
TITLE OF THE INVENTION Solar Cell and Method of Manufacturing the Same 5TECHNICAL FIELD
The present invention relates to a method of manufacturing a solar cell having passivation films
respectively on both sides of a semiconductor substrate, and a solar cell manufactured by the method.
10 BACKGROUND ART        Crystalline solar cells in recent years have a pn junction type photodiode
structure, generally provided with a p-type semiconductor on one side of a substrate and an n-type 15
semiconductor on the other side. Most of such solar cells have had a configuration in which a diffusion
layer of a conduction type (n type) opposite to the conduction type (p type) of the semiconductor
substrate is provided on the light-receiving side, and an SiNx film as an anti-reflection 20 film is formed
on the diffusion layer.        FIG. 1 shows an example of the sectional configuration of a solar cell
according to the related art in which a p-type semiconductor substrate is used. As shown in FIG. 1, a
thin diffusion layer 103 of a 25 conduction type (n type) opposite to the conduction type of the p-type
semiconductor substrate 104 is provided on the light-receiving surface side, and a silicon nitride (SiNx)
film as an anti-reflection film 102 is formed thereon. In addition, electrodes 101 for collecting
photo-excited 30 carriers are provided on the anti-reflection film 102 at an interval of several
millimeters (an interval of about 0.1 to 5 mm). On the other hand, current collection electrodes 107 are
provided on the back side at an interval of several  millimeters. As the material of these electrodes 101
and 107, silver (Ag) has often been used, from the viewpoint of conductivity. In addition, since the
solar cells have to be fabricated at low cost, it has been a common practice to form 



s the electrodes by applying a conductive metal-containing paste in the shape of electrodes by a
printing method, followed by sintering at a high temperature.        In addition, those regions on the back
side (p-type region) of the p-type semiconductor substrate 104 which are 10 other than the regions of
the electrodes 107 are protected (passivated) by a passivation film 105 composed of a silicon oxide
(Si02) film. Such a structure wherein an Si02 film is formed as a passivation film on the back side is
described in, for example, JP-A 1109-097916. 15Besides, an Si02 film is commonly formed by thermal
oxidation. In this connection, JP-A H08-078709 discloses a method in which an 5i02 film showing a
good passivation effect is formed by a chemical treatment. Further, JP-A 2003-347567 and JP-A
2004-006565 each describe a method in 20 which an Si02 film is formed by coating.        In addition,
WO 2008/065918 discloses that an aluminum oxide film is also effective as a passivation film for
p-type regions.           Besides, JP-A H10-229211 discloses a configuration in 25 which a silicon nitride
film is formed as a passivation film on a semiconductor substrate.        Meanwhile, in recent years, the
use of n-type semiconductor substrates as means for enhancing the efficiency of crystalline silicon
solar cells has been investigated (see, 30 for example, JP-A 2005-327871). In the cases of using such
an n-type semiconductor substrate, further enhancement of photoelectric conversion efficiency is
being desired.  SUMMARY OF THE INVENTION        The present invention has been made in
consideration of the above-mentioned circumstances. Accordingly, it is an object of the present
invention to provide a method of manufacturing a solar cell by which an adequate passivation effect
and a high photoelectric conversion efficiency can be obtained without increasing the number of
manufacturing steps, and a solar cell manufactured by the solar cell manufacturing method. ioIn order
to enhance the photoelectric conversion 



efficiency of crystalline silicon solar cells, passivation (inactivation) of surfaces on the face and back
sides of a substrate is important. A passivation film for a solar cell substrate may be, for example, an
SiNx film, an SiO2 film, an 15 aluminum oxide film or the like. Among these exemplary passivation
films, the SiNx film is excellent in passivation properties for n-type semiconductors. The reason is
considered to lie in that the SiNx film is positively charged. Therefore, while a p-type diffusion layer is
formed on 20 the light-receiving surface side of a semiconductor substrate in the case where the
semiconductor substrate is of the n type, formation thereon of an SiNx film like the passivation film 105
in FIG. 1 would not result in that the SiNx film functions sufficiently as a passivation film for the p-type
25 diffusion layer. On the other hand, an Si02 film and an aluminum oxide film are said to be effective
in achieving passivation of p-type semiconductors. Based on these findings, the present inventors
made 30 extensive and intensive investigations and, as a result, have made the present invention as
follows.        Particularly, in order to attain the above object, according to the present invention, there is
provided a  method of manufacturing a solar cell and a solar cell manufactured by the method as
follows.  [1] A method of manufacturing a solar cell, including the steps of:        forming an SiNx film
over a second principal surface of an n-type semiconductor substrate; forming a p-type diffusion layer
over a first 



principal surface of the n-type semiconductor substrate after the SiNx film forming step; and 10forming
over the p-type diffusion layer a passivation film composed of an Si02 film or an aluminum oxide film.
[2] The method according to [1], wherein the thickness of the SiNx film is at least 50 mm.  [3] The
method according to [1] or [2] may further include is a step of forming a texture on the first principal
surface of the n-type semiconductor substrate, after the SiNx film forming step and before the diffusion
layer forming step.     [4] The method according to any one of [1] to [3] may further include a step of
forming an anti-reflection film 20 over the passivation film.  [5] A method of manufacturing a solar cell,
including the steps of:        forming an n-type diffusion layer over a second principal surface of a p-type
semiconductor substrate; 25forming an SiNx film over the n-type diffusion layer; and forming over a
first principal surface of the p-type semiconductor substrate a passivation film composed of an Si02
film or an aluminum oxide film after the SiNx film forming 30step.  [6] The method according to [5],
wherein the thickness of 



the SiNx film is at least 50 nm.   [7] The method according to [5] or [6] may further include a step of
forming a texture on the first principal surface of the p-type semiconductor substrate, after the SiNx
film forming step and before the passivation film forming step.  [8] The method according to any one of
[5] to [7] may further include a step of forming an anti-reflection film over the passivation film.  [9] A
solar cell including:             an SiNx film formed over a second principal surface of 10 an n-type
semiconductor substrate;        a p-type diffusion layer formed over a first principal surface of the n-type
semiconductor substrate; and        a passivation film formed over the p-type diffusion layer and
composed of an Si02 film or an aluminum oxide film, 15the solar cell being manufactured by the solar
cell manufacturing method according to any one of [1] to [4].   [10] A solar cell including:        an n-type
diffusion layer formed over a second principal surface of a p-type semiconductor substrate; 20an SiNx
film formed over the n-type diffusion layer; and 



a passivation film formed over a first principal surface of the p-type semiconductor substrate and
composed of an Si02 film or an aluminum oxide film, 25the solar cell being manufactured by the solar
cell manufacturing method according to any one of [5] to [8]. ADVANTAGEOUS EFFECTS OF THE
INVENTION According to the method of manufacturing a solar cell 30 of the present invention, the
SiNx film, which finally becomes the passivation film, serves as a diffusion mask concerning the
formation of the p-type diffusion layer in the manufacturing process. Furthermore, the SiNx film serves
as  an oxidation mask concerning the formation of the Si02 film or aluminum oxide film. Therefore, it is
possible to manufacture a solar cell having appropriate passivation films respectively on the face and
back sides of a substrate, 5 without need for additional especial steps. This promises an enhanced
photoelectric conversion efficiency. BRIEF DESCRIPTION OF THE DRAWINGS  FIG. 1 is a sectional
view showing a configuration io example of a solar cell according to the related art;        FIG. 2 is a
sectional view showing a configuration example in a first embodiment of the solar cell according to the
present invention; FIGS. 3A to 3F are schematic sectional views showing 15 manufacturing steps in a
first embodiment of a solar cell manufacturing method according to the present invention, wherein FIG.
3A shows an n-type semiconductor substrate preparing step, FIG. 3B shows an SiNx film forming step,
FIG. 3C shows a p-type diffusion layer forming step, FIG. 3D shows 



20 an SiO2 film or aluminum oxide film forming step, FIG. 3E shows an anti-reflection film forming
step, and FIG. 3F shows an electrode forming step;           FIG. 4 is a sectional view showing a
modification of the configuration in the first embodiment of the solar cell 25 according to the present
invention;        FIG. 5 is a sectional view showing a configuration example in a second embodiment of
the solar cell according to the present invention; FIGS. 6A to 6F are schematic sectional views
showing 30 manufacturing steps in a second embodiment of the solar cell manufacturing method
according to the present invention, wherein FIG. 6A shows a p-type semiconductor substrate
preparing step, FIG. 6B shows an n-type diffusion layer  forming step, FIG. 6C shows an SiNx film
forming step, FIG. 6D shows an Si02 film or aluminum oxide film forming step, FIG. 6E shows an
anti-reflection film forming step, and FIG. 6F shows an electrode forming step; and 5FIG. 7 is a
sectional view showing a modification of the configuration in the second embodiment of the solar cell
according to the present invention. DESCRIPTION OF THE PREFERRED EMBODIMENTS  10Now,
configurations of the method of manufacturing a solar cell and the solar cell according to the present
invention will be described below. First Embodiment  15FIG. 2 is a sectional view showing the
configuration in a first embodiment of the solar cell according to the present invention, in the case
where the semiconductor substrate is of the n type. 



As shown in FIG. 2, the solar cell has a structure in 20 which a p-type diffusion layer (p+1 layer) 203,
an 5i02 film or aluminum oxide film 206, and an anti-reflection film 202 are sequentially provided in this
order over a light-receiving surface (referred to also as "first principal surface") of an n-type
semiconductor substrate 204. In 25 addition, an SiNx film 205 is provided on a back surface (referred
to also as "second principal surface" or "non-light-receiving surface"). Further, current collection
electrodes 201 and 207 corresponding to positive and negative poles of the solar cell are provided
respectively on the face 30 and back sides of the n-type semiconductor substrate 204.        Here, the
anti-reflection film 202 is composed of an SiNx film.           The solar cell having such a sectional
structure as above-mentioned exhibits a high photoelectric conversion efficiency, since the SiNx film
205 and the Si02 or aluminum oxide film 206 function as passivation films on the back and face sides,
respectively.        The solar cell configured as shown in FIG. 2 is manufactured, for example, by the
steps shown in FIG. 3. Now, the steps will be described below referring to FIGS. 3A to 3F. Incidentally,
in FIGS. 3A to 3F, layers corresponding to the io components of the solar cell of FIG. 2 are denoted by
the same reference signs as used in FIG. 2. [Step 1] An as-cut single-crystalline {100} n-type silicon
substrate (hereinafter referred to simply as "substrate") 204 15 obtained by doping high-purity silicon
with a Group V element such as arsenic or antimony and conditioned to have a resistivity of 0.1 to 5
0.cm has slicing damages on its surfaces. The slicing damages on the surfaces of the substrate are
subjected to an etching treatment by use of a 20 high-concentration alkali solution, such as sodium
hydroxide or potassium hydroxide solution with a concentration of 5 to 60 wt %, or a mixed acid of
hydrofluoric acid and nitric acid, or the like. The single-crystalline silicon substrate may be produced by
any of a CZ method (Czochralski method) and an FZ 25 method (floating zone method). Furthermore,
a 



polycrystalline substrate may also be used, without any problem (FIG. 3A). [Step 2] An SiNx film 205 is
formed on the non-light-receiving 30 surface (back surface) of the substrate 204 (FIG. 3B). The SiNx
film 205 not only functions as a passivation film but also functions as a reflective film for reflection of
incident light inside the substrate and as a diffusion mask and/or an oxidation mask in the subsequent
steps.        The thickness of the SiNx film 205 is preferably 50 to 250 nm. When the thickness of the
SiNx film 205 is below 50 nm, it may be impossible to obtain a passivation effect or a masking effect. If
the thickness is more than 250 nm, on the other hand, the effect of the SiNx film as a reflective film for
reflection of incident light inside the substrate may be lowered. Incidentally, the thickness of the SiNx
film 205 10 and the like can be measured by an ellipsometer, an electron electroscope or the like.
Furthermore, the film thickness can also be estimated to a certain extent by visual inspection of color
tone. In addition, the SiNx film 205 is formed by a CVD 15 (chemical vapor deposition) method using a
plasma enhanced CVD system or the like. As reactant gases in the CVD process, a mixture of
monosilane (SiH4) and ammonia (NH3) is often used, but nitrogen can also be used in place of NH3.
Besides, the reactant gases may be admixed with hydrogen, for the 20 purpose of controlling the
process pressure and/or diluting the reactant gases, and for a further purpose of promoting the bulk
passivation effect for the substrate 204 in the case where polycrystalline silicon is used as the
substrate 204. As a method for excitation of the reactant gases in the CVD 25 process, not only the
above-mentioned plasma enhanced CVD but also thermal CVD, photo enhanced CVD and the like
can be used.        After the formation of the SiNx film, formation of minute ruggedness called texture is
preferably conducted. In this case, the protection by the SiNx film 205 prevents the 



30 texture from being formed on the back surface of the substrate 204. Therefore, the surface area of
the back surface of the substrate 204 is smaller than in the case where the back surface is textured.
This is effective in  restraining photoelectric conversion characteristics from being lowered due to
recombination.        The texture formation is an effective method for lowering the reflectance of the
solar cell. The texture is 5 produced by immersion of the substrate in a heated alkali solution
(concentration: 1 to 10 wt%, temperature: 60 to 100C) of sodium hydroxide, potassium hydroxide,
potassium carbonate, sodium carbonate, sodium hydrogen carbonate, or the like for about 10 to 30
minutes. A predetermined amount io of 2-propanol is often dissolved in the alkali solution so as to
accelerate the reaction. Incidentally, the texture formation may, if necessary, be carried out before the
formation of the SiNx film. [Step 3] 15After the formation of the SiNx film 205, a p-type diffusion layer
203 is formed on the textured surface on the light-receiving surface side of the substrate 204 (FIG.
3C). The formation of the p-type diffusion layer 203 is conducted by use of a vapor phase diffusion
method using BBr3 as a 20 diffusion source. Specifically, the flow rate of a carrier gas is so controlled
that the concentration of BBr3 will be 0.1 to 5 vol%, and, further, oxygen is also mixed in a similar
concentration for forming a boron glass. In this gas atmosphere, a heat treatment is conducted at 850
to 1050C 25 for 5 to 60 minutes. In this case, since the SiNx film 205 has been formed on the back
side of the substrate 204, this film functions as a diffusion mask, whereby formation of a p-type
diffusion layer on the back side is prevented. Besides, the formation of the p-type diffusion layer 30
203 may also be performed by a method wherein a coating layer containing boron as a diffusion
source is formed over the 



whole surface area of the substrate 204. Specifically, the  coating layer is formed by brush coating, ink
jet printing, screen printing, spin coating or the like, followed by a heat treatment conducted in
conditions similar to the above-mentioned conditions, whereby the p-type diffusion layer 203 can be
formed.        Subsequently, the glass formed on the surface of the substrate 204 having undergone the
heat treatment for diffusion is removed by use of hydrofluoric acid or the like, followed by washing in
an acidic aqueous solution of 10 hydrochloric acid, sulfuric acid, nitric acid, or fluoronitric acid, or a
mixture thereof. From the viewpoint of economy and efficiency, washing with a hydrochloric acid
solution is preferred. For enhancing cleanliness, the washing may be conducted by admixing the
hydrochloric acid 15 solution with 0.5 to 5 wt% of hydrogen peroxide and heating at 60 to 90C. [Step 4]
An Si02 film or aluminum oxide film 206 is formed in a thickness of about 5 to 50 nm on the p-type
diffusion layer 20 203 of the washed substrate (FIG. 3D). The Si02 film 206 can be formed by a
thermal oxidation method, a CVD method, an oxide film coating method, or the like, among which the
thermal oxidation method is preferred for obtaining excellent passivation characteristics. Specifically,
the substrate 204 25 having undergone the treatments in Step 1 to Step 3 is placed in a furnace
provided with an oxygen atmosphere at 700 to 1,000C, and a heat treatment in this condition is
conducted for 5 to 60 minutes, whereby a high-quality 5i02 film is formed. In this instance, since the
SiNx film 205 has been 30 formed on the back side of the substrate 204, formation of an Si02 film on
the back side can be prevented.           On the other hand, the aluminum oxide film 206 can be formed,
for example, by a vapor deposition method, a sputtering method, a CVD method, or the like.
Particularly, an ALD (atomic layer deposition) method, which is one of CVD methods, is preferred
because excellent passivation characteristics can be obtained thereby. While the ALD method is thus
preferable, it is disadvantageous in that the covering efficiency is so high that turning-around of
material to other areas than the desired film formation 10 surface would occur to a very high extent. In
the present invention, however, the SiNx film 205 formed on the back side of the substrate 204 can
prevent formation of an aluminum oxide film on the back side. 



[Step 5] 15Next, an anti-reflection film 202 is formed on the Si02 film or aluminum oxide film 206 on
the light-receiving surface side of the substrate 204 (FIG. 3E). Here, like in the case of forming the
SiNx film 205 on the back side, a plasma enhanced CVD system is used to form an SiNx film or 20 the
like as the anti-reflection film 202 in a thickness of 50 to 80 nm. [Step 6]         Subsequently, a current
collection electrode 207 is formed on the back side of the substrate 204, with the SiNx 25 film 205
therebetween, and a current collection electrode 201 is formed on the light-receiving surface side, with
the anti-reflection film 202, SiO2 film or aluminum oxide film 206 therebetween (FIG. 3F). The current
collection electrodes 201 and 207 may be formed, for example, by a vapor 30 deposition method, a
sputtering method, a printing method or the like. Among these methods, preferred from the economic
point of view are printing methods such as ink jet printing  and screen printing. Specifically, onto the
back surface side and the light-receiving surface side of the substrate 204 having been subjected to
the treatments in Steps 1 to 5, a conductive paste prepared by dispersing particulates of a S metal
such as Ag in an organic solvent is applied by printing in electrode patterns, followed by drying. As for
the shapes of the electrode patterns, it is preferable for the current collection electrode 201 on the
light-receiving surface side to be formed in a comb tooth shape. On the other hand, the lo current
collection electrode 207 on the back surface side can have any of various shapes; for example, the
current collection electrode 207 may be formed to cover the whole area of the substrate back surface,
or may be formed in the same comb tooth shape as the current collection electrode 201 15 on the
light-receiving surface side, or may be formed in a grid shape. The printing is followed by a heat
treatment at around 600 to 900C, thereby sintering the Ag and causing the silver particles to penetrate
(fire-through) the anti-reflection film 202, the SiNx film 205, and the Si02 



20 film or aluminum oxide film 206, whereby conduction between the electrodes and the silicon
constituting the substrate 204 is established. Incidentally, the current collection electrodes 201 and
207 may be sintered separately or may be sintered simultaneously. 25According to the manufacturing
method of the present invention as above-described, it is possible to manufacture a solar cell having
the SiNx film 205 and the Si02 film or aluminum oxide film 206, which serve as appropriate passivation
films, respectively on the back and face sides of 30 the substrate 204 as shown in FIG. 2; also, it is
possible to attain an enhanced photoelectric conversion efficiency. In addition, the SiNx film 205,
which finally becomes a passivation film, is formed at an early stage of the  manufacturing process.
Therefore, the SiNx film 205 can serve as a treatment mask during the texture formation conducted
later. This makes it possible to restrain the photoelectric conversion characteristics of the solar cell
completed from being lowered due to recombination. Also, the SiNx film 205 serves as a diffusion
mask during the formation of the p-type diffusion layer in Step 3. Besides, the SiNx film 205 serves as
an oxidation mask during the formation of the Si02 film or aluminum oxide film 206 in Step 4. This io
ensures that the solar cell can be fabricated easily.         Incidentally, in the method of manufacturing a
solar cell according to this embodiment, an n*-type diffusion layer 208 may be formed on the side
(back side) opposite to the light-receiving surface of the substrate 204 before Step 2, 15 and then the
treatments in Step 2 and the subsequent steps may be conducted. As a result, there can be obtained
a solar cell having a high photoelectric conversion efficiency, wherein the p-type diffusion layer 203 is
provided on the light-receiving surface side of the n-type semiconductor 20 substrate 204, and the
nt-type diffusion layer 208 is provided on the back side, as shown in FIG. 4. Second Embodiment  FIG.
5 is a sectional view showing the configuration 



25 of a second embodiment of the solar cell according to the present invention, representing the case
where the semiconductor substrate is of the p type.        As shown in FIG. 5, an Si02 film or aluminum
oxide film 406 and an anti-reflection film 402 are stacked in this order 30 on a light-receiving surface
(referred to also as "first principal surface") of a p-type semiconductor substrate 404. In addition, an
n-type diffusion layer (n* layer) 403 and an SiNx film 405 are provided on the back surface (referred to
also as "second principal surface" or "non-light-receiving surface") of the p-type semiconductor
substrate 404. Furthermore, current collection electrodes 401 and 407 corresponding to positive and
negative poles of a solar cell 5 are provided respectively on the face and back sides of the p-type
semiconductor substrate 404.         Here, the anti-reflection film 402 is composed of an SiNx film. In
the solar cell having the sectional structure as ic) above-mentioned, the SiNx film 405 and the Si02 film
or aluminum oxide film 406 function as passivation films on the back side and the face side,
respectively. Therefore, the solar cell shows a high photoelectric conversion efficiency. The solar cell
configured as shown in FIG. 5 is 15 manufactured, for example, by steps shown in FIGS. 6A to 6F.
Now, the steps will be described below referring to FIGS. 6A to 6F, wherein layers corresponding to
those in the solar cell shown in FIG. 5 are denoted by the same reference signs as used in FIG. 5.
20[Step i]         Slicing damages on an as-cut p-type semiconductor substrate (hereinafter referred to
as "substrate") 404 are removed by chemical etching. Specifically, the substrate 404 is subjected to an
etching treatment using a 25 high-concentration alkali solution such as a 5 to 60 wt% solution of
sodium hydroxide or potassium hydroxide, a mixed solution of hydrofluoric acid and nitric acid, or the
like (FIG. 6A). [Step ii] 



30Next, an n-type diffusion layer 403 is formed on the side (back side) opposite to the light-receiving
surface of the substrate 404 (FIG. 6B). The n-type diffusion layer 403 is formed by a vapor phase
diffusion method with phosphorus oxychloride as a diffusion source. Specifically, the flow rate of a
carrier gas is so controlled that the phosphorus oxychloride concentration will be 0.1 to 5 vol%, and,
further, s oxygen is also mixed in a similar quantity for formation of a phosphorus glass. In this gas
atmosphere, a heat treatment is conducted at 750 to 950C for 5 to 60 minutes. In this case, two sheets
of the substrates 404 may be subjected to the heat treatment in a stacked state with their face sides io
in contact with each other, whereby the n-type diffusion layers 403 can be formed only on the back
sides of the two sheets of the substrates 404. The n-type diffusion layer 403 may be formed by a
coating method in which a coating layer, with phosphorus as a is diffusion source, is provided on the
whole area of the substrate surface. Specifically, the coating layer is formed by brush coating, ink jet
printing, screen printing, spin coating or the like, followed by a heat treatment in the same conditions
as above-mentioned, whereby the n-type diffusion 20 layer 403 can be formed. Incidentally, the
phosphorus glass formed is removed by use of hydrofluoric acid or the like, after which the glass
formed on the surface of the substrate 404 having been subjected to the heat treatment for diffusion is
removed by hydrofluoric acid or the like. 25[Step iii]        An SiNx film 405 is formed on the n-type
diffusion layer 403 by a plasma enhanced CVD method or the like (FIG. 6C). The SiNx film 405 not
only functions as a passivation film but also functions as a reflective film for reflecting 30 incident light
inside the substrate and as a diffusion mask and/or an oxidation mask in the steps to be conducted
later. 



The thickness of the SiNx film 405 is preferably 50 to 250 nm. If the thickness of the SiNx film 405 is
less than 50 nm, it may be impossible to obtain a passivation effect or a masking effect. When the
thickness is more than 250 nm, on the other hand, the effect of the SiNx film 405 as the
above-mentioned reflective film for reflection of incident light inside the substrate may be lowered.
After the formation of the SiNx film 405, formation of minute ruggedness called texture is preferably
carried out. 10 In this case, not only the formation of texture on the back side of the substrate 404 can
be prevented, but also an n-type diffusion layer, which would be unintendedly formed in a considerable
extent on the light-receiving surface in Step ii, can be removed while protecting the n-type diffusion 15
layer 403 on the back side by the SiNx film 405. Therefore, this procedure is extremely effective in
obtaining high photoelectric conversion characteristics.        The texture formation is carried out by
immersion of the substrate 404 in a heated alkali solution (concentration: 20 1 to 10 wt%, temperature:
60 to 100C) of sodium hydroxide, potassium hydroxide, potassium carbonate, sodium carbonate,
sodium hydrogen carbonate or the like for about 10 to 30 minutes. In many cases, the reaction in this
treatment is accelerated by dissolving a predetermined amount of 25 2-propanol in the alkali solution.
Incidentally, the texture formation may, if necessary, be conducted before the formation of the
n-diffusion layer 403.        Next, the substrate 404 is washed in an acidic aqueous solution of
hydrochloric acid, sulfuric acid, nitric acid, or 30 hydrofluoric acid, or a mixed solution thereof. Among
these acidic aqueous solutions, preferred from the viewpoints of economy and efficiency is a
hydrochloric acid solution. For enhancing cleanliness, the washing may be conducted by  admixing the
hydrochloric acid solution with 0.5 to 5 wt% of hydrogen peroxide and heating at 60 to 90C. [Step iv]
Subsequently, an Si02 film or aluminum oxide film 406 having a thickness of 10 to 50 nm is formed on
the light-receiving surface of the substrate 404 (FIG. 6D). The Si02 film 406 can be formed by a
thermal oxidation method, a CVD method, an oxide film coating method, or the like. Among these
methods, the thermal oxidation method is preferred, for 10 obtaining excellent passivation
characteristics. 



Specifically, the substrate 404 having been subjected to the treatments of Steps i to iii is placed in a
furnace provided with an oxygen atmosphere at 700 to 1,000C, and a heat treatment is conducted for
5 to 60 minutes, whereby a 15 high-quality Si02 film is formed. In this case, formation of an Si02 film
on the back side of the substrate 404 can be prevented, since the SiNx film 405 has been formed on
the back side. On the other hand, the aluminum oxide film 406 can be formed, for example, by a vapor
deposition method, a 20 sputtering method, a CVD method or the like. Especially, an ALD method is
preferred because excellent passivation characteristics can be obtained thereby. In the present
invention, since the SiNx film 405 is formed on the back side of the substrate 404, formation of an
aluminum oxide film on 25 the back side can be prevented. [Step v]        Next, an anti-reflection film
402 is formed on the SiO2 film or aluminum oxide film 406 on the light-receiving surface side of the
substrate 404 (FIG. 6E). Here, an SiNx 30 film is formed in a thickness of 50 to 80 nm as the
anti-reflection film 402, by use of a plasma enhanced CVD  system or the like, like in the case of the
SiNx film 405 on the back side. [Step vi]         Finally, a current collection electrode 407 is formed on
the back side of the substrate 404, with the SiNx film 405 therebetween, and a current collection
electrode 401 is formed on the light-receiving surface side, with the anti-reflection film 402 and the
Si02 film or aluminum oxide film 406 therebetween (FIG. 6F). The current collection 10 electrodes 401
and 407 can be formed by a vapor deposition method, a sputtering method, a printing method, or the
like.        According to the manufacturing method of the present invention as above-described, it is
possible to manufacture a 



solar cell having the SiNx film 405 and the Si02 film or 15 aluminum oxide film 406, which serve as
appropriate passivation films, respectively on the back and face sides of the substrate 404 as shown in
FIG. 5; also, it is possible to obtain an enhanced photoelectric conversion efficiency. Besides, the SiNx
film 405, which finally becomes a 20 passivation film, is formed at an early stage of the manufacturing
process. Therefore, the SiNx film 405 can serve as a treatment mask during the texture formation
conducted later. This makes it possible to restrain the photoelectric conversion characteristics of the
solar cell 25 completed from being lowered due to recombination. Besides, the SiNx film 405 serves as
an oxidation mask during the formation of the Si02 film or aluminum oxide film 406 in Step iv. This
ensures that the solar cell can be produced easily. Incidentally, in the method of manufacturing a solar
30 cell according to this embodiment, a pt-type diffusion layer 408 may be formed on the
light-receiving surface side of the substrate 404 before Step iv, and then the treatments in  Steps iv
and the subsequent steps may be carried out. As a result, there can be obtained a solar cell having a
high photoelectric conversion efficiency, wherein the pt-type diffusion layer 408 is provided on the
light-receiving s surface side of the p-type semiconductor substrate 404, and the n-type diffusion layer
403 is provided on the back side, as shown in FIG. 7. EXAMPLE ioNow, an Example of the present
invention will be described below. It should be noted, however, that the present invention is not
restricted to the Example. Example 1  



15For confirming the effectiveness of the present invention, a solar cell having a sectional structure
shown in FIG. 2 was fabricated in the following Condition A and put to evaluation. 20 (Fabrication
Procedure and Conditions)        First, as semiconductor substrate, six sheets of phosphorus-doped
{100} n-type as-cut silicon substrates measuring 100 mm x 100 mm, 250 fim in thickness, and having
a   resistivity of 1 Q.cm were prepared. Damaged layers of the 25 silicon substrates were removed by
use of a heated aqueous solution of potassium hydroxide.        Next, an SiNx film 205 was formed on
only one side of each of the silicon substrates by a plasma enhanced CVD method. In this case, a
mixed gas of monosilane and ammonia 30 was used as a reactant gas, the film thickness was 150 nm,
and the refractive index was 2.1. Then, the substrates were subjected to texture formation by
immersing them in an aqueous solution containing potassium hydroxide and  2-propanol. In this case,
the SiNx film served as a mask, so that each of the substrates was textured only on the side opposite
to the side on which the SiNx film had been formed. Next, formation of a p-type diffusion layer 203 was
conducted. Specifically, a pair of the silicon substrates were stacked on each other with their back
sides in contact, then three such pairs were placed in a gas atmosphere obtained by admixing nitrogen
with 0.8 vol% of BBr3 and 0.8 vol% of oxygen, and a heat treatment was conducted at 1,000C io for 15
minutes. Subsequently, boron glass formed on the surfaces of the silicon substrates were removed by
use of hydrofluoric acid. In this instance, the silicon substrates showed a sheet resistance of 43 Q.
Next, the silicon substrates were subjected to thermal 



15 oxidation by treating them in an oxygen atmosphere at 1,000C for ten minutes. By this treatment, a
thermal oxide film (Si02 film) 206 was formed on the side opposite to the side on which the SiNx film
205 had been formed, of each of the silicon substrates. 20Subsequently, an anti-reflection film 202
composed of an SiNx film was formed on the Si02 film 206. In this case, also, a plasma enhanced
CVD method was used, with the film thickness being 75 nm and the refractive index being 2.1. Finally,
a Ag paste was applied to the back side and 25 the light-receiving side of each silicon substrate in a
comb tooth-shaped pattern by screen printing, followed by drying. The Ag paste was a paste prepared
by dispersing Ag particulates having a particle diameter of several nanometers to several tens of
nanometers in an organic solvent. 30 Thereafter, the silicon substrates having undergone the
above-mentioned treatments were heat treated at 750C in an air atmosphere for about ten seconds to
sinter the Ag particulates, thereby completing solar cells.  Comparative Example 1            For
comparison, a solar cell according to the related art was fabricated in the following Condition B and put
to s evaluation. (Fabrication Procedure and Conditions)        First, as semiconductor substrate, six
sheets of phosphorus-doped {100} n-type as-cut silicon substrates io measuring 100 mm x 100 mm,
250 pm in thickness, and having a resisticity of 1 Q-cm were prepared. Damaged layers of the silicon
substrates were removed by use of a heated aqueous solution of potassium hydroxide.           Next,
the silicon substrates were subjected to texture 15 formation by immersing them in an aqueous
solution containing potassium hydroxide and 2-propanol.        Subsequently, formation of a p-type
diffusion layer was conducted in the same conditions as in Example 1. Next, the silicon substrates
were subjected to thermal 



20 oxidation by treating them in an oxygen atmosphere at 1,000C for ten minutes. By this treatment,
thermal oxide films (Si02 films) were formed on both sides of each silicon substrate. Subsequently,
anti-reflection films each composed of 25 an SiNx film were formed respectively on the thermal oxide
films on both sides of each silicon substrate. In this case, also, a plasma enhanced CVD method was
used, with the film thickness being 75 nm and the refractive index being 2.1. Finally, the same Ag
paste as that in Example 1 was 30 applied to the back side and the light-receiving side of each silicon
substrate in a comb tooth-shaped pattern by screen printing, followed by drying. Thereafter, the silicon
substrates having undergone the above-mentioned treatments  were heat treated at 750C in an air
atmosphere for about ten seconds to sinter the Ag particulates, thereby completing solar cells. 5
(Evaluation Method)        The solar cell samples obtained as above-mentioned were subjected to
measurement of solar cell characteristics by use of a solar simulator made by Yamashita Denso
Corporation under the conditions of an AM 1.5 spectrum, an 10 illumination intensity of 100 mW/cm2
and a temperature of 25C. Mean values of the measurement results are set forth in Table 1 below.
Table 1  



Condition Short-circuit current Open-circuit voltage Fill factor Maximum output   (A) (V) (%) (W) 



Example 1 A 3.81 0.648 78.2 1.93 Comparative Example 1 a 3.76 0.641 78.4 1.89  From the above
results, it is found that the solar 5 cells fabricated in Example 1 show a largely increased open-circuit
voltage and an increased maximum output, as compared with the solar cells fabricated in Comparative
Example 1. This is considered to be attributable to the solar cell structure in Example 1 wherein the
back side of 10 the silicon substrate was inactivated directly with the SiNx film 205 and, further,
formation of texture on the back side of the silicon substrate was obviated by the presence of the SiNx
film 205. In addition, these effects of the solar cells according to the present invention were obtained
without 



15 increasing the number of manufacturing steps.  CLAIMS:  1. A method of manufacturing a solar
cell, comprising the steps of:         forming an SiNx film over a second principal surface of an n-type
semiconductor substrate; forming a p-type diffusion layer over a first principal surface of the n-type
semiconductor substrate after the SiNx film forming step; and 10forming over the p-type diffusion layer
a passivation film composed of an Si02 film or an aluminum oxide film.  2. The method according to
claim 1, wherein the thickness of the SiNx film is at least 50 nm. 15  3. The method according to claim
1 or 2, further comprising a step of forming a texture on the first principal surface of the n-type
semiconductor substrate, after the SiNx film forming step and before the diffusion layer forming step.
20  4. The method according to any one of claims 1 to 3, further comprising a step of forming an
anti-reflection film over the passivation film. 25 5.A method of manufacturing a solar cell, comprising
the steps of: 



forming an n-type diffusion layer over a second principal surface of a p-type semiconductor substrate;
forming an SiNx film over the n-type diffusion layer; 30 and forming over a first principal surface of the
p-type semiconductor substrate a passivation film composed of an  8i02 film or an aluminum oxide film
after the SiNx film forming step.      6. The method according to claim 5, wherein the thickness 5 of the
SiNx film is at least 50 nm.  7. The method according to claim 5 or 6, further comprising a step of
forming a texture on the first principal surface of the p-type semiconductor substrate, after the SiNx 10
film forming step and before the passivation film forming step.    8. The method according to any one
of claims 5 to 7, further comprising a step of forming an anti-reflection film 15 over the passivation film.
9. A solar cell comprising:        an SiNx film formed over a second principal surface of an n-type
semiconductor substrate; 20a p-type diffusion layer formed over a first principal surface of the n-type
semiconductor substrate; and a passivation film formed over the p-type diffusion 



layer and composed of an Si02 film or an aluminum oxide film, the solar cell being manufactured by
the solar cell 25 manufacturing method according to any one of claims 1 to 4.      10. A solar cell
comprising:        an n-type diffusion layer formed over a second principal surface of a p-type
semiconductor substrate; 30an SiNx film formed over the n-type diffusion layer; and          a
passivation film formed over a first principal surface of the p-type semiconductor substrate and
composed of an Si02 film or an aluminum oxide film, the solar cell being manufactured by the solar cell
5 manufacturing method according to any one of claims 5 to 8. 




