
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
34

0 
31

7
B

1
*EP003340317B1*

(11) EP 3 340 317 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
01.04.2020 Bulletin 2020/14

(21) Application number: 16897478.0

(22) Date of filing: 25.10.2016

(51) Int Cl.:
H01L 31/068 (2012.01)

(86) International application number: 
PCT/JP2016/004689

(87) International publication number: 
WO 2018/078666 (03.05.2018 Gazette 2018/18)

(54) HIGH PHOTOELECTRIC CONVERSION EFFICIENCY SOLAR-CELL AND MANUFACTURING 
METHOD FOR HIGH PHOTOELECTRIC CONVERSION EFFICIENCY SOLAR-CELL

SOLARZELLE MIT HOHER PHOTOELEKTRISCHER UMWANDLUNGSEFFIZIENZ UND 
HERSTELLUNGSVERFAHREN FÜR EINE SOLARZELLE MIT HOHER PHOTOELEKTRISCHER 
UMWANDLUNGSEFFIZIENZ

CELLULE SOLAIRE À EFFICACITÉ DE CONVERSION PHOTOÉLECTRIQUE ÉLEVÉE ET 
PROCÉDÉ DE FABRICATION D’UNE CELLULE SOLAIRE À EFFICACITÉ DE CONVERSION 
PHOTOÉLECTRIQUE ÉLEVÉE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(43) Date of publication of application: 
27.06.2018 Bulletin 2018/26

(73) Proprietor: SHIN-ETSU CHEMICAL CO., LTD
Tokyo 100-0004 (JP)

(72) Inventors:  
• WATABE, Takenori

Annaka-shi
Gunma 379-0195 (JP)

• HASHIGAMI, Hiroshi
Annaka-shi
Gunma 379-0195 (JP)

• OHTSUKA, Hiroyuki
Annaka-shi
Gunma 379-0195 (JP)

(74) Representative: Wibbelmann, Jobst
Wuesthoff & Wuesthoff 
Patentanwälte PartG mbB 
Schweigerstrasse 2
81541 München (DE)

(56) References cited:  
JP-A- H05 299 672 JP-A- 2014 086 590
JP-A- 2014 086 590 JP-A- 2014 112 600
JP-A- 2016 146 471 JP-B1- 5 963 999
US-A1- 2013 214 271 US-A1- 2013 247 971



EP 3 340 317 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a solar cell with high photoelectric conversion efficiency and a method for
manufacturing a solar cell with high photoelectric conversion efficiency.

BACKGROUND ART

[0002] Solar cell structures with relatively high photoelectric conversion efficiency which use single crystal or poly-
crystalline semiconductor substrates include a back-surface-electrode-type solar cell, in which all of the positive and
negative electrodes are provided on the non-light-receiving surface (the back surface). The schematic view of the back
surface of the back-surface-electrode-type solar cell 1000 is shown in Fig. 10. On the back surface of the substrate
1010, the emitter layer 1012 and the base layer 1013 are disposed alternately. On each of the layers, electrodes (collecting
electrodes) (the emitter electrode 1022, the base electrode 1023) are provided along the corresponding layer. The back
surface is also provided with bus bar electrodes (the emitter bus bar electrode 1032, the base bus bar electrode 1033)
to further collect currents obtained from the foregoing electrodes. The bus bar electrodes are at right angles to the
collecting electrodes in many cases from the viewpoint of the function. The emitter layer 1012 has a width of several
millimeters to hundreds of micrometers, and the base layer 1013 has a width of hundreds of micrometers to several tens
of micrometers. Each of the collecting electrodes (the emitter electrode 1022, base electrode 1023) generally has a
width of several hundreds of micrometers to several tens of micrometers, and is often referred to as finger electrode.
[0003] The cross sectional structure of the back-surface-electrode-type solar cell 1000 is schematically shown in Fig.
11. The back surface of the substrate is provided with the emitter layer 1012 and the base layer 1013 formed near the
outmost surface thereof. Each film thickness of the emitter layer 1012 and the base layer 1013 is about 1 mm at most.
On each layer, the finger electrode 1022 or 1023 is provided. The surface of each non-electrode region (the region where
the electrode is not formed) is covered with a dielectric film (the back surface protective film 1044) such as a silicon
nitride film and a silicon oxide film. The solar cell 1000 is provided with the antireflection coating 1045 on the light-
receiving surface to decrease the reflection loss.
[0004] Such a structure is known in Patent Document 1, which discloses an example of a method for producing the
solar cell having the structure. The outline of the process flow is shown in Fig. 9 (b). According to this process flow, on
an N-type substrate, the slice damage of which have been removed, a texture mask is formed only onto the back surface
first, and texture is formed only onto one side (light-receiving surface). After removing the mask, a diffusion mask is
formed on the back surface and is opened in a pattern shape. The opening is subjected to diffusion of a P-type dopant
such as boron, followed by removing the mask and glass formed in the diffusion with HF or the like. Subsequently, a
diffusion mask is formed again and is opened, and the opening is subjected to diffusion of an N-type dopant such as
phosphorus, followed by removing the mask and glass. Through the series of these steps, a base layer and an emitter
layer are formed on the back surface. After that, forming of a protective layer, opening, and forming of collecting electrodes
and bus bar electrodes are performed.
[0005] Patent Document 2 discloses another example of the production method. The outline of the process flow is
shown in Fig. 9 (c). In Patent Document 2, an N-type substrate, the slice damage of which have been removed, is
subjected to forming of an emitter layer and a mask, opening of the mask, etching, forming of a base layer and a mask,
opening of the light-receiving surface mask, forming of texture, forming of a protective film, opening of the protective
film, and forming of collecting electrodes and bus bar electrodes. As described above, the method of Patent Document
2 also needs to perform the mask formation and opening step at least two times.
[0006] JP 2014 086590 A discloses a method for manufacturing a solar cell including the steps of: forming a texture
structure on both surfaces of a crystal substrate; forming a mask layer on a surface of the crystal substrate; and providing
an opening in a part of the mask layer by irradiating the mask layer with a laser beam. There is also provided a crystal
solar cell manufactured by this method.

CITATION LIST

PATENT LITERATURE

[0007]

Patent Document 1: Japanese Unexamined Patent Application publication (Kokai) No. 2015-167260
Patent Document 2: US Patent No. 7,339,110
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SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0008] The foregoing known methods have been regarded to have a problem of including many steps. The mask
forming step and the opening step have to be performed in a pair without exception, thereby increasing the production
cost. The methods include many thermal treatment steps, in which a substrate is exposed to higher temperature, causing
to reduce the lifetime of the minority carriers of the substrate.
[0009] In either of the methods, texture has to be formed only at one side of a substrate, which necessitates to form
a mask only at one side. This requires procedures such as forming a silicon nitride film or the like on one side, as well
as forming silicon oxide films on the both sides followed by forming resist on the entire surface of the backside, and
dipping the substrate to HF to remove the silicon oxide film only at the light-receiving surface, increasing not only the
number of steps but also the materials to be used. These methods also have a problem that the formation of uniform
mask in a substrate surface becomes difficult when the thickness of the mask is intended to be a minimum.
[0010] In either of the methods, the emitter layer and the base layer are formed, with the back surface being flattened.
Accordingly, these layer become difficult to electrically connect with electrodes, increasing the contact resistance between
the substrate and the collecting electrode to decrease the conversion efficiency. This problem has been especially
conspicuous in P-type layers.
[0011] The present invention was accomplished in view of the above-described problems. It is an object of the present
invention to provide a method for manufacturing a solar cell that can bring high photoelectric conversion efficiency while
decreasing the number of steps. It is also an object of the present invention to provide a solar cell in which the contact
resistance is decreased to improve the photoelectric conversion efficiency.

SOLUTION TO PROBLEM

[0012] To solve the problems described above, the present invention provides a method for manufacturing a solar
cell, including the steps of:

forming unevenness on both of main surfaces of a semiconductor substrate of a first conductivity type;
forming an emitter layer of a second conductivity type which is an opposite conductivity type to the first conductivity
type, on a first main surface of the semiconductor substrate;
forming a diffusion mask on the emitter layer;
removing the diffusion mask in a pattern to have a remaining diffusion mask at other than a portion where the
diffusion mask have been removed;
forming a base layer of the first conductivity type, having a dopant concentration higher than in the semiconductor
substrate, on the portion of the first main surface where the diffusion mask has been removed;
removing the remaining diffusion mask;
forming a dielectric film on the first main surface;
forming a base electrode on the base layer; and
forming an emitter electrode on the emitter layer; wherein the surface of the semiconductor substrate is subjected
to etching on the portion where the diffusion mask has been removed after the step of removing the diffusion mask
in a pattern and before the step of forming the base layer, and a recess is formed on the first main surface by the
etching, while the surface of the recess is flat.

[0013] The inventive method can decrease the step of forming and opening a diffusion mask to one time. In a solar
cell manufactured by the inventive method, fine unevenness (e.g., texture) is formed on the surface of the emitter region
(the emitter layer). This can decrease the contact resistance between the substrate and an electrode (i.e., the emitter
electrode) connected with the emitter to improve the conversion efficiency. In addition, unevenness such as texture is
formed at the first step, and accordingly, it is not necessary to form a mask only at the one side.
[0014] The surface of the semiconductor substrate is subjected to etching on the portion where the diffusion mask
have been removed after the step of removing the diffusion mask in a pattern and before the step of forming the base layer.
[0015] The conversion efficiency can be improved by forming the base layer after etching the emitter layer of the
opening (the portion where the diffusion mask have been removed) as described above.
[0016] After forming the base layer, the film thickness of a silicon oxide film on the base layer can be 95 nm or less.
[0017] In the inventive method, the mask formation is not necessary after forming the base layer, and it is not necessary
to form silicon oxide after forming the base layer.
[0018] It is appropriate that the first conductivity type be N-type, and the second conductivity type be P-type.
[0019] As described above, the first conductivity type can be N-type, and the second conductivity type can be P-type
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in the inventive method.
[0020] It is preferable that a glass layer be formed on the first main surface simultaneously with forming the emitter
layer in the step of forming the emitter layer; and the diffusion mask be formed on the emitter layer with the glass layer
being left in the step of forming the diffusion mask.
[0021] The minority carrier lifetime of the substrate can be kept high by forming a diffusion mask while leaving the
glass layer formed simultaneously with forming a P-conductivity type layer as the emitter layer.
[0022] In this case, the base electrode and the emitter electrode may be formed after forming the dielectric film without
removing the dielectric film.
[0023] Forming the P-type emitter layer on the portion where the texture have been formed makes it possible to realize
lower contact resistance between the emitter (P-type) layer and the collecting electrode without opening the dielectric film.
[0024] It is preferable that the step of forming the dielectric film be a step of forming an aluminum oxide film to cover
the base layer and the emitter layer and forming a silicon nitride film on the aluminum oxide film.
[0025] In back-surface-electrode-type solar cells, most of the back surfaces are usually emitter layers. When the
emitter layer is P-type, high photoelectric conversion efficiency can be given in a convenient way by covering the back
surface with an aluminum oxide film, which is effective as P-type passivation.
[0026] In the step of forming the emitter layer, the emitter layer is preferably formed on an entire surface of the first
main surface.
[0027] Such a method for manufacturing a solar cell can easily manufacture a solar cell in which the base layer and
the emitter layer are contiguous to each other.
[0028] It is preferable that the unevenness be a texture.
[0029] Such a method for manufacturing a solar cell shows higher productivity.
[0030] The present invention also provides a solar cell including:

a semiconductor substrate of a first conductivity type;
a base layer of the first conductivity type, having a dopant concentration higher than in the semiconductor substrate,
and an emitter layer of a second conductivity type which is an opposite conductivity type to the first conductivity
type, each of the layer being provided on a first main surface of the substrate;
a dielectric film provided on the base layer and the emitter layer;
a base electrode electrically connected with the base layer; and
an emitter electrode electrically connected with the emitter layer;
wherein, a surface of the semiconductor substrate is provided with unevenness formed at least at the contact
interface between the emitter electrode and the emitter layer; and the first main surface has a recess in a pattern,
while the surface of the recess is flat, and the base layer is formed on the surface of the recess.

[0031] By forming the fine unevenness (e.g., texture) on the portion being in contact with the electrode of the emitter
region as described above, it is possible to realize lower contact resistance between the emitter layer and the collecting
electrode without opening the dielectric film. As a result, the contact resistance can be decreased to make the solar cell
have improved photoelectric conversion efficiency.
[0032] The first main surface has a recess in a pattern, with the surface of the recess being flat, and the base layer is
formed on the surface of the recess.
[0033] As described above, the solar cell has a base region, the surface of which is recessed from its surroundings,
with the surface being flat. The flat surface decreases the rate of re-combination of minority carriers on the surface,
which contributes to improve the photoelectric conversion efficiency. It is to be noted that such a structure can be
produced by removing the diffusion mask in a pattern and etching the emitter layer at a portion where the mask have
been removed, followed by forming a base layer as described above.
[0034] It is appropriate that the first conductivity type be N-type, and the second conductivity type be P-type.
[0035] As described above, the first conductivity type can be N-type, and the second conductivity type can be P-type
in the inventive solar cell.
[0036] It is preferable that the dielectric film have a layered structure of an aluminum oxide film and a silicon nitride
film, with the aluminum oxide film being in contact with the first main surface.
[0037] In back-surface-electrode-type solar cells, most of the back surfaces are normally emitter layers. When the
emitter layer is P-type, high photoelectric conversion efficiency can be given in a convenient way by covering the back
surface with an aluminum oxide film, which is effective as a P-type passivation.
[0038] It is preferable that the base layer and the emitter layer be contiguous to each other.
[0039] Such a solar cell can be easily fabricated.
[0040] It is preferable that the semiconductor substrate be provided with unevenness formed on a second main surface
of the substrate.
[0041] In such a solar cell, the second main surface can have more decreased reflectance.
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[0042] It is preferable that the unevenness be a texture.
[0043] Such a solar cell can be easily fabricated.
[0044] The present invention further provides a photovoltaic module including the solar cell of the present invention
described above built-in.
[0045] As described above, the solar cell according to the present invention can be installed in a photovoltaic module.
[0046] The present invention further provides a photovoltaic power generation system including the photovoltaic module
of the present invention described above.
[0047] As described above, the photovoltaic module with the built-in solar cell of the present invention can be used
for a photovoltaic power generation system.

ADVANTAGEOUS EFFECTS OF INVENTION

[0048] By the inventive method, a solar cell with high photoelectric conversion efficiency can be manufactured while
largely decreasing the number of steps. This makes it possible to manufacture a back-surface-electrode-type solar cell
with high photoelectric conversion efficiency at low cost. The inventive solar cell has lower contact resistance and
excellent conversion efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0049]

Figs. 1 are cross sectional schematic views showing an example of a method for manufacturing a back-surface-
electrode-type solar cell according to the present invention;
Figs. 2 are schematic views showing an example of a method for manufacturing a back-surface-electrode-type solar
cell according to the present invention;
Fig. 3 is a schematic view of a back-surface-electrode-type solar cell according to the present invention;
Fig. 4 is a cross sectional schematic view of a back-surface-electrode-type solar cell according to the present
invention;
Fig. 5 is a schematic view of a photovoltaic module according to the present invention;
Fig. 6 is a schematic view of the interior of the back surface of a photovoltaic module according to the present invention;
Fig. 7 is a cross sectional schematic view of a photovoltaic module according to the present invention;
Fig. 8 is a schematic view of a photovoltaic power generation system according to the present invention;
Fig. 9 (a) is a flow diagram of a process for manufacturing a solar cell according to the present invention;
Figs. 9 (b) and (c) are flow diagrams of conventional processes for manufacturing a solar cell;
Fig. 10 is a schematic view of a common back-surface-electrode-type solar cell according to the present invention;
Fig. 11 is a cross sectional schematic view of a common back-surface-electrode-type solar cell according to the
present invention.

DESCRIPTION OF EMBODIMENTS

[0050] Hereinafter, the present invention will be described more specifically.
[0051] As described above, it has been required for a method of manufacturing a solar cell that can give high photo-
electric conversion efficiency while decreasing the number of steps.
[0052] The present inventors have diligently investigated to achieve the forgoing object. As a result, the inventors have
found that the foregoing object can be solved by a method for manufacturing a solar cell, including the steps of:

forming unevenness on both of main surfaces of a semiconductor substrate of a first conductivity type;
forming an emitter layer of a second conductivity type which is an opposite conductivity type to the first conductivity
type, on a first main surface of the semiconductor substrate;
forming a diffusion mask on the emitter layer;
removing the diffusion mask in a pattern to have a remaining diffusion mask at other than a portion where the
diffusion mask have been removed;
forming a base layer of the first conductivity type, having a dopant concentration higher than in the semiconductor
substrate, on the portion of the first main surface where the diffusion mask have been removed;
removing the remaining diffusion mask;
forming a dielectric film on the first main surface;
forming a base electrode on the base layer; and
forming an emitter electrode on the emitter layer; wherein the surface of the semiconductor substrate is subjected
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to etching on the portion where the diffusion mask has been removed after the step of removing the diffusion mask
in a pattern and before the step of forming the base layer, and a recess is formed on the first main surface by the
etching, while the surface of the recess is flat; thereby brought the present invention to completion.

[0053] In addition, it has been required for a solar cell in which the contact resistance is decreased to improve the
photoelectric conversion efficiency as described above.
[0054] The present inventors have diligently investigated to achieve the forgoing object. As a result, the inventors have
found that the foregoing object can be solved by a solar cell including:

a semiconductor substrate of a first conductivity type;
a base layer of the first conductivity type, having a dopant concentration higher than in the semiconductor substrate,
and an emitter layer of a second conductivity type which is an opposite conductivity type to the first conductivity
type, each of the layer being provided on a first main surface of the substrate;
a dielectric film provided on the base layer and the emitter layer;
a base electrode electrically connected with the base layer; and
an emitter electrode electrically connected with the emitter layer;
wherein, a surface of the semiconductor substrate is provided with unevenness formed at least at the contact
interface between the emitter electrode and the emitter layer; and the first main surface has a recess in a pattern,
while the surface of the recess is flat, and the base layer is formed on the surface of the recess; thereby brought
the present invention to completion.

[0055] In the following detailed description, to understand the overall invention and show how the invention is carried
out in a given specific example, many given details will be explained. However, it can be understood that the present
invention can be carried out without these given details. To avoid obscureness of the present invention, a well-known
method, a procedure, and technologies will not be described in detailed hereinafter. Although a given specific example
of the present invention will be described with reference to given drawings, the present invention is not restricted thereto.
The drawings described herein are schematic, and do not restrict the scope of the present invention. Further, in the
drawings, for the purpose of illustration, sizes of several elements are exaggerated, and hence a scale may not be correct.

[Solar Cell]

[0056] Hereinafter, the inventive solar cell will be described by referring to the drawings, but the present invention is
not limited thereto. Fig. 3 is a schematic view of a back-surface-electrode-type solar cell according to the present invention.
Fig.4 is a cross sectional schematic view of a back-surface-electrode-type solar cell according to the present invention.
As shown in Fig. 4, the inventive solar cell 300 is provided with the semiconductor substrate 110 of the first conductivity
type. The semiconductor substrate 110 is provided with the base layer 113 of the first conductivity type having a dopant
concentration higher than that in the semiconductor substrate 110, together with the emitter layer 112 of a second
conductivity type, which is an opposite conductivity type to the first conductivity type, on the first main surface. The
dielectric film (back surface protective film) 144 is also provided on the base layer 113 and on the emitter layer 112. The
base electrode 123 electrically connected with the base layer 113 and the emitter electrode 122 electrically connected
with the emitter layer 112 are also provided.
[0057] As shown in Fig. 3, the inventive solar cell 300 is commonly provided with the base bus bar electrode (bus bar
for a base electrode) 233 to further collect currents obtained from the base electrode 123 electrically connected with the
base layer 113. Commonly, it is also provided with the emitter bus bar electrode 232 (bus bar for an emitter electrode)
to further collect currents obtained from the emitter electrode 122 electrically connected with the emitter layer 112. The
bus bar electrodes 232 and 233 are at right angles to the collecting electrodes (the emitter electrode 122, the base
electrode 123) in many cases in the viewpoint of the function. It is to be noted that the locations of the bus bar electrodes
and collecting electrodes are not limited to those shown in Fig. 3. The bus bar electrodes and collecting electrodes may
be in a three-dimensional structure by providing the insulator film 405, for example, as shown in Fig. 2 (c) that will be
described later.
[0058] As shown in Fig. 1 (a) that will be described later, the unevenness 169 is often formed on the second main
surface of the semiconductor substrate 110 of the inventive solar cell (not shown in Fig. 4 for simplicity). As shown in
Fig. 4, the second main surface is often provided with the antireflection coating 145. In such a solar cell, the reflectance
of the second main surface can be decreased.
[0059] In addition to the foregoing structure, the inventive solar cell is provided with the unevenness 168 formed on
the surface of the semiconductor substrate at least the contact interface between the emitter electrode 122 and the
emitter layer 112 as shown in Fig. 1 (h) that will be described later (not shown in Fig. 4 for simplicity). By forming the
fine unevenness on the portion being in contact with the electrode of the emitter region as described above, it is possible
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to realize lower contact resistance between the emitter layer and the collecting electrode without opening the dielectric
film. As a result, the contact resistance can be decreased to make the solar cell have improved photoelectric conversion
efficiency.
[0060] The height of the unevenness is not particularly limited, but can be 1 to 50 mm, for example. In the range of 1
to 50 mm, the antireflection effect becomes large, and the formation can be performed relatively easily.
[0061] Each of the unevenness 168 and 169 is preferably texture. Such a solar cell can be easily fabricated.
[0062] The first main surface has a recess, the surface of which is flat (see the recess 158 in a pattern of Fig. 1 (e)
that will be described later), in a pattern, and the base layer 113 is formed on the surface of the recess. As described
above, this solar cell has the base region, the surface of which is flat and is recessed from its surroundings. The flat
surface makes it possible to decrease the re-combination rate of the minority carriers on the surface, which contributes
to improve the photoelectric conversion efficiency. It is to be noted that such a structure can be produced by removing
the diffusion mask in a pattern, followed by forming a base layer after etching of the emitter layer at the portion where
the mask have been removed as will be described later.
[0063] The first conductivity type may be N-type, and the second conductivity type may be P-type. In this case, the
dielectric film 144 preferably has a layered structure of an aluminum oxide film and a silicon nitride film in which the
aluminum oxide film is in contact with the first main surface. In back-surface-electrode-type solar cells, most of the back
surfaces are commonly emitter layers. When the emitter layer is P-type, high photoelectric conversion efficiency can be
given in a convenient way by covering the back surface with an aluminum oxide film, which is effective as a P-type
passivation.
[0064] Illustrative examples of the N-type dopant include P (phosphorus), Sb (antimony), As (arsenic), and Bi (bismuth).
Illustrative examples of the P-type dopant include B (boron), Ga (gallium), Al (aluminum), and In (indium).
[0065] The dopant concentration of the semiconductor substrate 110 having the first conductivity type is not particularly
limited, but can be 831014 atoms/cm3 or more and 131017 atoms/cm3 or less, for example. The thickness of the
semiconductor substrate 110 is not particularly limited, but can be a thickness of 100 to 300 mm, for example. The dopant
concentration of the base layer 113 can be any value higher than that of the semiconductor substrate 110, but can be
1.031018 atoms/cm3 or more and 2.031021 atoms/cm3 or less, for example. The dopant concentration of the emitter
layer 112 is not particularly limited, but can be 1.031018 atoms/cm3 or more and 7.031020 atoms/cm3 or less, for example.
[0066] It is also preferable that the base layer 113 and the emitter layer 112 adjoin with each other. Such a solar cell
can be easily fabricated.

[Method for Manufacturing Solar Cell]

[0067] An outlined flow diagram of a process of the inventive method is shown in Fig. 9 (a). Hereinafter, the inventive
method for manufacturing a solar cell will be specifically described using Figs. 1 by way of an example in case of using
an N-type substrate.
[0068] First, an N-type as-cut single crystal silicon substrate having plane orientation of {100} is prepared, with the
specific resistance is set to 0.1 to 5 Ω·cm by doping high-purity silicon with a pentavalent element such as phosphorus,
arsenic, or antimony. The single crystal silicon substrate can be prepared by either a CZ method or an FZ method. The
substrate does not necessarily have to be a single crystal silicon, but may be a polycrystalline silicon.
[0069] Subsequently, each fine unevenness 168 and 169 called texture is formed on both of the main surface of the
semiconductor substrate 110 as shown in Fig. 1 (a). The texture is an effective means to decrease the reflectance of a
solar cell. The texture can be formed by immersion into heated solution of alkali such as sodium hydroxide, potassium
hydroxide, potassium carbonate, sodium carbonate, and sodium hydrogencarbonate (concentration: 1 to 10%, temper-
ature: 60 to 100°C) for about 10 minutes to 30 minutes. The foregoing solution may be mixed with a certain amount of
2-propanol to enhance the reaction.
[0070] The semiconductor substrate 110 subjected to texture formation as described above is cleaned in acidic aqueous
solution including hydrochloric acid, sulfuric acid, nitric acid, hydrofluoric acid, or mixture thereof. It is also possible to
mix hydrogen peroxide to improve the cleanliness.
[0071] Then, on the first main surface of this semiconductor substrate 110, the emitter layer 112 is formed as shown
in Fig. 1 (b). The emitter layer 112 has an opposite conductivity type (P-type in this case) to the semiconductor substrate
110, and the thickness is about 0.05 to 2 mm. The emitter layer 112 can be formed by vapor-phase diffusion using BBr3
or the like. The semiconductor substrates 110 are placed in a thermal treatment furnace with the two pieces thereof
being stacked with each other as a pair, and are subjected to thermal treatment at 950 to 1050°C while introducing
mixed gas of BBr3 and oxygen. As the carrier gas, nitrogen or argon is suitable. This can be formed by a method of
applying a coating agent containing boron source onto the first main surface followed by thermal treatment at 950 to
1050°C. As the coating agent, it is possible to use aqueous solution containing 1 to 4% of boric acid as boron source
and 0.1 to 4% of polyvinylalcohol as a thickener, for example. When an emitter layer is formed by any of the foregoing
methods, a glass layer containing boron is formed simultaneously on the surface of the emitter layer.
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[0072] It is to be noted that the emitter layer 112 is preferably formed on the entire surface of the first main surface in
the step of Fig. 1 (b). Such a method for manufacturing a solar cell can easily manufacture a solar cell in which the base
layer and the emitter layer are contiguous to each other.
[0073] After forming the emitter layer 112, the diffusion masks (alias: barrier film, hereinafter also referred to as a
"mask" simply) 156 are formed on both of the main surfaces as shown in Fig. 1 (c) for the base layer formation of the
next step. As the diffusion mask 156, a silicon oxide film or a silicon nitride film can be used. When a CVD method is
used, any film can be formed by appropriately selecting the type of the gas to be introduced. A silicon oxide film also
can be formed by thermal oxidation of the semiconductor substrate 110. A silicon thermal oxide film of about 100 to 250
nm can be formed by treating the semiconductor substrate 110 in an oxygen atmosphere at 950 to 1100°C for 30 minutes
to 4 hours. This thermal treatment may be performed subsequent to the thermal treatment for forming the emitter layer
112 in the same batch therewith. After forming the emitter layer, glass is formed on the surface of the substrate as
described above. It is preferable not to remove this before forming the mask particularly when the emitter layer is P-
type. That is, it is preferable that the glass layer is formed on the main surface simultaneously with forming the emitter
layer 112 in the step of Fig. 1 (b), and the diffusion mask 156 is formed on the emitter layer 112 while leaving the glass
layer in the step of Fig. 1 (c). In this case, the step of removing the glass layer is not performed, and the number of steps
is not increased. The substrate can be kept to have high minority carrier lifetime by forming the diffusion mask while
leaving the glass layer, which is formed simultaneously with the formation of the P-type conductivity type layer as the
emitter layer. This is probably due to gettering effect given by the glass layer.
[0074] When boron is used as a dopant of the emitter, mask formation by thermal oxidation causes decrease of the
surface concentration of boron due to the differences of the diffusion coefficients and the segregation coefficients in Si
and in SiO2, which decreases the re-combination rate at the surface and is preferable.
[0075] Next, the mask is opened at a portion to be a base region (mask opening 157) as shown in Fig. 1 (d). Specifically,
it is opened in a shape of parallel lines with the opening width of 50 to 200 mm and the interval of about 0.6 to 2.0 mm.
The opening method may include chemical methods such as a photolithography method and a method by using etching
paste as well as physical methods by using laser or a dicer.
[0076] Subsequent to opening the mask, the semiconductor substrate 110 may be dipped into aqueous solution
containing alkali such as KOH and NaOH in high concentration (preferably in a concentration higher than the concentration
when the texture is formed, e.g., 10 to 30%, preferably 20 to 30%) heated to 50 to 90°C for 1 to 30 minutes as shown
in Fig. 1 (e), thereby removing (etching) the unnecessary emitter layer disposed at the opening 157. That is, the surface
of the semiconductor substrate is etched at the portion where the diffusion mask have been removed (the mask opening
157) after the step of Fig. 1 (d) and before the step of forming a base layer shown in Fig. 1(f) that will be described later.
The conversion efficiency is improved by forming the base layer after etching the emitter layer at the opening (the portion
where the mask have been removed) as described above. It is to be noted that the temperature of the aqueous alkaline
solution in the step of Fig. 1 (e) is also preferable to be higher than that in forming the texture. The etching portion tends
to be flat by etching the surface of the semiconductor substrate with high-temperature and high-concentration aqueous
alkaline solution.
[0077] The diffusion mask 156 also functions as a mask for alkali etching in this step (Fig. 1 (e)). Through the etching,
a recess (the recess 158 in a pattern) is formed on the substrate surface as in Fig. 1 (e). The depth of the recess is
determined by the depth of the emitter layer, and is about 0.5 to 10 mm. Removal of the P-type dopant at the opening
makes it easier to control the dopant concentration of the base layer. Also on the light-receiving surface, a mask have
been formed, thereby eliminating the risk of etching the texture on the light-receiving surface.
[0078] It is to be noted that the position (height) of the recess 158 in a pattern can be a lower (deeper) position than
the standard position, which is based on the position of the recess of the back surface unevenness 168 as shown in
Fig. 1 (e). The flatness of this recess 158 in a pattern can be less than 1 mm in a PV value (the difference between the
maximum and the minimum of the displacement), for example.
[0079] Then, the base layer 113 is formed as shown in Fig. 1(f). In forming the base layer 113, a vapor-phase diffusion
method with phosphorus oxychloride can be used. A phosphorus diffusion layer (N+ layer) to be the base layer 113 is
formed by thermal treatment of the semiconductor substrate 110 at 830 to 950°C in a mixed gas atmosphere of phosphorus
oxychloride, nitrogen, and oxygen. In addition to the vapor-phase diffusion method, the base layer can be formed by a
method of spin coating or printing of phosphorus-containing material, followed by thermal treatment. On the light-receiving
surface, a mask has been formed, thereby eliminating the risk of auto doping of phosphorus to the light-receiving surface
during the thermal treatment. The following steps do not need a mask, there is no need to oxidize the substrate unnec-
essarily or to perform excess film deposition. That is, the film thickness of a silicon oxide film on the base layer 113 may
be 95 nm or less at the end of the thermal treatment for forming the base layer. It is to be noted that after the etching
step (Fig. 1 (e)), the base layer 113 is formed on the surface of the recess as in Fig. 1(f).
[0080] After forming the diffusion layer, the diffusion mask 156 and glass formed on the surface are removed by
hydrofluoric acid or the like (see Fig. 1(f)).
[0081] Subsequently, the dielectric film 144 is formed on the first main surface of the semiconductor substrate 110 as



EP 3 340 317 B1

9

5

10

15

20

25

30

35

40

45

50

55

shown in Fig. 1 (g). The antireflection coating 145 may be formed on the second main surface as a step performed
simultaneously, previously, or subsequently thereto.
[0082] As the antireflection coating 145 on the second main surface, a silicon nitride film or a silicon oxide film can be
used. In an instance of the silicon nitride film, a film of about 100 nm is formed by using a plasma CVD apparatus. As
the reaction gas, mixed gas of monosilane (SiH4) and ammonia (NH3) is often used, but nitrogen can be used instead
of the NH3. The reaction gas may be mixed with hydrogen to control the process pressure, to dilute the reaction gas, or
to accelerate the bulk passivation effect of a substrate when a polycrystalline silicon is used as the substrate. The silicon
oxide film can be formed by a CVD method, but the film formed by a thermal oxidation method achieves higher properties.
In order to improve the effect for protecting the surface, the silicon nitride film or the silicon oxide film may be formed
after forming an aluminum oxide film on the substrate surface previously.
[0083] The dielectric film 144 of a silicon nitride film or a silicon oxide film can be utilized for the first main surface as
a surface protective film. The dielectric film 144 preferably has a film thickness of 50 to 250 nm. As on the second main
surface (the light-receiving surface), the silicon nitride film can be formed by a CVD method, and the silicon oxide film
can be formed by a thermal oxidation method or a CVD method. When the substrate is N-type as in this instance, the
silicon nitride film or the silicon oxide film can be formed after forming an aluminum oxide film, which is effective as a
passivation of a P-type layer, previously. In the method of Figs. 1, for example, the step of Fig. 1 (g) may be a step of
forming an aluminum oxide film so as to cover the base layer 113 and the emitter layer 112, followed by forming the
silicon nitride film on the aluminum oxide film. In back-surface-electrode-type solar cells, most of the back surfaces are
commonly emitter layers. When the emitter layer is P-type, high photoelectric conversion efficiency can be given in a
convenient way by covering the back surface with an aluminum oxide film, which is effective as P-type passivation. It is
to be noted that the aluminum oxide film is also formed on the base (N-type) layer in this case, but degradation of the
properties due to this is slight since most of the surface is an emitter (P-type) layer.
[0084] Then, the base electrode 123 is formed on the base layer 113 by screen printing method, for example, as
shown in Fig. 1 (h). For example, Ag paste in which Ag powder and glass frit have been mixed with organic binder is
printed on the base layer 113 by using a previously prepared plate having a pattern of parallel lines with the opening
width of 30 to 100 mm and the interval of about 0.6 to 2.0 mm. In the same way, Ag paste is printed as the emitter
electrode 122 on the emitter layer 112. The Ag paste for a base electrode and the Ag paste for an emitter electrode may
be the same or different. After the foregoing electrode printing, the Ag powder is pierced through the silicon nitride film
by thermal treatment (fire through) to electrically connect the electrode and silicon. The firing is commonly performed at
a temperature of 700 to 850°C for 1 to 5 minutes. In conventional methods, the protective film on the first main surface
have to be removed in order to decrease the contact resistance. In the inventive method, however, the emitter is formed
on a portion where texture have been formed, which makes it possible to realize lower contact resistance without removing
the protective film. That is, the base electrode 123 and the emitter electrode 122 may be formed after forming the dielectric
film 144 without removing the dielectric film 144 in the inventive method. It is to be noted that the electrode for a base
layer and the electrode for an emitter layer can be also fired separately.
[0085] Subsequently, the step of forming a bus bar electrode will be described by reference to Figs. 2. Fig. 2 (a) is a
top view of the semiconductor substrate 110 after the step of Fig. 1 (h). The emitter electrode 122 and the base electrode
123 are formed on an emitter region (the emitter layer 112) and a base region (the base layer 113), respectively. Onto
this semiconductor substrate 110, insulator material (which is cured to be the insulator film 405) is applied in a pattern.
At this stage, the coating may be performed in a pattern like Fig. 2 (b), for example, so as not to electrically connect an
N-bus bar (in this case, the base bus bar electrode to connect with the base electrode) with the emitter electrode, and
not to electrically connect a P-bus bar (in this case, the emitter bus bar electrode to connect with the emitter electrode)
with the base electrode. The coating can be performed by screen printing or the like. Illustrative examples of the insulator
material include a material that contains one or more resin selected from silicone resin, polyimide resin, polyamideimide
resin, fluororesin, phenol resin, melamine resin, urea resin, polyurethane, epoxy resin, acrylic resin, polyester resin, and
poval resin. The foregoing insulator material is applied by using screen printing, for example, and then cured at 100 to
400°C for about 1 to 60 minutes.
[0086] Lastly, the base bus bar electrode 233 and the emitter bus bar electrode 232 are formed to make a structure
shown in Fig. 2 (c) in which the N-bus bar (the base bus bar electrode) 233 is connected with the base electrode 123,
the P-bus bar (the emitter bus bar electrode) 232 is connected with the emitter electrode 122, and insulator layers are
each interposed between the N-bus bar 233 and the emitter electrode 122 as well as between the P-bus bar 232 and
the base electrode 123. For the bus bar electrode, low-temperature curing electrical-conductive paste can be used.
Specific examples thereof include a material that contains one or more electrical conductive material selected from Ag,
Cu, Au, Al, Zn, In, Sn, Bi, and Pb, together with one or more resin selected from epoxy resin, acrylic resin, polyester
resin, phenol resin, and silicone resin. Such material is applied in a pattern by using a screen printing method or dispenser,
for example, followed by curing at 100 to 400°C for about 1 to 60 minutes. When the number of the bus bars is increased,
the interval between the adjacent bus bars can be shortened, which makes it possible to thin the finger electrode to
reduce the cost of the material of the finger electrode. The number of bus bars, which can be determined based on
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tradeoff between an increase of the material cost due to the increase of the number of bus bars and a decrease of the
material cost due to the thinning of the finger electrode, is preferably 4 to 20.
[0087] The foregoing has described an instance in which the substrate is N-type, but the inventive method can be
applied to the case in which the substrate is P-type. That is, an N-type layer as the emitter layer and a P-type layer as
the base layer may be provided. Such a method shown in Figs. 1 and Fig. 9(a) makes it possible to decrease the number
of steps compared to the conventional methods shown in Figs. 9 (b) and 9 (c).
[0088] The solar cell manufactured by the foregoing method can be used for fabricating a photovoltaic module. Fig.
5 shows a schematic view of an example of the photovoltaic module including a built-in solar cell manufactured by the
foregoing method. The photovoltaic module 560 has a tiled structure to cover the interior with the solar cells 500 man-
ufactured by the foregoing method.
[0089] In the photovoltaic module 560, several to several tens of the contiguous solar cells 500 are electrically connected
with each other in series to constitute a series circuit called string. The schematic view of the string is shown in Fig. 6.
Fig.6 corresponds to a schematic view of the interior of the module at the back side, which is not exposed usually. This
does not show the finger electrodes and bus bar electrodes. In order to electrically connect in series, P-bus bars (the
bus bar electrodes connected with the finger electrodes that is connected with the P-type layer of the substrate) and N-
bus bars (the bus bar electrodes connected with the finger electrodes that is connected with the N-type layer of the
substrate) of the contiguous solar cells 500 are connected with each other through the lead wires 561, etc. as shown in
Fig. 6.
[0090] A cross sectional schematic view of the photovoltaic module 560 is shown in Fig. 7. As described above, the
string is constituted by connecting the lead wires 561 to the bus bar electrodes 732 to connect a plurality of the solar
cells 500. The string is commonly encapsulated with the translucent filler 772 such as EVA (ethylene/vinyl acetate). The
non-light-receiving surface is covered with the weather-resistant resin film 773 such as a PET (polyethylene terephthalate)
film, and the light-receiving surface is covered with the light-receiving surface protective material 771 with translucency
and high mechanical strength such as soda-lime glass. As the filler 772, polyolefin, silicone, and so on can be used in
addition to EVA described above.
[0091] This photovoltaic module can be used for fabricating and constituting a photovoltaic power generation system.
Fig. 8 shows a basic constitution of a photovoltaic power generation system in which the inventive modules are connected.
A plurality of the inventive photovoltaic modules 16 are electrically connected with the wiring 15 in series to supply
generated power to the external load circuit 18 through the invertor 17. The system may be also provided with a secondary
battery, although which is not shown in Fig. 8, to store the generated power.

EXAMPLE

[0092] Hereinafter, the present invention will be described in more specifically by showing Examples and Comparative
Example, but the present invention is not limited the following Examples.

(Example 1)

[0093] Solar cells were manufactured by using the inventive method.
[0094] First, eight pieces of N-type as-cut silicon substrates with the plane orientation of {100} doped with phosphorus
having a thickness of 200 mm and a specific resistance of 1 Ω·cm were prepared. Each of these silicon substrate was
subjected to dipping into 2% aqueous potassium hydroxide/2-propanol solution at 72°C to form textures onto the both
surfaces, followed by cleaning in mixed solution of hydrochloric acid/hydrogen peroxide heated to 75°C (see Fig. 1 (a)).
[0095] Subsequently, the substrates were placed in a thermal treatment furnace with the two pieces thereof being
stacked with each other as a pair, and were subjected to thermal treatment at 1000°C for 10 minutes while introducing
mixed gas of BBr3, oxygen, and argon. In this way, an emitter layer was formed (see Fig. 1 (b)). The sheet resistivity of
the emitter layer was measured by four-point probe method to be 50 Ω.
[0096] This was subjected to thermal oxidation at 1000°C for 3 hours in an oxygen atmosphere to form masks (see
Fig. 1(c)).
[0097] The mask on the back surface was opened with laser (see Fig. 1 (d)). As the laser source, second harmonic
of Nd:YVO4 was used. The opening pattern was set to a shape of parallel lines with the interval of 1.2 mm.
[0098] This was dipped into aqueous KOH solution with the concentration of 24% at 80°C to remove the emitter layer
at the openings (see Fig. 1 (e)).
[0099] Then, the substrates were subjected to thermal treatment at 870°C for 40 minutes in an atmosphere of phos-
phorus oxychloride with the light-receiving surfaces being stacked with each other to form a phosphorus diffusion layer
(base layer) at the opening (see Fig. 1(f)). After that, dipping to hydrofluoric acid with the concentration of 25% was
performed to remove the surface glass and the masks.
[0100] Subsequently to the foregoing treatment, aluminum oxide films and silicon nitride films were formed on the both
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surfaces as dielectric films, by using a plasma CVD apparatus (see Fig. 1 (g)). That is, the dielectric film had a layered
structure of the aluminum oxide film and the silicon nitride film, with the aluminum oxide film being in contact with the
first main surface (hereinafter, this layered structure is referred to as a "aluminum oxide/silicon nitride film"). The film
thicknesses of the aluminum oxide film and the silicon nitride film were respectively 10 nm and 100 nm on each of the
front surface and the back surface.
[0101] Next, on each of the base layer and the emitter layer, Ag paste was printed by using a screen printing machine
without opening the aluminum oxide/silicon nitride film, and then dried (see Fig. 1 (h)). This was fired in an air atmosphere
at 780°C. In this way, base electrodes and emitter electrodes were formed on the base layer and the emitter layer
respectively as collecting electrodes (finger electrodes).
[0102] Onto this substrate, insulator material was printed in a pattern by using a screen printing machine. As the
insulator material, silicone manufactured by Shin-Etsu Chemical Co., Ltd. was used. This was cured in a belt furnace
at 200°C for 5 minutes.
[0103] Lastly, low-temperature curing Ag paste was printed in a shape of six lines so as to intersect to the finger
electrodes that had been already fabricated at right angles by using a screen printing machine, and then cured in a belt
furnace at 300°C for 30 minutes to form bus bars.

(Example 2)

[0104] Solar cells were manufactured by the same method as in Example 1 up to the laser opening and from the step
of phosphorus diffusion without performing the step of dipping to aqueous KOH solution at 80°C.

(Example 3)

[0105] The same treatment as in Example 1 was performed up to the laser opening and the step of dipping to aqueous
KOH solution at 80°C. Subsequently, thermal treatment was performed at 870°C for 40 minutes in an atmosphere of
phosphorus oxychloride with the light-receiving surfaces being stacked with each other, followed by oxidation treatment
at 1000°C in an oxygen atmosphere to form a phosphorus diffusion layer and 100 nm of a silicon oxide film at the
openings. From the step of removing the surface glass by dipping into 25% hydrofluoric acid, the same procedure as in
Example 1 was performed.

(Example 4)

[0106] As in Example 1, each aluminum oxide/silicon nitride film was formed. Subsequently, the aluminum oxide/silicon
nitride film on the emitter was partly opened in line shapes (removal of film). In the opening, second harmonic laser of
Nd:YVO4 was used. The opening width was about 250 mm. Along the openings, Ag paste was printed. Base electrodes
were also formed by printing, followed by firing. The formation of the insulator film and the formation of the bus bar were
performed in the same way as in Example 1.

(Example 5)

[0107] The inventive method was applied to P-type silicon substrates with the plane orientation of {100} doped with
boron. Texture was formed on the both surfaces of the substrate, and cleaned. Then, the substrates were placed in a
thermal treatment furnace with the two pieces thereof being stacked with each other as a pair, and were subjected to
thermal treatment at 870°C in an atmosphere of phosphorus oxychloride, followed by thermal oxidation at 1000°C for 3
hours in an oxygen atmosphere to form masks.
[0108] The mask on the back surface was opened with laser, and the phosphorus diffusion layer at the openings was
removed by dipping into aqueous KOH solution.
[0109] Subsequently, thermal treatment was performed at 1000°C for 10 minutes while introducing mixed gas of BBr3,
oxygen, and argon to form boron diffusion layer at the openings.
[0110] The surface glass was removed by dipping into hydrofluoric acid, and then silicon nitride films were formed on
the both surfaces.
[0111] The step of forming electrodes was performed in the same way as in Example 1.

(Comparative Example)

[0112] For comparison, solar cells without having texture on the surface of the emitter layer were manufactured.
[0113] First, slice damage on the substrate was etched with 25% aqueous KOH solution at 70°C. After cleaning, about
50 nm of a silicon nitride film was formed as a texture mask on the one side only, using a CVD apparatus.
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[0114] After forming the texture in the same way as in Examples, the silicon nitride film was removed with 25% aqueous
hydrofluoric acid solution, and then cleaned. It was observed that the texture was formed on the only one side by visual
inspection. After the step of BBr3 diffusion, the same procedure as in Example 1 was performed.
[0115] On the solar cell samples of Examples 1 to 5 and Comparative Example obtained as described above, current-
voltage characteristics were measured under the conditions of spectrum: AM1.5, light intensity: 100 mW/cm2, and 25°C
by using a solar simulator manufactured by Yamashita Denso Corporation to determine photoelectric conversion effi-
ciency. The average values of the obtained results are shown in Table 1.

[0116] As shown in Table 1, Example 1, in which the number of steps was decreased, showed higher conversion
efficiency compared to that of Comparative Example. Having the texture under the emitter electrodes, the contact
resistance between the emitter layer and the electrodes was improved, and the fill factor was very high. Another reason
will be that the occasions of contamination was decreased due to the decrease of the number of steps, thereby improving
the lifetime.
[0117] The conversion efficiency of Example 2 was equivalent to that of Example 1. High conversion efficiency can
be achieved even without etching after the opening.
[0118] The conversion efficiency of Example 1 was equivalent to that of Example 3. The conversion efficiency is not
lowered even when the thickness of the oxide film is thin after forming the base layer.
[0119] The conversion efficiency of Example 1 was equivalent to that of Example 4. Having texture at the contact
portions of the emitter electrodes, low contact resistance and high conversion efficiency can be achieved without opening
the back surface protective film.
[0120] Example 5 showed higher conversion efficiency compared to that of Comparative Example. The inventive
method makes it possible to bring higher conversion efficiency also in P-type substrate.
[0121] It is to be noted that the present invention is not limited to the foregoing embodiment. The embodiment is just
an exemplification, and any examples that have substantially the same feature and demonstrate the same functions
and effects as those in the technical concept described in claims of the present invention are included in the technical
scope of the present invention.

Claims

1. A method for manufacturing a solar cell, comprising the steps of:

forming unevenness (168, 169) on both of main surfaces of a semiconductor substrate (110) of a first conductivity
type;
forming an emitter layer (112) of a second conductivity type which is an opposite conductivity type to the first
conductivity type, on a first main surface of the semiconductor substrate;
forming a diffusion mask (156) on the emitter layer;
removing the diffusion mask in a pattern to have a remaining diffusion mask at other than a portion (157) where
the diffusion mask have been removed;
forming a base layer (113) of the first conductivity type, having a dopant concentration higher than in the
semiconductor substrate, on the portion of the first main surface where the diffusion mask has been removed;
removing the remaining diffusion mask;

[Table 1]

Photoelectric conversion 
efficiency (%)

Short-circuit current 
(mA/cm2)

Open circuit voltage 
(mV)

Fill 
factor 
(%)

Example 1 22.6 41.0 682 80.8

Example 2 22.3 40.9 680 80.2

Example 3 22.5 40.9 681 80.8

Example 4 22.6 41.0 683 80.7

Example 5 22.2 40.6 678 80.6

Comparative 
Example

18.6 40.3 684 67.5
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forming a dielectric film (144) on the first main surface;
forming a base electrode (123) on the base layer; and
forming an emitter electrode on the emitter layer; characterised in that
the surface of the semiconductor substrate is subjected to etching on the portion where the diffusion mask has
been removed after the step of removing the diffusion mask in a pattern and before the step of forming the base
layer, and
a recess (158) is formed on the first main surface by the etching, while the surface of the recess is flat.

2. The method for manufacturing a solar cell according to claim 1
wherein, after forming the base layer, the film thickness of a silicon oxide film on the base layer is 95 nm or less.

3. The method for manufacturing a solar cell according to claim 1 or 2, wherein the first conductivity type is N-type,
and the second conductivity type is P-type, preferably
wherein, in the step of forming the emitter layer, a glass layer is formed on the first main surface simultaneously
with forming the emitter layer; and in the step of forming the diffusion mask, the diffusion mask is formed on the
emitter layer with the glass layer being left; and/or
wherein the base electrode and the emitter electrode are formed after forming the dielectric film without removing
the dielectric film.

4. The method for manufacturing a solar cell according to claim 3, wherein the step of forming the dielectric film is a
step of forming an aluminum oxide film to cover the base layer and the emitter layer and forming a silicon nitride
film on the aluminum oxide film.

5. The method for manufacturing a solar cell according to any one of claims 1 to 4, wherein the emitter layer (112) is
formed on an entire surface of the first main surface in the step of forming the emitter layer.

6. The method for manufacturing a solar cell according to any one of claims 1 to 5, wherein the unevenness is a texture.

7. A solar cell comprising:

a semiconductor substrate (110) of a first conductivity type;
a base layer (113) of the first conductivity type, having a dopant concentration higher than in the semiconductor
substrate, and an emitter layer (112) of a second conductivity type which is an opposite conductivity type to the
first conductivity type, each of the layer being provided on a first main surface of the substrate;
a dielectric film (144) provided on the base layer and the emitter layer;
a base electrode (123) electrically connected with the base layer; and
an emitter electrode (122) electrically connected with the emitter layer;
wherein, a surface of the semiconductor substrate is provided with unevenness formed at least at the contact
interface between the emitter electrode and the emitter layer; characterised in that the first main surface has
a recess (158) in a pattern, while the surface of the recess is flat, and the base layer is formed on the surface
of the recess.

8. The solar cell according to claim 7, wherein the first conductivity type is N-type, and the second conductivity type
is P-type, preferably
wherein the dielectric film has a layered structure of an aluminum oxide film and a silicon nitride film, with the
aluminum oxide film being in contact with the first main surface.

9. The solar cell according to claim 7 or 8, wherein the base layer (113) and the emitter layer (112) are contiguous to
each other.

10. The solar cell according to any one of claims 7 to 9, wherein the semiconductor substrate is provided with unevenness
formed on a second main surface of the substrate.

11. The solar cell according to any one of claims 7 to 10, wherein the unevenness is a texture.

12. A photovoltaic module comprising the solar cell according to any one of claims 7 to 11 built-in.

13. A photovoltaic power generation system comprising the photovoltaic module according to claim 12.
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Patentansprüche

1. Verfahren zur Herstellung einer Solarzelle, umfassend die Schritte von:

Bilden einer Unebenheit (168, 169) an beiden Hauptflächen eines Halbleitersubstrats (110) von einem ersten
Konduktivitätstyp;
Bilden einer Emitter-Schicht (112) von einem zweiten Konduktivitätstyp, der ein zu dem ersten Konduktivitätstyp
entgegengesetzter Typ ist, auf einer ersten Hauptfläche des Halbleitersubtrats;
Bilden einer Diffusionsmaske (156) auf der Emitter-Schicht;
Entfernen der Diffusionsmaske in einem Muster, um eine verbleibende Diffusionsmaske in einem anderen als
dem Bereich, in dem die Diffusionsmaske entfernt wurde, zu erhalten;
Bilden einer Basisschicht (113) vom ersten Konduktivitätstyp, mit einer Dotierungsmittelkonzentration größer
als in dem Halbleitersubstrat in dem Bereich der ersten Hauptfläche, wo die Diffusionsmaske entfernt wurde;
Entfernen der verbleibenden Diffusionsmaske;
Bilden eines dielektrischen Films (144) auf der ersten Hauptfläche;
Bilden einer Basiselektrode (123) auf der Basisschicht; und
Bilden einer Emitter-Elektrode auf der Emitter-Schicht; dadurch gekennzeichnet, dass die Oberfläche des
Halbleitersubstrats einem Ätzen unterworfen wird in dem Bereich, wo die Diffusionsmaske entfernt wurde, nach
dem Schritt des Entfernens der Diffusionsmaske in einem Muster und vor dem Schritt des Bildens der Basis-
schicht, und ein Ausschnitt (158) wird auf der ersten Hauptfläche durch Ätzen gebildet, wobei die Oberfläche
des Ausschnitts flach ist.

2. Verfahren zur Herstellung einer Solarzelle nach Anspruch 1, wobei nach Bilden der Basisschicht die Filmdicke eines
Siliziumoxidfilms auf der Basisschicht 95 nm oder geringer ist.

3. Verfahren zur Herstellung einer Solarzelle nach Anspruch 1 oder 2, wobei der erste Konduktivitätstyp ein N-Typ ist,
und der zweite Konduktivitätstyp ein P-Typ ist, vorzugsweise
wobei in dem Schritt des Bildens der Emitter-Schicht eine Glasschicht auf der ersten Hauptfläche simultan mit dem
Bilden der Emitter-Schicht gebildet wird; und in dem Schritt des Bildens der Diffusionsmaske wird die Diffusionsmaske
auf der Emitter-Schicht gebildet mit der zurückgelassenen Glasschicht; und/oder
wobei die Basiselektrode und die Emitter-Elektrode gebildet werden nach Bilden des dielektrischen Films ohne
Entfernen des dielektrischen Films.

4. Verfahren zur Herstellung einer Solarzelle nach Anspruch 3, wobei der Schritt des Bildens des dielektrischen Films
ein Schritt ist, bei dem ein Aluminiumoxidfilm gebildet wird, um die Basisschicht und die Emitter-Schicht abzudecken,
und wobei ein Siliziumnitridfilm auf dem Aluminiumoxidfilm gebildet wird.

5. Verfahren zur Herstellung einer Solarzelle nach irgendeinem der Ansprüche 1 bis 4, wobei die Emitter-Schicht (112)
auf einer Gesamtfläche der ersten Hauptfläche in dem Schritt des Bildens der Emitter-Schicht gebildet wird.

6. Verfahren zur Herstellung einer Solarzelle nach irgendeinem der Ansprüche 1 bis 5, wobei die Unebenheit eine
Textur ist.

7. Solarzelle, umfassend:

ein Halbleitersubtrat (110) von einem ersten Konduktivitätstyp;
eine Basisschicht (113) vom ersten Konduktivitätstyp mit einer Dotierungsmittelkonzentration, die größer ist als
in dem Halbleitersubstrat, und eine Emitter-Schicht (112) von einem zweiten Konduktivitätstyp, der ein dem
ersten Konduktivitätstyp entgegengesetzter Konduktivitätstyp ist, wobei jede Schicht auf der ersten Hauptfläche
des Substrats vorgesehen ist;
einen dielektrischen Film (144), vorgesehen auf der Basisschicht und der Emitter-Schicht;
eine Basiselektrode (123), elektrisch verbunden mit der Basisschicht; und
eine Emitter-Elektrode (122), elektrisch verbunden mit der Emitter-Schicht;
wobei eine Oberfläche des Halbleitersubstrats mit Unebenheit versehen ist, gebildet mindestens an der Kon-
taktgrenzfläche zwischen der Emitter-Elektrode und der Emitter-Schicht, dadurch gekennzeichnet, dass die
erste Hauptfläche einen Ausschnitt (158) in einem Muster hat, wobei die Oberfläche des Ausschnitts flach ist,
und die Basisschicht ist auf der Fläche des Ausschnitts gebildet.
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8. Solarzelle nach Anspruch 7, wobei der erste Konduktivitätstyp ein N-Typ ist und der zweite Konduktivitätstyp ein
P-Typ ist, vorzugsweise
hat der dielektrische Film eine Schichtenstruktur mit einem Aluminiumoxidfilm und einem Siliziumnitridfilm, wobei
der Aluminiumoxidfilm in Kontakt steht mit der ersten Hauptfläche.

9. Solarzelle nach Anspruch 7 oder 8, wobei die Basisschicht (113) und die Emitter-Schicht (112) zueinander benach-
bart sind.

10. Solarzelle nach irgendeinem der Ansprüche 7 bis 9, wobei das Halbleitersubstrat mit einer Unebenheit versehen
ist, die auf der zweiten Hauptfläche des Substrates gebildet wird.

11. Solarzelle nach irgendeinem der Ansprüche 7 bis 10, wobei die Unebenheit eine Textur ist.

12. Photovoltaisches Modul, umfassend die Solarzelle nach irgendeinem der Ansprüche 7 bis 11, eingebaut.

13. Photovoltaisches leistungserzeugendes System, umfassend das photovoltaische Modul nach Anspruch 12.

Revendications

1. Procédé de fabrication d’une cellule solaire, comprenant les étapes de :

formation d’une irrégularité (168, 169) sur les deux surfaces principales d’un substrat semi-conducteur (110)
d’un premier type de conductivité ;
formation d’une couche d’émetteur (112) d’un second type de conductivité qui est un type de conductivité
opposé au premier type de conductivité, sur une pre-mière surface principale du substrat semi-conducteur ;
formation d’un masque de diffusion (156) sur la couche d’émetteur ;
retrait du masque de diffusion selon un motif pour avoir un masque de diffusion restant au niveau d’une autre
partie qu’une partie (157) où le masque de diffusion a été retiré ;
formation d’une couche de base (113) du premier type de conductivité, ayant une concentration de dopant
supérieure à celle du substrat semi-conducteur, sur la partie de la première surface principale où le masque
de diffusion a été retiré ;
retrait du masque de diffusion restant ;
formation d’un film diélectrique (144) sur la première surface principale ;
formation d’une électrode de base (123) sur la couche de base ; et
formation d’une électrode d’émetteur sur la couche d’émetteur ; caractérisé en ce que la surface du substrat
semi-conducteur est soumise à une gravure sur la partie où le masque de diffusion a été retiré après l’étape
de retrait du masque de diffusion selon un motif et avant l’étape de formation de la couche de base, et
un évidement (158) est formé sur la première surface principale par la gravure, tandis que la surface de l’évi-
dement est plate.

2. Procédé de fabrication d’une cellule solaire selon la revendication 1, dans lequel, après la formation de la couche
de base, l’épaisseur de film d’un film d’oxyde de silicium sur la couche de base est de 95 nm ou moins.

3. Procédé de fabrication d’une cellule solaire selon la revendication 1 ou 2, dans lequel le premier type de conductivité
est de type N, et le second type de conductivité est de type P, de préférence
dans lequel, à l’étape de formation de la couche d’émetteur, une couche de verre est formée sur la première surface
principale simultanément à la formation de la couche d’émetteur ; et à l’étape de formation du masque de diffusion,
le masque de diffusion est formé sur la couche d’émetteur avec la couche de verre restant ; et/ou
dans lequel l’électrode de base et l’électrode d’émetteur sont formées après la formation du film diélectrique sans
retrait du film diélectrique.

4. Procédé de fabrication d’une cellule solaire selon la revendication 3, dans lequel l’étape de formation du film dié-
lectrique est une étape de formation d’un film d’oxyde d’aluminium pour recouvrir la couche de base et la couche
d’émetteur et de formation d’un film de nitrure de silicium sur le film d’oxyde d’aluminium.

5. Procédé de fabrication d’une cellule solaire selon l’une quelconque des revendications 1 à 4, dans lequel la couche
d’émetteur (112) est formée sur toute une surface de la première surface principale à l’étape de formation de la
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couche d’émetteur.

6. Procédé de fabrication d’une cellule solaire selon l’une quelconque des revendications 1 à 5, dans lequel l’irrégularité
est une texture.

7. Cellule solaire comprenant :

un substrat semi-conducteur (110) d’un premier type de conductivité ;
une couche de base (113) du premier type de conductivité, ayant une concentration de dopant supérieure à
celle du substrat semi-conducteur, et une couche d’émetteur (112) d’un second type de conductivité qui est un
type de conductivité opposé au premier type de conductivité, chacune des couches étant disposée sur une
première surface principale du substrat ;
un film diélectrique (144) disposé sur la couche de base et la couche d’émetteur ;
une électrode de base (123) connectée électriquement à la couche de base ; et
une électrode d’émetteur (122) connectée électriquement à la couche d’émetteur ;
dans lequel, une surface du substrat semi-conducteur est pourvue d’une irrégularité formée au moins au niveau
de l’interface de contact entre l’électrode d’émetteur et la couche d’émetteur ; caractérisé en ce que la première
surface principale a un évidement (158) selon un motif, tandis que la surface de l’évidement est plate, et la
couche de base est formée sur la surface de l’évidement.

8. Cellule solaire selon la revendication 7, dans laquelle le premier type de conductivité est de type N, et le second
type de conductivité est de type P, de préférence
dans laquelle le film diélectrique a une structure en couches d’un film d’oxyde d’aluminium et d’un film de nitrure
de silicium, avec le film d’oxyde d’aluminium en contact avec la première surface principale.

9. Cellule solaire selon la revendication 7 ou 8, dans laquelle la couche de base (113) et la couche d’émetteur (112)
sont contiguës l’une à l’autre.

10. Cellule solaire selon l’une quelconque des revendications 7 à 9, dans laquelle le substrat semi-conducteur est
pourvu d’une irrégularité formée sur une seconde surface principale du substrat.

11. Cellule solaire selon l’une quelconque des revendications 7 à 10, dans laquelle l’inégalité est une texture.

12. Module photovoltaïque comprenant la cellule solaire selon l’une quelconque des revendications 7 à 11, intégrée.

13. Système de génération d’énergie photovoltaïque comprenant le module photovoltaïque selon la revendication 12.
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