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(54) [TITLE OF THE INVENTION] METHOD FOR
MANUFACTURING BSF SOLAR CELL
(57) Abstract . n
PURPOSE 1: n" single crystal silicon substrate

2: p-type polysilicon layer

To provide a method for stably manufacturing BSF solar o o
5: n* polysilicon layer

cells with high photoelectric conversion efficiency.

SOLUTION

A method for manufacturing a BSF solar cell having an n°

phase single crystal silicon (hereinafter referred to as 4

"Si") substrate 1, a p-type poly-Si layer 2 provided on a W{ 3
light input side surface of the substrate, and an n* poly-Si E 74| 1/ ,2
layer 5 on an opposite side surface of the substrate that — Yempem oo Ny S TS Vg N <

forms an HL junction with the Si substrate, wherein the ,/ ,/ / '/ e 1
n* poly-Si layer is formed using BoHe/SiH4/SiF4 as a raw d

material gas. This method can prevent generation of T —— —
suspended contaminants in the film formation chamber
even though SiF4 that emits halogen atoms is used, and
enables reducing the substrate heating temperature even
though the thermal CVD method is used, which has the
effect of improving the film quality of the n* poly-Si layer
and enables stable production of BSF solar cells with high
photoelectric conversion efficiency.
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Claims

Claim 1 A method of manufacturing a BSF solar cell containing an n-type or p-type silica substrate, an n-type or p-type
silicon layer provided on the light-input side surface of the silicon substrate, forming a p-n junction with the silicon
substrate, and an n- or p-silicon layer provided on an opposite side of the silicon substrate, forming a HL junction with
the silicon substrate; the method comprising:

supplying a film forming gas containing silicon atoms, an SiF4 gas, and an n-type or p-type dopant gas to a film forming
chamber in which an n-type or p-type silicon substrate is installed; thermally decomposing the supplied gases by bringing
into proximity with the heated silicon substrate; and

forming the n* or p* silicon layer on the n-type or p-type silicon substrate surface while using a fluorine radical generated
by reacting the radical component of the thermally decomposed film forming gas and the SiF4 gas as an etching
component.

Claim 2 A method of manufacturing a BSF solar cell containing an n-type or p-type silica substrate, an n-type or p-type
silicon layer provided on the light-input side surface of the silicon substrate, forming a p-n junction with the silicon
substrate, and an n- or p-silicon layer provided on an opposite side of the silicon substrate, forming a HL junction with
the silicon substrate; the method comprising:

supplying a film forming gas primarily containing silicon hydride and a fluorinated silane gas expressed by SiHmFa.m
(where m is 1 to 3), and an n-type or p-type dopant gas to a film forming chamber in which an n-type or p-type silicon
substrate is installed; thermally decomposing the supplied gases by bringing into proximity with the heated silicon
substrate; and

forming the n* or p* silicon layer on the n-type or p-type silicon substrate surface while using a fluorine radical generated
by reacting a fluorine based radical generated by thermal decomposition of the fluorinated silane gas, a radical component
of the thermally decomposed film forming gas, and the fluorinated silane gas, as an etching component.

Claim 3 A method for manufacturing a BSF solar cell according to claim 1 or 2, wherein a net-like heating member is
placed in the spatial area proximal to the n-type or p-type silicon substrate installed in the film forming chamber so as to
cover the substrate.

Claim 4 A method of manufacturing a BSF solar cell containing an n-type or p-type silica substrate, an n-type or p-type
silicon layer provided on the light-input side surface of the silicon substrate, forming a p-n junction with the silicon
substrate, and an n- or p-silicon layer provided on an opposite side of the silicon substrate, forming a HL junction with
the silicon substrate; the method comprising:

forming the n* or p* silicon layer on the heated silicon substrate surface by photo-CVD method.

Claim 5 A method of manufacturing a BSF solar cell containing an n-type or p-type silica substrate, an n-type or p-type
silicon layer provided on the light-input side surface of the silicon substrate, forming a p-n junction with the silicon
substrate, and an n* or p" silicon layer provided on an opposite side of the silicon substrate, forming a HL junction with
the silicon substrate; the method comprising:

supplying a fluorinated silane gas expressed by SiHmFa.m (where m is 1 to 3) to a film forming chamber in which an n-
type or p-type silicon substrate is installed; and

forming the n* or p* silicon layer on the heated silicon substrate surface by an ion plating method under conditions where
the fluorinated silane gas or SiF4 gas exist.

DETAILED DESCRIPTION OF THE INVENTION

[0001]

FIELD OF INDUSTRIAL USE

The present invention relates to a method for manufacturing a BSF (Back Surface Field) type solar cell, and in particular,
to a method for manufacturing a BSF type solar cell that can stably produce BSF type solar cells with high photoelectric
conversion efficiency.

[0002]

CONVENTIONAL TECHNOLOGY

As depicted in FIGS. 7 and 8, for example, the main parts of this type of BSF solar cell include a p-type single crystal
silicon substrate a, an n* silicon layer b provided on the light input side of the silicon substrate a to form a pn junction
with the silicon substrate a, an anti-reflection layer ¢ of indium tin oxide (ITO) uniformly deposited on the n* silicon layer
b, a comb-like electrode d provided on the anti-reflection layer ¢, and a p* silicon layer e provided on the opposite side of
the silicon substrate a to form a high-low (HL) junction with the silicon substrate. A structure is also known where the
electrons and holes generated by light incidence are extracted from the above electrodes d and f as electric current.
[0003] Note that FIG. 9 depicts a conceptual structural model of a BSF solar cell structure, and FIG. 10 depicts the energy
band diagram of a BSF solar cell having this structure.

[0004] Furthermore, with this BSF solar cell, the built-in electric field between the silicon substrate a and the p* silicon
layer e, which forms the HL junction g, acts as a barrier to the diffusion of minority carriers (in this case, electrons) to the
back electrode f, apparently increasing the diffusion length of the electrons, and since the p* silicon layer e becomes an
ohmic electrode with low resistance to holes, the series resistance is reduced, thus providing an advantage of improving
the photoelectric conversion efficiency.

[0005] Incidentally, the p* silicon layer e, which increases the open circuit voltage, has conventionally been formed by
the "thermal diffusion method". In other words, the single-crystal silicon substrate a was introduced into a reaction
chamber filled with p-type dopant gas containing B (boron) or the like, and this dopant gas was thermally diffused and
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formed into the silicon substrate a under high temperature conditions of around 1000°C, or a p-type dopant layer of Al
(aluminum) or the like was stacked on the single-crystal silicon substrate a surface and baked under high temperature
conditions of around 1000°C to form a p+ silicon layer e.

[0006] However, when the p* silicon layer e is formed by this "thermal diffusion method", it is difficult to control the
thickness of the p* silicon layer e and the layer thickness tends to be large, ranging from several hundred angstroms to
several micrometers, and the diffusion distance of dopant gases such as B and A1 tends to change due to slight variations
in the thermal conditions, so the characteristics of the silicon substrate a are prone to variation.

[0007] Furthermore, with the above "thermal diffusion method," dopant gases can easily wrap-around, and the dopant
gas may thermally diffuse into the n-silicon layer b which forms a pn junction with the silicon substrate, and the silicon
substrate is exposed to high temperatures of around 1000°C, causing thermal degradation of the substrate, and the like.
[0008] Against this technical background, the patent applicant has already proposed a manufacturing method for BSF
solar cells in which an n* or p* silicon layer that forms an HL junction with the n- or p-type silicon substrate is formed by
the plasma CVD method. In other words, this manufacturing method has the advantage of improving the photoelectric
conversion efficiency because the thermal conditions during the formation of the n* or p* silicon layer are relaxed
compared to the conventional thermal diffusion method, so degradation of the silicon substrate properties does not easily
occur. Furthermore, this method has the advantage of improving the photoelectric conversion efficiency because the
thickness of the n- silicon layer or p* silicon layer can be reduced to a few tens of angstroms to a few hundred angstroms.
[0009]

PROBLEM TO BE SOLVED BY THE INVENTION

Incidentally, this manufacturing method using the plasma CVD method has the aforementioned advantages of low-
temperature film formation of the n* silicon or p* silicon layers and thinning of the layers, but on the other hand, this
method can easily generate a large amount of suspended contaminants in the film formation chamber during the film
formation process of the n* silicon or p* silicon layers, and these suspended contaminants become mixed into the n+
silicon or p* silicon layers during the film formation process and cause deterioration of the film properties.

[0010] In other words, with this manufacturing method using the plasma CVD method, the plasmaized raw material gas
is uniformly distributed in the plasma forming region in the film forming chamber and the plasmaized raw material gas
is in an excited state, so the raw material gases react with each other in any space in the film forming chamber to generate
silicon powder. In addition, the plasma gas reacts with the raw material gases in areas other than the substrate, for example,
the inner walls of the film forming chamber, causing silicon to precipitate and peel off in a powdery form, or the like, and
thus a large amount of floating foreign material is easily generated in powder form.

[0011] Furthermore, with the plasma CVD method, halogen gas is sometimes added in addition to SiHa gas, which is the
film forming gas, and the etching action of the halogen atoms easily corrodes the inner wall surfaces of the film forming
chamber and internal tool surfaces, causing these corroded surfaces to peel off and join the floating particles described
above.

[0012] Therefore, while the above manufacturing method using the plasma CVD method has the aforementioned
advantages, there is difficulty in forming a good quality n* silicon layer or p- silicon layer, and as a result, the photoelectric
conversion efficiency of the BSF-type solar cells obtained has certain limitations.

[0013] In light of the foregoing, an object of the present invention is to resolve these problems, and to provide a method
to stably manufacture BSF solar cells with further improved photoelectric conversion efficiency by selecting a thermal
CVD method, optical CVD method, or an ion plating method that can form high-quality n* or p~ silicon layers under low-
temperature film forming conditions.

[0014]

MEANS FOR SOLVING THE PROBLEM

In other words, the invention according to claim 1 is based on a method of manufacturing a BSF solar cell containing an
n-type or p-type silica substrate, an n-type or p-type silicon layer provided on the light-input side surface of the silicon
substrate, forming a p-n junction with the silicon substrate, and an n* or p* silicon layer provided on an opposite side of
the silicon substrate, forming a HL junction with the silicon substrate; the method including: supplying a film forming
gas containing silicon atoms, an SiF4 gas, and an n-type or p-type dopant gas to a film forming chamber in which an n-
type or p-type silicon substrate is installed; thermally decomposing the supplied gases by bringing into proximity with
the heated silicon substrate; and forming the n™ or p* silicon layer on the n-type or p-type silicon substrate while using a
fluorine radical generated by reacting the radical component of the thermally decomposed film forming gas and the SiFs
gas as an etching component. Furthermore, the invention according to claim 2 is based on a method of manufacturing a
BSEF solar cell containing an n-type or p-type silica substrate, an n-type or p-type silicon layer provided on the light-input
side surface of the silicon substrate, forming a p-n junction with the silicon substrate, and an n* or p* silicon layer provided
on an opposite side of the silicon substrate, forming a HL junction with the silicon substrate; the method comprising:
supplying a film forming gas primarily containing silicon hydride and a fluorinated silane gas expressed by SiHmFa.m
(where m is 1 to 3), and an n-type or p-type dopant gas to a film forming chamber in which an n-type or p-type silicon
substrate is installed; thermally decomposing the supplied gases by bringing into proximity with the heated silicon
substrate; and forming the n- or p- silicon layer on the n-type or p-type silicon substrate surface while using a fluorine
radical generated by reacting a fluorine based radical generated by thermal decomposition of the fluorinated silane gas, a
radical component of the thermally decomposed film forming gas, and the fluorinated silane gas, as an etching component.
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[0015] Furthermore, with the invention according to claim 1, SiF4 gas, which is not subject to thermal decomposition, is
used as the gas that releases halogen atoms, and in the invention according to claim 2, fluorinated silane gas, which has a
higher thermal decomposition temperature than the film forming gas, is used as the gas that releases halogen atoms.
Therefore, thermal decomposition of SiF4 and fluorinated silane gas does not readily occur in regions with low
temperature distribution away from the substrate in the film forming chamber, and the concentration of fluorinated
radicals in this area is low.

[0016] Therefore, compared to the conventional manufacturing method using a plasma CVD method, there is less
possibility that the film forming gas reacts with fluorine radicals to form silicon powder in any space in the film forming
chamber, or that the inner wall surface of the chamber or the internal tool surface is corroded by the fluorine radicals.
Therefore, it is possible to prevent the generation of floating particles in the film forming chamber even though SiF4 or
fluorinated silane gas, which releases halogen atoms, is used.

[0017] On the other hand, with the invention according to claim 1, while the SiFs gas is not susceptible to thermal
decomposition, thermal decomposition is accelerated by reaction with the radical components of the film forming gas
such as thermally decomposed silane compounds, and the like. Therefore, decomposition can easily occur in regions
where radical components are abundant, namely, the region near the n-type or p-type silicon substrate, which leads to an
uneven distribution of high concentrations of fluorine radicals in these regions. Furthermore, with the invention according
to claim 2, the fluorinated silane gas such as SiH2F> is easily thermally decomposed in the high temperature region near
the n-type or p-type silicon substrate, and decomposition is accelerated by the reaction with radical components (SiHx
radical, H radical, and the like) of the thermally decomposed film forming gas. This causes a high concentration of fluorine
radicals to be unevenly distributed in the region near the substrate.

[0018] Therefore, only impurities mixed in the n* or p* silicon layer on the n-type or p-type silicon substrate or in the
growing n* or p* silicon layer are selectively etched and removed by the action of the fluorine radical, and thus the
invention according to claim 1 or 2 can reduce the substrate heating temperature in spite of the use of the thermal CVD
method, which normally requires high temperature heating to remove the impurities.

[0019] Note that if the invention according to claim 1 or 2 is provided with heating means for heating the substrate in the
space near the substrate in the film forming chamber, the substrate heating temperature can be further reduced because
the thermal decomposition of the film forming gas is accelerated. The invention according to claim 3 is based on this
technical reason.

[0020] In other words, the invention according to claim 3 is based on the method for manufacturing a BSF solar cell
according to claim 1 or 2, wherein a net-like heating member is provided in the spatial area proximal to the n-type or p-
type silicon substrate installed in the film forming chamber so as to cover the substrate.

[0021] Furthermore, the above-mentioned heat-generating member, which is placed in the space near the n-type or p-
type silicon substrate, has a shape that does not interfere with the film formation of the n* or p* silicon layer even if it is
placed so as to cover the entire substrate surface, and is composed of a material that generates enough heat to cause the
film forming gas such as silicon hydride or the like to thermally decompose in the area near the substrate. Therefore,
specific examples include mesh-shaped thermal filaments made of tungsten, thoriated tungsten, or the like.

[0022] Furthermore, with the thermal CVD method of the invention according to claims 1 to 3, an exhaust process is
continuously performed during the film forming process downstream of the film forming chamber to maintain a constant
vacuum in the film forming chamber, and fluorine radicals used for etching and excess fluorine radicals are removed from
the chamber by the above exhaust process.

[0023] Here, in the invention according to claims 1 to 3, an amorphous silicon layer, a polysilicon layer, or a single
crystal silicon layer in which an n- or p-type dopant gas is introduced is used as the n* or p* silicon layer that forms the
HL junction with the n-type or p-type silicon substrate. In this case, a single crystal silicon layer with low resistance is
preferable to a polysilicon layer, from the viewpoint of reducing internal resistance, and a polysilicon layer with low
resistance is preferable to an amorphous silicon layer.

[0024] Compounds containing Sb (antimony), As (arsenic), and P (phosphorus) in Group III of the periodic table of
elements can be used as the n-type dopant gas, and specific examples include SbH3, SbCls, AsHs, AsoHs, PH3, and the
like. Compounds containing Ga (gallium), B (boron), In (indium), and Al (aluminum) in Group V of the periodic table of
elements can be used as the p-type dopant gas, and specific examples include B2Hs, Ga(CHs3)3, In(CH3)3, and AI(CH3)s.
[0025] Furthermore, in the invention according to claim 1 or 3, the film forming gas containing silicon atoms can be a
silicon hydride such as SiHa, Si>He, SizHs, or the like, which are easily thermally decomposed, or a halogenated silane
such as SiHmX4.m (Where mis 1 to 3, preferably 2 to 3, and X represents a Cl or F atom, preferably an F atom). Note that
hydrogen gas may be added to the film-forming gas. This is because hydrogen radicals act on the SiF4 gas to accelerate
decomposition. When the latter type of silane halide gas is used as the film forming gas, a blending ratio of this silane
halide gas that is too high may cause the floating foreign material described above to be generated in the film forming
chamber. Therefore, when a halogenated silane gas indicated by SiHmXa-m is used, the blending ratio should be lower
than that of SiFa.

[0026] Furthermore, SiH4, Si2Hs, and SisHs, and the like can be used as the silicon hydride that constitutes the main part
of the film forming gas in the invention according to claim 2 or 3. Furthermore, hydrogen gas may be added to the film
forming gas as in the invention according to claim 1 or 3. This is because the hydrogen radical also reacts with fluorinated
silane gas such as SiH2F2 and promotes thermal decomposition thereof.
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[0027] Note that an inert gas such as helium, neon, argon, or the like may be added as a dilution gas to the film forming
gas in the invention according to claims 1 to 3.

[0028] Furthermore, in the method for manufacturing BSF solar cells according to the invention of claims 1 to 3, the
vacuum level in the film forming chamber before starting film formation is set to a level where impurities slightly remain
in the chamber (about 10~ Torr), and the temperature of the installed n-type or p-type silicon substrate is set to about
500°C to 700°C. Next, at least the film forming gas, SiF4 gas, and n-type or p-type dopant gas are supplied, or at least the
above film forming gas, fluorinated silane gas expressed by SiHmF4-m (Where m is 1 to 3), and the n- or p-type dopant gas
are supplied to form the n* or p* silicon layer on the n-type or p-type silicon substrate. In this case, even if the substrate
heating temperature is set to a low temperature of 500°C to 700°C, impurities are selectively removed by the etching
action of the fluorine radicals, and there is almost no possibility of adverse effects on the film properties of the n* or p*
silicon layer because hardly any floating contamination occurs.

[0029] Therefore, this has the advantage of enabling stable production of BSF solar cells with further improved
photoelectric conversion efficiency.

[0030] Next, the invention according to claims 4 to 5 relates to a method for manufacturing BSF solar cells in which
optical CVD or ion plating methods are used instead of the thermal CVD method used for forming the n* or p* silicon
layers in the invention according to claims 1 to 3.

[0031] First, the invention according to claim 4 is based on a method of manufacturing a BSF solar cell containing an n-
type or p-type silica substrate, an n-type or p-type silicon layer provided on the light-input side surface of the silicon
substrate, forming a p-n junction with the silicon substrate, and an n- or p-silicon layer provided on an opposite side of
the silicon substrate, forming a pn junction with the silicon substrate; the method including: forming the n- or p- silicon
layer on the heated silicon substrate surface by photo-CVD method.

[0032] In other words, as depicted in FIG. 5, this optical CVD device includes, as main parts, a film forming chamber
11, a UV irradiation lamp 31 installed in the film forming chamber 11 through a quartz window 30, a substrate holder 13
installed on the opposite side of the UV irradiation lamp 31 and incorporating a heater 15, gas supply sources 16, 17 that
supply a film forming gas such as SiHa, appropriate dopant gas, hydrogen gas, and the like into the film forming chamber
11, and a pressure reducing pump 18 connected via a regulator valve 19. The method includes providing an n-type or p-
type silicon substrate 14 in the film forming chamber 11, heating the silicon substrate 14 to approximately 500 to 600°C,
and forming an n* or p* silicon layer on the n-type or p-type silicon substrate 14 by supplying film forming gas, dopant
gas, and the like from the gas supply sources 16 and 17, and then irradiating with ultraviolet rays.

[0033] Furthermore, the manufacturing method of the invention according to claim 4 has the advantage of stably
manufacturing BSF solar cells with further improved photoelectric conversion efficiency similar to the invention
according to claims 1 to 3, because n* or p* silicon layers with good film quality can be formed on the p-type silicon
substrate 14 under low temperature film formation conditions.

[0034] Next, the invention according to claim 5 is based on a method of manufacturing a BSF solar cell containing an n-
type or p-type silica substrate, an n-type or p-type silicon layer provided on the light-input side surface of the silicon
substrate, forming a p-n junction with the silicon substrate, and an n* or p* silicon layer provided on an opposite side of
the silicon substrate, forming a pn junction with the silicon substrate; the method comprising: supplying a fluorinated
silane gas expressed by SiHmF4.m (Where m is 1 to 3) or SiF4 gas to a film forming chamber in which an n-type or p-type
silicon substrate is installed; and forming the n- or p- silicon layer on the heated silicon substrate surface by an ion plating
method under conditions where the fluorinated silane gas or SiF4 gas exist.

[0035] In other words, as depicted in FIG. 6, this ion plating device includes as main parts, a film forming chamber 11,
a resistance heating and evaporating source 40 installed in the lower part of the film forming chamber 11 and containing
a Si target mixed with a dopant as a film forming material, an RF coil 41 provided in the upper space of the resistance
heating and evaporating source 40, a shutter 42 that adjusts the amount supplied from the resistance heating and
evaporating source 40, and a substrate holder 43 installed in the upper part of the film forming chamber 11 for heating a
silicon substrate 14 to about 600 to 700°C. The RF coil 41 is connected to a high-frequency power supply 44, and the
substrate holder 43 is connected to a positive high-voltage power supply (not shown). Furthermore, the n-type or p-type
silicon substrate 14 is placed in the film forming chamber 11, fluorinated silane gas or SiFs4 gas is supplied into the
chamber 11, and the above silicon substrate 14 is heated to about 600 to 700°C. Next, the dopant and silicon are evaporated
from the resistance heating and evaporating source 40 to form an n” or p* silicon layer on the n-type or p-type silicon
substrate 14.

[0036] In the invention according to claim 5, as in the inventions according to claims 1 to 3, fluorinated silane gas or
SiF4 gas, which does not easily thermally decompose, is used as the gas that releases halogen atoms, so a high
concentration of fluorine radicals is unevenly distributed in the region near the n-type or p-type silicon substrate. In other
words, radical components of thermally decomposed silicon molecules are unevenly distributed proximal to the n-type
or p-type silicon substrate, so high concentrations of fluorine radicals are unevenly distributed due to the reaction of these
radical components with the fluorinated silane gas or SiFs gas. Furthermore, only impurities mixed in the n* or p* silicon
layer on the n-type or p-type silicon substrate or in the growing n* or p* silicon layer are selectively etched away by the
action of the fluorine radical, so n* or p~ silicon layers with good film quality can be formed on the n-type or p-type silicon
substrate under low temperature film forming conditions. Therefore, there is an advantage of stably producing BSF solar
cells with further improved photoelectric conversion efficiency, similar to the inventions according to claims 1 to 4.
[0037]
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EFFECTS

With the invention according to claim 1, SiF4 gas, which does not easily undergo thermal decomposition, is used as the
gas that releases halogen atoms, and since this gas is difficult to thermally decompose, the concentration of fluorine
radicals is low in the film forming chamber. Therefore, compared to a conventional manufacturing method using a plasma
CVD method, the possibility is extremely low that the film forming gas reacts with fluorine radicals to form silicon
powder in any space in the film forming chamber, or that the inner wall surface of the chamber or the internal tool surface
is corroded by the fluorine radicals. Therefore, it is absolutely possible to prevent the generation of floating particles in
the film forming chamber even though SiF4 gas, which releases halogen atoms, is used.

[0038] On the other hand, the thermal decomposition of the SiF4 gas is accelerated by the reaction with radical
components (SiHx radicals, H radicals, and the like) of the film forming gas, so high concentrations of fluorine radicals
tend to be unevenly distributed in the vicinity of the n-type or p-type silicon substrate where these radical components
are abundant. Due to the action of these fluorine-based radicals, only the impurities mixed on the substrate or in the
growing n* or p* silicon layer are selectively etched and removed. Therefore, the substrate heating temperature can be
reduced even though the thermal CVD method, which normally requires high-temperature heating to remove the
impurities, is used.

[0039] Furthermore, with the invention according to claim 2, a fluorinated silane gas, which has a higher thermal
decomposition temperature than the film forming gas, is used as the gas that releases halogen atoms, and since fluorinated
silane gas does not easily thermally decompose as compared to the film forming gas, the concentration of fluorine radicals
is low in the film forming chamber. Therefore, compared to a conventional manufacturing method using a plasma CVD
method, the possibility is low that the film forming gas reacts with fluorine radicals to form silicon powder in any space
in the film forming chamber, or that the inner wall surface of the chamber or the internal tool surface is corroded by the
fluorine radicals. Therefore, it is possible to prevent the generation of floating contaminants in the film forming chamber
even though a fluorinated silane gas, which releases halogen atoms, is used.

[0040] On the other hand, the fluorinated silane gas is easily thermally decomposed in the high temperature region near
the n-type or p-type silicon substrate, and decomposition is accelerated by the reaction with the radical components (SiHx
radical, H radical, and the like) of the thermally decomposed film forming gas, so a high concentration of fluorine radicals
is unevenly distributed near the n-type or p-type silicon substrate. Since only the impurities mixed in the n” or p* silicon
layer on the substrate or in the growing n” or p" silicon layer are selectively etched and removed by the fluorine radicals,
it is possible to reduce the substrate heating temperature even though the thermal CVD method is used, similar to the
invention according to claim 1.

[0041] Furthermore, according to the invention according to claim 3, a net-shaped heating member is provided in the
space near the n-type or p-type silicon substrate placed in the film forming chamber such that the above substrate is
covered, so the thermal energy emitted by the heating member significantly promotes the thermal decomposition of the
film forming gas in the area near the substrate. This, together with the etching action of the fluorinated radicals, makes it
possible to further reduce the substrate heating temperature.

[0042] Next, with the invention according to claim 4, the n™ or p* silicon layer is formed on the heated silicon substrate
surface by the optical CVD method, so it is possible to form an n” or p- silicon layer with good film quality on the n-type
or p-type silicon substrate under low temperature film forming conditions.

[0043] Furthermore, with the invention according to claim 5, the n* or p* silicon layer is formed on the heated silicon
substrate surface by an ion plating method in the presence of fluorinated silane gas or SiF4 gas, so it is possible to form
an n* or p* silicon layer with good film quality under low temperature film forming conditions on the above n-type or p-
type silicon substrate.

[0044]

EXAMPLES

Examples of the present invention are described below in detail. As depicted in FIG. 1, the BSF solar cell of this example
contains an n-single crystal silicon substrate (100 orientation, specific resistance 1 to 10 Q-cm) 1, a p-type amorphous
silicon or polysilicon layer 2 provided on the light-entering side of the silicon substrate 1 to form a p-n junction with the
silicon substrate 1, an anti-reflection layer 3 uniformly deposited on the p-type amorphous silicon or polysilicon layer 2
and formed of ITO (indium tin oxide), a comb-shaped electrode 4 on the anti-reflection layer 3, formed of silver paste,
an n* amorphous silicon or polysilicon layer 5, which is provided on the opposite side of the silicon substrate 1 and forms
an HL junction with the silicon substrate 1, and a back electrode 6, which is uniformly provided on the back side of the
n* amorphous silicon or polysilicon layer 5 and is formed primarily of aluminum.

[0045] Furthermore, this BSF solar cell is manufactured by the following process.

[0046] [Example 1]

FIG. 3 depicts a schematic diagram of the thermal CVD device used in the present example, in which 11 represents a film
forming chamber, 13 represents a substrate holder with a heater 15, 14 represents an n-single crystal silicon substrate
attached to the substrate holder 13, 16 and 17 are feed sources for the raw material gas, and 18 is a pressure reducing
pump connected to the film forming chamber 11 via a pressure regulator valve 19.

[0047] First, the film forming chamber 11 is evacuated to a vacuum of 1x10~° Torr. Then, the following raw material
gases are introduced into the film forming chamber 11. A p-type polysilicon layer 2 is deposited on one surface based on
the following film forming conditions, and a n* polysilicon layer 5 is deposited on the other side (see FIG. 2A).

[0048] (Manufacturing conditions of p-type polysilicon layer 2)
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Type and composition of raw material gas: BoHe/SiH4/SiF4 = 0.1/10/500

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

Heating temperature of n™ single crystal silicon substrate: 700°C

(Manufacturing conditions of n* polysilicon layer 5)

Type and composition of raw material gas: PH3/SiHa/SiF4 = 0.1/10/330

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

Heating temperature of n™ single crystal silicon substrate: 700°C

Next, as depicted in FIG. 2(B), an antireflection layer 3 was formed by depositing ITO on the p-type polysilicon layer 2
by the sputtering method, a comb-shaped electrode 4 was formed on this surface using silver paste, and an aluminum film
was uniformly formed on the back side of the n™ polysilicon layer 5 by the sputtering method to form a back electrode 6,
thereby forming an example of a BSF solar cell according to the Example (see FIG. 1).

[0049] Furthermore, when the properties of this cell were evaluated, the properties of a conventional cell using the plasma
CVD method as the film forming method of the n-polysilicon layer were 0.57 V to 0.58 V, and 35 mA to 37 mA, while
the properties of the BSF solar cell of this example were 0.59 V to 0.60 V, and 37 mA to 39 mA.

[0050] [Example 2]

This example was essentially the same as Example 1, except that a p-type amorphous silicon layer and an n-amorphous
silicon layer were applied instead of the p-type polysilicon layer 2 and the n* polysilicon layer 5, and the film formation
conditions were as follows.

[0051] Furthermore, even in the BSF solar cell of this example, the properties were 0.59 V to 0.60 V and 37 mA to 39
mA, which was better than the conventional example.

[0052] (Manufacturing conditions of p-type amorphous silicon layer 2)

Type and composition of raw material gas: BoHe¢/SiH4/SiF4/H2 = 0.1/10/100/400

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

Heating temperature of n- single crystal silicon substrate: 600°C

(Manufacturing conditions of n” amorphous silicon layer 5)

Type and composition of raw material gas: PH4/SiH4/SiF4/H2 = 0.1/10/100/400

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

Heating temperature of n” single crystal silicon substrate: 600°C

[Example 3]

This example was essentially the same as Example 2, except that the film forming conditions for the p-type amorphous
silicon layer 2 and the n- amorphous silicon layer 5 were as follows.

[0053] Furthermore, even in the BSF solar cell of this example, the properties were 0.58 V to 0.59 V and 36 mA to 38
mA, which was better than the conventional example.

[0054] (Manufacturing conditions of p-type amorphous silicon layer 2)

Type and composition of raw material gas: In(CH3)3/SiH4/SiHa2F2/argon = 0.1/10/100/400

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

Heating temperature of n™ single crystal silicon substrate: 650°C

(Manufacturing conditions of n” amorphous silicon layer 5)

Type and composition of raw material gas: SbCls/SiH4/SiH2F2/argon = 0.1/10/100/400

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

Heating temperature of n™ single crystal silicon substrate: 650°C

[Example 4]

This example was essentially the same as Example 2, except that the film forming conditions for the p-type amorphous
silicon layer 2 and the n- amorphous silicon layer 5 were as follows.

[0055] Furthermore, even in the BSF solar cell of this example, the properties were 0.58 V to 0.59 V and 36 mA to 38
mA, which was better than the conventional example.

[0056] (Manufacturing conditions of p-type amorphous silicon layer 2)

Type and composition of raw material gas: AI(CH3)3/SiH4/SiH2F2/Hz/argon = 0.1/10/100/300/100

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

Heating temperature of n™ single crystal silicon substrate: 700°C

(Manufacturing conditions of n” amorphous silicon layer 5)

Type and composition of raw material gas: PH3/SiH4/SiH2F2/Ha/argon = 0.1/10/100/300/100

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

Heating temperature of n” single crystal silicon substrate: 700°C
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[Example 5]

This example was essentially the same as Example 1, except that instead of the device depicted in FIG. 3, a thermal CVD
device in which 20 tungsten thermal filaments were arranged in the space near the substrate as depicted in FIG. 4 was
used, and the film forming conditions for the p-type polysilicon layer 2 and the n™ polysilicon layer 5 were as follows.
[0057] Furthermore, even in the BSF solar cell of this example, the properties were 0.59 V to 0.60 V and 37 mA to 39
mA, which was better than the conventional example.

[0058] (Manufacturing conditions of p-type polysilicon layer 2)

Type and composition of raw material gas: Ga(CH3)3/SiH4/SiF4/H2 = 0.1/10/100/400

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

Heating temperature of n” single crystal silicon substrate: 650°C

(Manufacturing conditions of n* polysilicon layer 5)

Type and composition of raw material gas: AsH3/SiH4/SiF4/H2 = 0.1/10/100/400

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

Heating temperature of n™ single crystal silicon substrate: 650°C

[Example 6]

This example was essentially the same as Example 1, except that the thermal CVD device depicted in FIG. 4 was used,
and the film forming conditions for the p-type polysilicon layer 2 and the n* polysilicon layer 5 were as follows.

[0059] Furthermore, even in the BSF solar cell of this example, the properties were 0.58 V to 0.59 V and 36 mA to 38
mA, which was better than the conventional example.

[0060] (Manufacturing conditions of p-type polysilicon layer 2)

Type and composition of raw material gas: BaHe/SiH4/SiH2F2/Ho/argon = 0.1/10/100/400/100

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

Heating temperature of n™ single crystal silicon substrate: 650°C

(Manufacturing conditions of n* polysilicon layer 5)

Type and composition of raw material gas: PH3/SiH4/SiH2F2/Ha/argon = 0.1/10/100/400/100

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

Heating temperature of n™ single crystal silicon substrate: 650°C

[Example 7]

This example was essentially the same as Example 2, except that the optical CVD device depicted in FIG. 5 was used,
and the film forming conditions for the p-type amorphous silicon layer 2 and the n* amorphous silicon layer 5 were as
follows.

[0061] Furthermore, even in the BSF solar cell of this example, the properties were 0.59 V to 0.60 V and 37 mA to 39
mA, which was better than the conventional example.

[0062] (Manufacturing conditions of p-type amorphous silicon layer 2)

Pressure in the film forming chamber: 1 to 10 mTorr

Type and composition of raw material gas: BoHe¢/SiH4/H2 = 0.1/10/300

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

UV light source: Hg lamp

Heating temperature of n™ single crystal silicon substrate: 600°C

(Manufacturing conditions of n+ amorphous silicon layer 5)

Pressure in the film forming chamber: 1 to 10 mTorr

Type and composition of raw material gas: PH3/SiH4/H2 = 0.1/10/300

Feed rate of raw material gas: 5 sccm to 100 sccm

Pressure of raw material gas: 50 mtorr to 1 torr

UV light source: Hg lamp

Heating temperature of n” single crystal silicon substrate: 600°C

[Example 8]

This example was essentially the same as Example 1, except that the ion plating device depicted in FIG. 6 was used, SiFs
gas was supplied into the ion plating device, and the film forming conditions for the p-type polysilicon layer 2 and the n*
polysilicon layer 5 were as follows.

[0063] Furthermore, even in the BSF solar cell of this example, the properties were 0.58 V to 0.59 V and 36 mA to 38
mA, which was better than the conventional example.

[0064] (Manufacturing conditions of p-type polysilicon layer 2)

Pressure in the film forming chamber: 1 to 10 mTorr

Target: BoHe-doped Si

Power input to RF coil: 50 to 200W

Heating temperature of n” single crystal silicon substrate: 700°C
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(Manufacturing conditions of n” polysilicon layer 5)

Pressure in the film forming chamber: 1 to 10 mTorr

Target: PH3-doped Si

Power input to RF coil: 50 to 200W

Heating temperature of n” single crystal silicon substrate: 700°C

[0065]

EFFECT OF THE INVENTION

The invention according to claims 1 and 2 can reliably prevent the generation of suspended particles in the film forming
chamber even though SiF4 gas or fluorinated silane gas that releases halogen atoms is used, and can enable reducing the
substrate heating temperature even though the thermal CVD method is used.

[0066] Furthermore, the invention according to claim 3 significantly enhances thermal decomposition of the film-forming
gas by the action of a heating member provided in the space near the n-type or p-type silicon substrate in the film-forming
chamber, which, in synergy with the etching action of fluorine radicals, enables a further reduction in the substrate heating
temperature.

[0067] Therefore, it is possible to form n or p” silicon layers with good film quality on the n-type or p-type silicon
substrate under low temperature film forming conditions, which has the effect of enabling stable manufacturing of BSF
solar cells with high photoelectric conversion efficiency.

[0068] Next, with the invention according to claim 4, the n* or p~ silicon layer is formed on the heated silicon substrate
surface by the optical CVD method, and with the invention according to claim 5, the n™ or p* silicon layer is formed on
the heated silicon substrate surface by the ion plating method under the conditions where fluorinated silane gas or SiF4
gas is present. Therefore an n” or p silicon layer with good film quality can be formed on the n-type or p-type silicon
substrate under low temperature film forming conditions, similar to the inventions according to claims 1 to 3, and this has
an effect of stably producing BSF solar cells with high photoelectric conversion efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of the BSF solar cell according to an example.

FIG. 2(A) and 2(B) are manufacturing process diagrams for the BSF solar cell.

FIG. 3 is an explanatory diagram of the thermal CVD device used in Example 1.

FIG. 4 is an explanatory diagram of the thermal CVD device used in Example 5.

FIG. 5 is an explanatory diagram of the optical CVD device used in Example 7.

FIG. 6 is an explanatory diagram of the ion plating device used in Example 8.

FIG. 7 is a perspective view of a conventional solar cell.

FIG. 8 is a cross-sectional view of a conventional solar cell.

FIG. 9 is a conceptual diagram depicting a model of the structure of a conventional solar cell.

FIG. 10 is an energy band diagram of a conventional solar cell.

DESCRIPTION OF CODES

1. n single crystal silicon substrate

2. p-type polysilicon layer

5. n" polysilicon layer
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[FIG. 1]

1: m single crystal silicon subsirate

2: p-type polysilicon layer
5: n* polysilicon layer
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[FIG. 6] [FIG. 9]
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