodiment, the alignment mark 41M is a portion of the n-type amorphous semiconductor layer 4, and thus the ratio
occupied by the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5 at the
semiconductor substrate 1A may be increased compared to that of embodiment 1, thereby improving the conversion
efficiency of a photoelectric conversion element.

[0238]

Note that although FIG. 14A illustrates an example in which a texture region is formed on the back surface
of the semiconductor substrate 1A under each boundary portion of a set of the adjacent n-type amorphous
semiconductor layer 4 and p-type amorphous semiconductor layer 5, as illustrated in FIG. 14C, the texture region
may be formed in a region P3 indicated by a dashed-line frame overlapping one long side of at least one of the n-type
amorphous semiconductor layers 4. Alternatively, the texture region may be formed in a region overlapping a portion
of one long side of the n-type amorphous semiconductor layer 4. In essence, the texture region may be formed on the
entire region where the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5
are formed on the back surface of the semiconductor substrate 1A, or the texture region may be formed at a position
overlapping at least a portion of one long side of at least one of the n-type amorphous semiconductor layers 4. Note
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that in the example in FIG. 14C, a dashed-line portion 42M of the n-type amorphous semiconductor layer 4 formed
in the texture region P3 functions as an alignment part and also functions as an inspection unit.
[0239]

Furthermore, the foregoing example is one in which the n-type amorphous semiconductor layer 4 is formed
and then the p-type amorphous semiconductor layer 5 is formed; however, the n-type amorphous semiconductor layer
4 may be formed after the p-type amorphous semiconductor layer 5 has been formed. In this case, the texture structure
may be formed in a region overlapping one long side or a portion of a long side of at least one of the p-type amorphous
semiconductor layers 5.

[0240]
[Embodiment 3]

The present embodiment differs from embodiment 1 in that a texture structure is formed on a portion of a
semiconductor substrate 1, a shadow mask different from the shadow mask 30 is used, and an n-type amorphous
semiconductor layer 4 and individual identification information for identifying a photoelectric conversion element
10 are formed.

[0241]

FIG. 15A is a schematic view illustrating a shadow mask 3100 according to the present embodiment for
forming the n-type amorphous semiconductor layer 4. As illustrated in FIG. 15A, the shadow mask 3100 has a
plurality of openings 30a for forming the n-type amorphous semiconductor layer 4 and an opening region 30c
composed of a plurality of openings 3001 for forming individual identification information of the photoelectric
conversion element 10. The individual identification information is information indicating, for example, the time of
manufacture, place of manufacture, and the like of the photoelectric conversion element 10, and the arrangement and
number of openings 3001 at the shadow mask 3100 differ depending on the photoelectric conversion element 10
being manufactured.

[0242]

In the present embodiment, in place of step (a) in FIG. 6 of embodiment 1, a texture structure is formed on a
portion of a back surface of a semiconductor substrate 1' and a texture structure is formed on the entire surface of a
light-receiving surface of the semiconductor substrate 1' according to steps similar to steps (b1) to (b5) in FIG. 14B
of embodiment 2 described above. Thereafter, the steps in FIG. 6(c) to FIG. 10(m) are performed in a similar manner
to embodiment 1.

[0243]

Note that in the present embodiment, in step (e) illustrated in FIG. 7, the shadow mask 3100 is disposed on a
passivation film 3 in place of the shadow mask 30. Specifically, the shadow mask 3100 is disposed so that the opening
region 30c of the shadow mask 3100 is disposed on the region where the texture structure is formed, and n-type
amorphous silicon is deposited. As a result, n-type amorphous silicon is deposited on a portion of the opening 30a
and the opening region 30c of the shadow mask 3100, and the n-type amorphous semiconductor layer 4 and the
individual identification information are formed.

[0244]

After the n-type amorphous semiconductor layer 4 and the individual identification information are formed,
in step (g) illustrated in FIG. 8, a shadow mask 3200 illustrated in FIG. 15B is disposed in place of the shadow mask
40 to form a p-type amorphous semiconductor layer 5. The shadow mask 3200 has an opening 40a similar to the
shadow mask 40 and a mask alignment mark 40c. The inside of the mask alignment mark 40c is not open, and has
four convex portions 402c to 405¢ at positions in contact with a dashed-line frame 401c corresponding to the openings
3001 of'the four corners at the opening region 30c of the shadow mask 3100. In the present embodiment, the shadow
mask 3200 is disposed by aligning the four convex portions 402¢ to 405¢ of the mask alignment mark 40c of the
shadow mask 3200 so as to contact a portion of the individual identification information formed by the four corner
openings 3001 on the shadow mask 3100.

[0245]

The texture structure is formed below the region where the individual identification information is formed,

and the reflectance is substantially uniform, and thus a portion of the individual identification information that serves
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as a reference for alignment may be determined using an optical microscope. That is, the region where the individual
identification information is formed in the semiconductor substrate 1 functions as an alignment part. Thus, the
opening 40a of the shadow mask 3200 is disposed at a position that is a uniform distance from the n-type amorphous
semiconductor layer 4. Note that after the p-type amorphous semiconductor layer 5 is formed, each of steps (h) to
(m) illustrated in FIG. 8 to FIG. 10 is performed in a similar manner as in embodiment 1.

[0246]

For each instance of manufacturing the photoelectric conversion element 10, the n-type amorphous
semiconductor layer 4 is formed using a shadow mask in which the positional relationship of the opening 3001 at the
opening region 30c is different, whereby individual identification information for each photoelectric conversion
element is formed on the back surface of the semiconductor substrate 1. Since the texture structure is formed on the
semiconductor substrate 1 below the region where the individual identification information is formed, the individual
identification information may be recognized using an optical microscope after manufacturing the photoelectric
conversion element 10, and individual photoelectric conversion elements 10 may be determined.

[0247]

Note that in the foregoing example, the example described is one in which the shadow mask 3100 for forming
the n-type amorphous semiconductor layer 4 is used to form individual identification information composed of n-
type amorphous silicon; however, the shadow mask for forming the p-type amorphous semiconductor layer 5 may
be further used to form individual identification information in which identification information composed of n-type
amorphous silicon and identification information composed of p-type amorphous silicon are combined. That is, for
example, as illustrated in FIG. 16, the n-type amorphous semiconductor layer 4 and the p-type amorphous
semiconductor layer 5 may be alternately formed adjacent to each other on the back surface of a semiconductor
substrate 1B, and individual identification information S may be formed in which identification information 4s
composed of n-type amorphous silicon and identification information 5s composed of p-type amorphous silicon are
combined.

[0248]

In this case, in step (e) in FIG. 7 in embodiment 1 described above, in a similar manner to the shadow mask
3100, the n-type amorphous silicon is deposited using a shadow mask provided with the opening 30a for forming the
n-type amorphous semiconductor layer 4 and the opening 3001 for forming the identification information 4s
composed of n-type amorphous silicon. Furthermore, in step (g) in FIG. 8, p-type amorphous silicon is deposited
using a shadow mask having an opening 40a similar to that of the shadow mask 3200 and an opening for forming the
identification information 5s inside the mask alignment mark 40c of the shadow mask 3200. That is, this shadow
mask differs from the shadow mask 3200 in that an opening for forming the identification information 5s is provided
inside the mask alignment mark 40c. As a result, as illustrated in FIG. 16, the individual identification information S
composed of the identification information 4s and the identification information Ss is formed on the back surface of
the semiconductor substrate 1B together with the n-type amorphous semiconductor layer 4 and the p-type amorphous
semiconductor layer 5.

[0249]
[Embodiment 4]

FIG. 17 is a cross-sectional view illustrating a configuration of the photoelectric conversion element
according to the present embodiment. In FIG. 17, configurations similar to that of embodiment 1 are denoted by the
same reference numerals as that the configuration of embodiment 1. As illustrated in FIG. 17, a photoelectric
conversion element 20 according to the present embodiment differs from the photoelectric conversion element 10 in
that passivation films 301 and 302 are provided in place of the passivation film 3 of the photoelectric conversion
element 10.

[0250]

The passivation film 301 is disposed in contact with a back surface of a semiconductor substrate 1 and on the

back surface of the semiconductor substrate 1.
[0251]
The passivation film 302 is disposed in contact with the back surface of the semiconductor substrate 1 and on
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the back surface of the semiconductor substrate 1 as well as adjacent to the passivation film 301 in an in-plane
direction of the semiconductor substrate 1.
[0252]

That is, the passivation films 301 and 302 are alternately disposed in the in-plane direction of the
semiconductor substrate 1.

[0253]

An n-type amorphous semiconductor layer 4 is disposed in contact with the passivation film 301 and on the
passivation film 301.

[0254]

A p-type amorphous semiconductor layer 5 is disposed in contact with the passivation film 302 and on the
passivation film 302.

[0255]

As aresult of the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5
being disposed on the passivation films 301 and 302, respectively, the n-type amorphous semiconductor layer 4 and
the p-type amorphous semiconductor layer 5 are alternately disposed in the in-plane direction of the semiconductor
substrate 1.

[0256]

A protective film 8 is formed on electrodes 6 and 7 in contact with the passivation films 301 and 302, the n-
type amorphous semiconductor layer 4, the p-type amorphous semiconductor layer 5, the electrodes 6 and 7, and a
portion of the back surface of the semiconductor substrate 1.

[0257]

Each of the passivation films 301 and 302 is composed of the same material as the passivation film 3 and has
the same film thickness as the passivation film 3. Note that a film thickness of the passivation film 301 may be the
same as or different from a film thickness of the passivation film 302.

[0258]

FIGS. 18 to 21 are respective step diagrams illustrating the method for manufacturing the photoelectric
conversion element 20 illustrated in FIG. 17.

[0259]

In the present embodiment, first, each of the steps (a) to (c) in FIG. 6 and (d) in FIG. 7 described above are
performed sequentially, after which a shadow mask 310 is disposed on the back surface of the semiconductor
substrate 1 (see step (e) in FIG. 18). The shadow mask 310 is composed of the same material as the shadow mask 30
described above and has the openings 30a and 30b (see FIG. 8A) similar to the shadow mask 30.

[0260]

Furthermore, the passivation film 301, which is composed of an i-type amorphous silicon, the n-type
amorphous semiconductor layer 4, which is composed of an n-type amorphous silicon, and the alignment mark 4M
are sequentially deposited onto the back surface of the semiconductor substrate 1 via the shadow mask 310 by the
plasma CVD method (see step (f) in FIG. 18). The formation conditions of the i-type amorphous silicon and the n-
type amorphous silicon are as described in embodiment 1. Thereby, the passivation film 301 is formed under the n-
type amorphous semiconductor layer 4 and the alignment mark 4M. During the formation of the passivation film
301, the n-type amorphous semiconductor layer 4, and the alignment mark 4M, a laminated film 311 of an i-type
amorphous silicon / n-type amorphous silicon is formed on the shadow mask 310.

[0261]

After step (f) in FIG. 18, a shadow mask 320 is disposed on the n-type amorphous semiconductor layer 4 and
the alignment mark 4M (see step (g) in FIG. 18). The shadow mask 320 is also composed of the same material as the
shadow mask 40 described above, and has the opening 40a and the alignment opening 40b (see FIG. 11B) similar to
the shadow mask 40. In the present embodiment, similarly to embodiment 1, the alignment opening 40b in the shadow
mask 320 is aligned with the alignment mark 4M formed on the back surface of the semiconductor substrate 1, and
the shadow mask 320 is disposed on the n-type amorphous semiconductor layer 4. In the present embodiment, in the
other regions where the alignment mark 4M and the n-type amorphous semiconductor layer 4 are not formed, the
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passivation film 301 is not formed. Therefore, a film thickness of the portion where the alignment mark 4M and the
n-type amorphous semiconductor layer 4 are formed is thicker than that in embodiment 1. As a result, contrast of the
alignment mark 4M is higher than in embodiment 1, recognition accuracy of the alignment mark 4M when observed
under an optical microscope is improved, and the shadow mask 320 can be more reliably disposed at an appropriate
position.

[0262]

Furthermore, the passivation film 302, which is composed of an i-type amorphous silicon, and the p-type
amorphous semiconductor layer 5, which is composed of an n-type amorphous silicon, are sequentially deposited
onto the back surface of the semiconductor substrate 1 via the shadow mask 320 by the plasma CVD method (see
step (h) in FIG. 19). The formation conditions of the i-type amorphous silicon and the p-type amorphous silicon are
as described in embodiment 1. Through formation of the passivation film 302 and the p-type amorphous
semiconductor layer 5, a laminated film 51M of an i-type amorphous silicon / p-type amorphous silicon is formed on
the alignment mark 4M, and a laminated film 321 of an i-type amorphous silicon / p-type amorphous silicon is formed
on the shadow mask 320.

[0263]

After step (h) in FIG. 19, a shadow mask 330 is disposed (see step (i) in FIG. 19). The shadow mask 330 is
composed of the same material as that of the shadow mask 30 described above.
[0264]

Furthermore, the electrodes 6 and 7 are respectively formed on the n-type amorphous semiconductor layer 4
and the p-type amorphous semiconductor layer 5 via the shadow mask 330 (see step (j) in FIG. 20).

[0265]

Thereafter, a shadow mask 340 is disposed (see step (k) in FIG. 20). The shadow mask 340 is composed of
the same material as that of the shadow mask 30 described above.
[0266]

Furthermore, the protective film 8 is formed on the electrodes 6 and 7 via the shadow mask 340. Thus, the
photoelectric conversion element 20 is completed (see step (1) in FIG. 21). The photoelectric conversion element 20
is modularized using the wiring sheet 70 described above. Note that the other descriptions in the present embodiment
are the same as those in embodiment 1.

[0267]

As such, prior to forming the p-type amorphous semiconductor layer 5 in the present embodiment, in the
other regions where the alignment mark 4M and the n-type amorphous semiconductor layer 4 are not formed, the
passivation film 301 is not formed. Therefore, a film thickness of the alignment mark 4M portion is thicker than that
of the other regions, and contrast of the alignment mark 4M portion is higher than that of the other regions. As a
result, when forming the p-type amorphous semiconductor layer 5, the alignment mark 4M can be more reliably
recognized by an optical microscope, and the convex portion of the alignment opening 40b of the shadow mask 320
can be aligned with the alignment mark 4M. Therefore, the n-type amorphous semiconductor layer 4 and the p-type
amorphous semiconductor layer 5 can be more reliably formed at appropriate positions compared to embodiment 1,
in which the passivation film 3 is formed on the entire back surface of the semiconductor substrate 1.

[0268]
[Embodiment 5]

FIG. 22 is a schematic view illustrating a configuration of a photoelectric conversion module provided with
a photoelectric conversion element according to this embodiment. Referring to FIG. 22, a photoelectric conversion
module 1000 is provided with a plurality of photoelectric conversion elements 1001, a cover 1002, and output
terminals 1003 and 1004.

[0269]

The plurality of photoelectric conversion elements 1001 is arranged in an array and connected in series. Note
that rather than being connected in series, the plurality of photoelectric conversion elements 1001 may be connected
in parallel, or may be connected in a combination of in series and in parallel.

[0270]

SEG Solar, EX1009, Page 83



(34) JP WO0O2016/129481 A1 2016.8.18

Furthermore, the respective plurality of photoelectric conversion elements 1001 is composed of the
photoelectric conversion elements 10 and 20.

[0271]

The cover 1002 is composed of a weather-resistant cover and covers the plurality of photoelectric conversion
elements 1001. The cover 1002 includes, for example, a transparent base material (for example, a glass or the like)
provided on the light-receiving surface side of the photoelectric conversion elements 1001, a back surface base
material (for example, a glass, a resin sheet, or the like) provided on the back surface side opposite to the light-
receiving surface side of the photoelectric conversion elements 1001, and a sealing material (for example, EVA or
the like) for filling a gap between the transparent base material and a back base material.

[0272]

The output terminal 1003 is connected to a photoelectric conversion element 1001 which is disposed at one
end of the plurality of photoelectric conversion elements 1001 that is connected in series.
[0273]

The output terminal 1004 is connected to a photoelectric conversion element 1001 which is disposed at the
other end of the plurality of photoelectric conversion elements 1001 that is connected in series.
[0274]

As described above, photoelectric conversion efficiency of the photoelectric conversion elements 10 and 20
is improved. Accordingly, photoelectric conversion efficiency of the photoelectric conversion module 1000 may be
improved.

[0275]

Note that the number of the photoelectric conversion elements 1001 which is included in the photoelectric
conversion module 1000 is any integer greater than or equal to 2.

[0276]

In addition, the photoelectric conversion module according to the present embodiment is not limited to the
configuration illustrated in FIG. 22, and may have any configuration as long as either of the photoelectric conversion
elements 10 and 20 is used.

[0277]
[Embodiment 6]

FIG. 23 is a schematic view illustrating a configuration of a solar power generation system provided with a
photoelectric conversion element according to this embodiment.
[0278]

Referring to FIG. 23, a solar power generation system 1100 includes a photoelectric conversion module array
1101, a junction box 1102, a power conditioner 1103, a distribution board 1104, and a power meter 1105.

[0279]

The junction box 1102 is connected to the photoelectric conversion module array 1101. The power
conditioner 1103 is connected to the junction box 1102. The distribution board 1104 is connected to the power
conditioner 1103 and an electrical device 1110. The power meter 1105 is connected to the distribution board 1104
and a system linkage.

[0280]

The photoelectric conversion module array 1101 converts sunlight into electricity to generate DC power, and
supplies the generated DC power to the junction box 1102.

[0281]

The junction box 1102 receives the DC power generated by the photoelectric conversion module array 1101
and supplies the received DC power to the power conditioner 1103.

[0282]

The power conditioner 1103 converts the DC power received from the junction box 1102 into AC power, and
supplies the converted AC power to the distribution board 1104.

[0283]
The distribution board 1104 supplies the AC power received from the power conditioner 1103 and/or
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commercial power received via the power meter 1105 to the electrical device 1110. In addition, when the AC power
received from the power conditioner 1103 is greater than a power consumption of the electrical device 1110, the
distribution board 1104 supplies the excess AC power to the system linkage via the power meter 1105.

[0284]

The power meter 1105 measures power in the direction from the system linkage to the distribution board
1104, and also measures power in the direction from the distribution board 1104 to the system linkage.

[0285]

FIG. 24 is a schematic view illustrating a configuration of the photoelectric conversion module array 1101
illustrated in FIG. 23.

[0286]

Referring to FIG. 24, the photoelectric conversion module array 1101 includes a plurality of photoelectric
conversion modules 1120, and output terminals 1121 and 1122.

[0287]

The plurality of photoelectric conversion modules 1120 is arranged in an array and connected in series. Note
that rather than being connected in series, the plurality of photoelectric conversion modules 1120 may be connected
in parallel, or may be connected in a combination of in series and in parallel. Furthermore, the respective plurality of
photoelectric conversion modules 1120 is composed of the photoelectric conversion module 1000 illustrated in FIG.
22.

[0288]

The output terminal 1121 is connected to a photoelectric conversion module 1120 which is positioned at one
end of the plurality of photoelectric conversion modules 1120 that is connected in series.
[0289]

The output terminal 1122 is connected to a photoelectric conversion module 1120 which is positioned at the
other end of the plurality of photoelectric conversion modules 1120 that is connected in series.
[0290]

Note that the number of the photoelectric conversion modules 1120 which is included in the photoelectric
conversion module array 1101 is any integer greater than or equal to 2.

[0291]

An operation of the solar power generation system 1100 will be described. The photoelectric conversion
module array 1101 converts sunlight into electricity to generate DC power, and supplies the generated DC power to
the power conditioner 1103 via the junction box 1102.

[0292]

The power conditioner 1103 converts the DC power received from the photoelectric conversion module array
1101 into AC power, and supplies the converted AC power to the distribution board 1104.

[0293]

When the AC power received from the power conditioner 1103 is equal to or greater than the power
consumption of the electrical device 1110, the distribution board 1104 supplies the AC power received from the
power conditioner 1103 to the electrical device 1110. Furthermore, the distribution board 1104 supplies excess AC
power to the system linkage via the power meter 1105.

[0294]

In addition, when the AC power received from the power conditioner 1103 is less than the power consumption
of the electrical device 1110, the distribution board 1104 supplies the AC power received from the system linkage
and the AC power received from the power conditioner 1103 to the electrical device 1110.

[0295]

As described above, the solar power generation system 1100 is provided with either of the photoelectric
conversion elements 10 and 20, which have excellent photoelectric conversion efficiency. Accordingly, photoelectric
conversion efficiency of the solar power generation system 1100 can be improved.

[0296]
FIG. 25 is a schematic view illustrating a configuration of another solar power generation system provided
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with a photoelectric conversion element according to this embodiment.
[0297]

A solar power generation system which is provided with the photoelectric conversion element according to
this embodiment may be a solar power generation system 1100A, which is illustrated in FIG. 25.

[0298]

Referring to FIG. 25, the solar power generation system 1100A has a storage battery 1106 added to the solar
power generation system 1100 illustrated in FIG. 23, and is otherwise the same as the solar power generation system
1100.

[0299]

The storage battery 1106 is connected to the power conditioner 1103.
[0300]

In the solar power generation system 1100A, the power conditioner 1103 appropriately converts a portion or
all of the DC power received from the junction box 1102, and stores the power in the storage battery 1106.

[0301]

The power conditioner 1103 otherwise performs the same operations as in the solar power generation system
1100.

[0302]

The storage battery 1106 stores the DC power received from the power conditioner 1103. In addition, the
storage battery 1106 supplies the stored power to the power conditioner 1103 as appropriate in accordance with the
status of an amount of power generated by the photoelectric conversion module array 1101 and/or an amount of
power consumed by the electrical device 1110.

[0303]

As such, because the solar power generation system 1100A is provided with the storage battery 1106, an
output fluctuation due to a variation in an amount of sunlight can be suppressed, and the power stored in the storage
battery 1106 can be supplied to the electrical device 1110 even during a period of time without sunlight.

[0304]

Note that the storage battery 1106 may be built into the power conditioner 1103.
[0305]

In addition, the solar power generation system according to the present embodiment is not limited to the
configurations illustrated in FIGS. 23 and 24, or the configurations illustrated in FIGS. 24 and 25, and may be of any
configuration as long as either of the photoelectric conversion elements 10 and 20 is used.

[0306]
[Embodiment 7]

FIG. 26 is a schematic view illustrating a configuration of a solar power generation system provided with a
photoelectric conversion element according to this embodiment.
[0307]

Referring to FIG. 26, a solar power generation system 1200 is provided with subsystems 1201 to 120n (n
being an integer of two or more), power conditioners 1211 to 121n, and a transformer 1221. The solar power
generation system 1200 is a solar power generation system of a larger scale than that of the solar power generation
systems 1100 and 1100A illustrated in FIGS. 23 and 25.

[0308]

The power conditioners 1211 to 121n are respectively connected to subsystems 1201 to 120n.
[0309]

The transformer 1221 is connected to the power conditioners 1211 to 121n and a system linkage.
[0310]

The respective subsystems 1201 to 120n are composed of module systems 1231 to 123j (j being an integer of
two or more).

[0311]
The respective module systems 1231 to 123j include photoelectric conversion module arrays 1301 to 1301 (i
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being an integer of two or more), junction boxes 1311 to 1311, and a PV combiner box 1321.
[0312]

The respective photoelectric conversion module arrays 1301 to 1301 are composed of the same configuration
as that of the photoelectric conversion module array 1101 illustrated in FIG. 23.

[0313]

The junction boxes 1311 to 131i are respectively connected to the photoelectric conversion module arrays
1301 to 130i.

[0314]

The PV combiner box 1321 is connected to the junction boxes 1311 to 131i. In addition, a j number of the
PV combiner box 1321 of the subsystem 1201 are connected to the power conditioner 1211. A j number of the PV
combiner box 1321 of a subsystem 1202 are connected to a power conditioner 1212. Likewise hereinafter, a j number
of the PV combiner box 1321 of the subsystem 120n are connected to the power conditioner 121n.

[0315]

An i number of the photoelectric conversion module arrays 1301 to 130i of the module system 1231 convert
sunlight into electricity to generate DC power, and respectively supply the generated DC power to the PV combiner
box 1321 via the junction boxes 1311 to 131i. An i number of the photoelectric conversion module arrays 1301 to
1301 of a module system 1232 convert sunlight into electricity to generate DC power, and respectively supply the
generated DC power to the PV combiner box 1321 via the junction boxes 1311 to 131i. Similarly hereinafter, an i
number of the photoelectric conversion module arrays 1301 to 1301 of the module system 123j convert sunlight into
electricity to generate DC power, and respectively supply the generated DC power to the PV combiner box 1321 via
the junction boxes 1311 to 131i.

[0316]

Furthermore, the j number of the PV combiner box 1321 of the subsystem 1201 supply DC power to the
power conditioner 1211.

[0317]

The j number of the PV combiner box 1321 of the subsystem 1202 similarly supply DC power to the power
conditioner 1212.

[0318]

Similarly hereinafter, the j number of the PV combiner box 1321 of the subsystem 120n supply DC power to
the power conditioner 121n.
[0319]

The power conditioners 1211 to 121n convert the DC power received from the subsystems 1201 to 120n into
AC power, and supply the converted AC power to the transformer 1221.

[0320]

The transformer 1221 receives the AC power from the power conditioners 1211 to 121n, converts a voltage
level of the received AC power, and supplies the power to the system linkage.
[0321]

As described above, the solar power generation system 1200 is provided with either of the photoelectric
conversion elements 10 and 20, which have excellent photoelectric conversion efficiency. Accordingly, photoelectric
conversion efficiency of the solar power generation system 1200 can be improved.

[0322]

FIG. 27 is a schematic view illustrating a configuration of another solar power generation system provided
with a photoelectric conversion element according to this embodiment.
[0323]

A solar power generation system which is provided with the photoelectric conversion element according to
this embodiment may be a solar power generation system 1200A, which is illustrated in FIG. 27.

[0324]

Referring to FIG. 27, the solar power generation system 1200A has storage batteries 1241 to 124n added to
the solar power generation system 1200 illustrated in FIG. 26, and is otherwise the same as the solar power generation
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system 1200.
[0325]

The storage batteries 1241 to 124n are respectively connected to the power conditioners 1211 to 121n.
[0326]

In the solar power generation system 1200A, the power conditioners 1211 to 121n convert the DC power
received from the subsystems 1201 to 120n into AC power, and supply the converted AC power to the transformer
1221. In addition, the power conditioners 1211 to 121n respectively convert the DC power received from the
subsystems 1201 to 120n as appropriate, and store the converted DC power in the storage batteries 1241 to 124n,
respectively.

[0327]

The storage batteries 1241 to 124n respectively supply the stored power to the power conditioners 1211 to
121n according to an amount of DC power from the subsystems 1201 to 120n.
[0328]

As such, because the solar power generation system 1200A is provided with the storage batteries 1241 to
124n, an output fluctuation due to a variation in an amount of sunlight can be suppressed, and the power stored in the
storage batteries 1241 to 124n can be supplied to the transformer 1221 even during a period of time without sunlight.
[0329]

Note that the storage batteries 1241 to 124n may respectively be built into the power conditioners 1211 to
121n.

[0330]

In addition, the solar power generation system according to the present embodiment is not limited to the
configurations illustrated in FIGS. 26 and 27, and may be of any configuration as long as either of the photoelectric
conversion elements 10 and 20 is used.

[0331]

Furthermore, in the present embodiment, not all of the photoelectric conversion elements included in the solar
power generation systems 1200 and 1200A need be the photoelectric conversion elements 10 and 20.

[0332]

For example, all of the photoelectric conversion elements included in a given subsystem (any of the
subsystems 1201 to 120n) may be either of the photoelectric conversion elements 10 and 20, and a portion or all of
the photoelectric conversion elements included in another subsystem (any of the subsystems 1201 to 120n) may be a
photoelectric conversion element other than the photoelectric conversion elements 10 and 20.

[0333]

It should be considered that the presently disclosed embodiments are exemplary in all respects and not
restrictive. The scope of the present invention is intended to be indicated by the scope of patent claims, not the
embodiments described above, and includes all modifications within the same meaning and scope as the scope of
patent claims.

[0334]

(1) In embodiments 3 and 4 described above, an example is described in which the n-type amorphous
semiconductor layer 4 is formed on the back surface of the semiconductor substrate 1 first, after which the p-type
amorphous semiconductor layer 5 is formed; however, the p-type amorphous semiconductor layer 5 may be formed
first, after which the n-type amorphous semiconductor layer 4 may be formed.

[0335]

(2) In embodiments 2 and 3 described above, similarly to embodiment 4, a passivation film composed of an
intrinsic amorphous semiconductor layer may be respectively formed on only portions under the n-type amorphous
semiconductor layer 4, the alignment mark 4M, and the p-type amorphous semiconductor layer 5. In this case, in
embodiment 2, the alignment marks 41M and 42M include the n-type amorphous semiconductor layer 4 and the
passivation film formed under the n-type amorphous semiconductor layer 4. Contrast of portions where the alignment
marks 41M and 42M are formed is therefore high, and the shadow mask used when forming the p-type amorphous
semiconductor layer 5 may be disposed at a more appropriate position. In addition, in embodiment 3, the individual
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identification information composed of the n-type amorphous semiconductor layer 4 includes the n-type amorphous
semiconductor layer 4, and the passivation film formed under the n-type amorphous semiconductor layer 4. Contrast
of a portion where the individual identification information is formed is therefore high, and alignment of the convex
portions 402¢ to 405¢ of the shadow mask 3200 that is used when forming the p-type amorphous semiconductor
layer 5 can be more accurately performed.

[0336]

(3) In embodiment 2 described above, an example is described in which the position of the shadow mask that
is used when forming the p-type amorphous semiconductor layer 5 is adjusted based on the alignment mark 41M,
which is composed of a portion of the n-type amorphous semiconductor layer 4, however, the position of the shadow
mask may be adjusted without using the alignment mark 41M. That is, for example, alignment pins for respectively
aligning the shadow mask that are used when forming the n-type amorphous semiconductor layer 4 as well as the
shadow mask that is used when forming the p-type amorphous semiconductor layer 5 are fixed in advance to a base
for fixing the semiconductor substrate 1A. Furthermore, similarly to embodiment 2, after the texture structure is
formed on at least a portion of the back surface of the semiconductor substrate 1A, a shadow mask for respectively
forming the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5 is disposed
in accordance with each alignment pin, and the n-type amorphous semiconductor layer 4 and the p-type amorphous
semiconductor layer 5 are sequentially formed.

[0337]

Furthermore, after the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor
layer 5 are formed, a boundary between the n-type amorphous semiconductor layer 4 and the p-type amorphous
semiconductor layer 4 formed on a texture structure can be determined by observing a region where the texture
structure is formed using an optical microscope. Thereby, it is possible to inspect whether the n-type amorphous
semiconductor layer 4 and the p-type amorphous semiconductor layer 5 do not overlap, and whether such are formed
at appropriate positions. That is, the shadow masks are disposed using alignment pins, and the boundary portion of
the n-type amorphous semiconductor layer 4 and the p-type amorphous semiconductor layer 5 formed on the texture
structure on the back surface of the semiconductor substrate 1A is an example of a light scattering layer, which
functions as an inspection unit. Note that although an example using alignment pins is described above, the method
for shadow mask alignment is not limited to a method using alignment pins.

[Industrial Applicability]
[0338]

The present invention applies to a photoelectric conversion element, a solar cell module provided therewith,
and a solar power generation system.
[Description of Reference Numerals]
[0339]

1, 1A,1B...semiconductor substrate, 2...antireflective film, 3, 301, 302...passivation film, 4...n-type
amorphous semiconductor layer, 4s, 5s...identification information, 5...p-type amorphous semiconductor layer, 6,
7...electrode, 6a, 6b, 7a, 7b...conductive layer, 8...protective film, 10, 20...photoelectric conversion element, 30, 40,
50, 60, 310, 320, 330, 340, 3100, 3200...shadow mask, 70...wiring sheet, 1000...solar cell module, 1100, 1100A,
1200, 1200A...solar power generation system, 1101,1301...photoelectric conversion module array,
1120...photoelectric conversion module, S...individual identification information, 4M, 41M, 42M...alignment mark
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GONSO RTRA 100 Park Avenue, 16t Fl

TRANSLATIONS New York, NY 10017

www.consortra.com

CERTIFICATE OF ACCURACY

Attached as Ex A is the original document identified as patent application number
JPWO02016129481 A and attached as Ex B is the translation of the original document from
Japanese to English.

This is to certify under penalty of perjury that I, Nicholas Abraham, translated the
Specifications par. [0258]-[0339], Drawings, ISR pages, and Bibliographic info in the
document attached as Exhibit B and it is a is a true, accurate, and complete translation of
Specifications par. [0258]-[0339], Drawings, ISR pages, and Bibliographic info in Exhibit A.

[ am thoroughly familiar with and competent in both Japanese and English languages. I have
over 8 years of experience in translating Japanese to English and hold a Bachelor of Science,
Biology at University of Utah. Attached as Exhibit C is a copy of my current CV.

[ hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United
States Code.

Dated: 01/19/2026

Nicholas Abraham
Japanese Linguist

New York, NY | Washington DC | Houston, TX | San Francisco, CA | Hong Kong
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EDUCATION

Bachelor of Science, Biology — University of Utah 2018

Laboratory experience

PhD research assistant, Mycology, Natural History Museum of Utah

Tested for genetic similarity between widely separated samples from the single Armillaria ostoyae specimen
(humongous fungus) in Malheur National Forest in Oregon, covering 3.4 square miles. Tested using cellular
culturing, purification, DNA amplification, and analysis.

LINGUISTIC EXPERIENCE

Translator/Editor (Japanese to English) — JET Patent & IP Translations 2014 - 2017
2020 - Present

Translating and editing various documents, including but not limited to:
Patents, office actions, other IP-related documents, scientific journal articles, medical reports and
hospital records, lab reports, scientific textbooks, emails and other business communications,
PowerPoints, and more

Specializing in subject matters of:
Biochemistry, chemistry, pharmaceuticals, medical devices

With wide-ranged experience in the fields of:
Optical, electrical, mechanical, computing, marketing, financial, and business

Non-exhaustive list of specific subject matter experience

Drug design and drug-target interactions Echocardiogram reports and Holter reports

Antibody design and testing Histopathological exam reports

Clinical trials and related documents Lung function exam reports

Clinical Informed Consent Forms (ICFs) Data-processing systems

Clinical Instructions for Use (IFUs) Semiconductors

Pharmaceutical formulations Electronic displays and optical sensors

Gene mutations Electronic device design

Cancer treatment Electrical sensor design

Crystallization and crystal polymorphs Radio, telecommunications, and signaling

Chemical synthesis Mobile batteries

Chemical analysis and analytical devices Touch displays

Patient referral documents Network configuration

Medical diagnoses LED displays

Diagnostic imaging instrumentation Video decoding and encoding

Medical records and exam reports Mobile device screen design

Blood tests and results Terminal devices / base-station devices

Cardiac CT reports Magnetic fields and the detection thereof
Japanese Language Instructor — Missionary Training Center, Provo 2014

Taught beginning-level classes individually and in a group setting.
Lifetime translated JP>EN word counts for JET: 2.2 million

Patents: 400K

Life sciences and chemistry: 300K
Computing: 140K

Electrical engineering: 135K
Mechanical engineering: 120K
Telecommunications: S0K

Exhibit C
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GONSO RTRA 100 Park Avenue, 16t Fl

TRANSLATIONS New York, NY 10017

www.consortra.com

CERTIFICATE OF ACCURACY

Attached as Ex A is the original document identified as patent application number
JPWO02016129481 A and attached as Ex B is the translation of the original document from
Japanese to English.

This is to certify under penalty of perjury that I, Lorelle Knowles, translated the Abstract,
Claims and Specifications par. [0001]-[0257] in the document attached as Exhibit B and it is
a is a true, accurate, and complete translation of Abstract, Claims and Specifications par.
[0001]-[0257] in Exhibit A.

[ am thoroughly familiar with and competent in both Japanese and English languages. I have
over 11 years of experience in translating Japanese to English and a NAATI-certified
translator. Attached as Exhibit D is a copy of my current CV.

[ hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United
States Code.

Dated: 01/19/2026

;%(L(/f;

Lorelle Knowles
Japanese Linguist

New York, NY | Washington DC | Houston, TX | San Francisco, CA | Hong Kong
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Education
2015 -2016 Master of Interpreting and Translating Studies, Monash University — Melbourne, Australia

2014 - 2015 Honours Degree in Japanese translation, Monash University — Melbourne, Australia
2009 - 2009 Bachelor of Arts Exchange Program, Sugiyama Jogakuen Daigaku — Nagoya, Japan
2006 — 2010 Bachelor of Arts, University of Tasmania — Hobart and Launceston, Australia

- Japanese language and Asian Studies majors
- History and English minors

Translation and Linguistics-Related Experience
2016 —Present Senior Patent Translator — JET Patent and IP Translations
- Translation and proofreading of predominantly IP-related documents such as patents, and
also legal, medical, financial, and engineering-related documents
- Providing mentorship and advice to new translators
- Quality checking and post-editing of externally translated documents
2013 — Present Freelance Translator — Self-Employed
- Translation, proofreading, and post-editing of a range of documents including patents and
legal, medical, financial, and engineering-related documents
- Translation and certification of government-issued documents
- Providing advice to lawyers regarding the field of translation
2011 -2013 Assistant Language Teacher — Altia Central, Nagano and Gifu, Japan
- Assigned to five schools, ranging from kindergarten to junior high school
- Co-teaching with native Japanese teachers of English, helping predominantly with
speaking, writing, and positive in-class interactions
- Creating lesson plans tailored to each individual class, depending on age, language level,
class size, and collective degree of motivation
- Grading English homework, helping out with speech contests, fostering an overall interest
in English and Australia/New Zealand culture

Non-Exhaustive List of Linguistic Subject Matter Experience

- Animal models of arthritis

- Antibody directed against galectin-9 and inhibitor of suppressive activity of regulatory T lymphocytes
- Antiparkinsonian drug development

- Autoinjector device for the administration of drugs

- Automated storage and dispensing device of medical and pharmaceutical products

- Benzodiazepine and non-benzodiazepine hypnotics

- Case reports

- Clinical SAEs/AEs

- CMC (chemistry, manufacturing and controls) of pharmaceuticals and medicinal products

- Development of pharmaceuticals

- Drug research and development

- GMP Compliance Inspection Reports

- Hand-held blood analyzer

- Instructions For Use (IFU) for reusable surgical instruments (peripherally inserted central catheter kit)

- Invitro diagnostic devices

- Maxillary sinus floor augmentation using low-crystalline carbonate apatite granules

- Method of screening for mutants in a population of organisms

- Modified polynucleotides for the production of oncology-related proteins and peptides

- Negative Pressure Wound Therapy with Instillation and Dwelling (NPWTi-d) and Negative Pressure Wound

Therapy (NPWT) Exhibjt D
- Optimization of radiation equipment and improvements to the life gER@rEE af Exaoeo, Page 106



- Patient referral documents

- Pharmaceuticals and Medical Devices Agency (PMDA) documents

- Pharmaceutical composition for treating or preventing ulcer or fistula in intestinal tract
- Regulation of pigment cell-specific gene expression

- Reports on safety and efficacy of various drug substances

- Solvent Handbook

- Stability tests of various drug substances

- Validation reports

- Various Phase II/Il placebo-controlled studies

Translated JP>EN Word Counts for JET since 2019:
Patent and Office Action: 1.7 million

Optical: 67,000

Electrical: 501,000

Mechanical: 289,000

Telecommunications:7 8,000

Chemical: 270,000

Computing/Software: 374,000
Biochem/Med/Pharm: 955,000

Certifications and T&I Organisations
2021 - Present Trados Studio — Level 1
RWS Group

2017 —Present AUSIT Member
Australian Institute of Interpreters and Translators

2016 —Present NAATI Certification, Certified Translator in the Japanese to English direction
National Accreditation Authority for Translators and Interpreters, Australia

2013 — Present Japanese Language Proficiency Test, N2 Certification
Japan Educational Exchanges and Services (JEES) and The Japan Foundation
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