
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

77
9 

21
5

A
1

TEPZZ 779 _5A_T
(11) EP 2 779 215 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
17.09.2014 Bulletin 2014/38

(21) Application number: 12848064.7

(22) Date of filing: 07.11.2012

(51) Int Cl.:
H01L 21/22 (2006.01) H01L 31/04 (2014.01)

(86) International application number: 
PCT/JP2012/078816

(87) International publication number: 
WO 2013/069672 (16.05.2013 Gazette 2013/20)

(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

(30) Priority: 11.11.2011 JP 2011247307

(71) Applicant: Sharp Kabushiki Kaisha
Osaka-shi, Osaka 545-8522 (JP)

(72) Inventor: FUKAKOSHI, Yasushi
Osaka-shi, Osaka 545-8522 (JP)

(74) Representative: Müller - Hoffmann & Partner
Patentanwälte 
St.-Martin-Strasse 58
81541 München (DE)

(54) SEMICONDUCTOR DEVICE AND METHOD FOR PRODUCING SEMICONDUCTOR DEVICE

(57) Provided are a semiconductor device in which
abrasive grain marks are formed in a surface of a semi-
conductor substrate, a dopant diffusion region has a por-
tion extending in a direction which forms an angle includ-
ed in a range of -5° to +5° with a direction in which the

abrasive grain marks extend, and the dopant diffusion
region is formed by diffusing a dopant from a doping paste
placed on one surface of the semiconductor substrate;
and a method for manufacturing the semiconductor de-
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Description

TECHNICAL FIELD

[0001] The present invention relates to a semiconductor device and a method for manufacturing a semiconductor
device.

BACKGROUND ART

[0002] In recent years, development of clean energy has been desired due to the problem of exhaustion of energy
resources, global environmental problems such as an increase in CO2 in the atmosphere, and the like, and photovoltaic
power generation using solar cells in particular among semiconductor devices has been developed, put to practical use,
and is progressing as a new energy source.
[0003] As a solar cell, a bifacial electrode type solar cell has been conventionally a mainstream, in which a p-n junction
is formed for example by diffusing an impurity having a conductivity type opposite to that of a single crystal or polycrystalline
silicon substrate, into a light receiving surface of the silicon substrate, and electrodes are respectively formed on the
light receiving surface and a back surface opposite to the light receiving surface of the silicon substrate. Further, in the
bifacial electrode type solar cell, it is also common to achieve higher output using a back surface field effect, by diffusing
a high concentration of an impurity having the same conductivity type as that of the silicon substrate into the back surface
of the silicon substrate.
[0004] In addition, research and development have also been made for a back electrode type solar cell in which no
electrode is formed on a light receiving surface of a silicon substrate and electrodes are formed only on a back surface
of the silicon substrate (see, for example, PTD 1 (Japanese Patent Laying-Open No. 2006-156646) and the like).
[0005] Hereinafter, one example of a method for manufacturing a conventional back electrode type solar cell will be
described with reference to the schematic cross sectional views of Figs. 30(a) to 30(i).
[0006] First, as shown in Fig. 30(a), an n-type doping paste 103 is applied on a back surface of a silicon substrate
101 having an n-type or p-type conductivity type, and dried. N-type doping paste 103 is pattern-applied to follow the
desired shape of an n-type dopant diffusion region.
[0007] Here, as silicon substrate 101, for example, a silicon substrate obtained by slicing a silicon ingot can be used.
Further, as silicon substrate 101, it is desirable to use a silicon substrate from which a slice damage layer caused by
slicing has been removed. It is noted that the slice damage layer can be removed, for example, by etching with a mixed
acid of an aqueous solution of hydrogen fluoride and nitric acid.
[0008] It is noted that the surface having n-type doping paste 103 applied thereon is described here as the back surface
of silicon substrate 101, and the other surface of silicon substrate 101 serves as a light receiving surface of the solar
cell. Hereinafter, the light receiving surface may be referred to as a front surface.
[0009] Next, as shown in Fig. 30(b), an n-type dopant is diffused from n-type doping paste 103 into semiconductor
substrate 101 to form an n-type dopant diffusion region 113. Thereafter, a residue of n-type doping paste 103 on the
back surface of silicon substrate 101 is removed with an aqueous solution of hydrogen fluoride.
[0010] Next, as shown in Fig. 30(c), a p-type doping paste 104 is pattern-applied on the back surface of silicon substrate
101 to follow the desired shape of a p-type dopant diffusion region, and dried.
[0011] Next, as shown in Fig. 30(d), a p-type dopant is diffused from p-type doping paste 104 into silicon substrate
101 to form a p-type dopant diffusion region 114, and a residue of p-type doping paste 104 is removed with an aqueous
solution of hydrogen fluoride.
[0012] Next, as shown in Fig. 30(e), a silicon oxide film 105 is formed on the back surface of silicon substrate 101
using a CVD method. On this occasion, a silicon nitride film, or a laminated film of a silicon oxide film and a silicon nitride
film may be used instead of silicon oxide film 105.
[0013] Next, as shown in Fig. 30(f), a texture structure 110 is formed in the front surface of silicon substrate 101, using
for example a mixed acid of an aqueous solution of hydrogen fluoride and nitric acid, or the like. It is noted that, on this
occasion, silicon oxide film 105 on the back surface of silicon substrate 101 serves as a protective mask when texture
structure 110 is formed, and also serves as a passivation film on the back surface of silicon substrate 101.
[0014] Next, as shown in Fig. 30(g), a light receiving surface passivation film 106 is formed on the front surface of
silicon substrate 101 using the CVD method. As light receiving surface passivation film 106, a silicon oxide film, a silicon
nitride film, or a laminated film of a silicon oxide film and a silicon nitride film may be used. Further, light receiving surface
passivation film 106 is a film also serving as a so-called antireflection film.
[0015] Next, as shown in Fig. 30(h), portions of silicon oxide film 105 are removed to form contact holes 123, 124
which expose portions of the diffusion regions. To form the contact holes, for example, a known etching paste can be used.
[0016] Next, as shown in Fig. 30(i), an electrode for n type 133 electrically connected to n-type dopant diffusion region
113 through contact hole 123 is formed, and an electrode for p type 134 electrically connected to p-type dopant diffusion
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region 114 through contact hole 124 is formed.
[0017] Electrode for n type 133 and electrode for p type 134 can be formed, for example, by printing a known metal
paste by a screen printing method and firing the metal paste.

CITATION LIST

PATENT DOCUMENT

[0018] PTD 1: Japanese Patent Laying-Open No. 2006-156646

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0019] However, the conventional back electrode type solar cell has a problem that n-type dopant diffusion region 113
and p-type dopant diffusion region 114 cannot be formed at predetermined regions, respectively, and good characteristics
cannot be obtained stably.
[0020] Such a problem occurs not only in the back electrode type solar cell, but also in all semiconductor devices
including a solar cell such as a bifacial electrode type solar cell.
[0021] In view of the above circumstances, one object of the present invention is to provide a semiconductor device
and a method for manufacturing a semiconductor device capable of stably obtaining good characteristics.

SOLUTION TO PROBLEM

[0022] The present invention is directed to a semiconductor device including a semiconductor substrate, and a dopant
diffusion region provided in one surface of the semiconductor substrate, wherein abrasive grain marks are formed in the
surface of the semiconductor substrate, the dopant diffusion region has a portion extending in a direction which forms
an angle included in a range of -5° to +5° with a direction in which the abrasive grain marks extend, and the dopant
diffusion region is formed by diffusing a dopant from a doping paste placed on the one surface of the semiconductor
substrate.
[0023] Preferably, in the semiconductor device in accordance with the present invention, the dopant diffusion region
has at least one of an n-type dopant diffusion region and a p-type dopant diffusion region, and the semiconductor device
further includes an electrode for n type provided on the n-type dopant diffusion region, and an electrode for p type
provided on the p-type dopant diffusion region.
[0024] Further, the present invention is directed to a method for manufacturing a semiconductor device, including the
steps of forming abrasive grain marks extending in one direction in a surface of a semiconductor substrate, placing a
doping paste having a portion extending in a direction which forms an angle included in a range of -5’ to +5° with a
direction in which the abrasive grain marks extend, on a portion of the surface of the semiconductor substrate, and
forming a dopant diffusion region from a dopant in the doping paste on the semiconductor substrate.
[0025] Preferably, in the method for manufacturing a semiconductor device in accordance with the present invention,
the step of forming the abrasive grain marks includes the step of cutting a semiconductor crystal ingot with a wire saw.
[0026] Further, preferably, the method for manufacturing a semiconductor device in accordance with the present
invention includes the step of etching the surface of the semiconductor substrate between the step of forming the abrasive
grain marks and the step of placing the doping paste.

ADVANTAGEOUS EFFECTS OF INVENTION

[0027] According to the present invention, a semiconductor device and a method for manufacturing a semiconductor
device capable of stably obtaining good characteristics can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0028]

Fig. 1 is a schematic perspective view illustrating one example of the step of cutting a semiconductor crystal ingot
with a wire saw.
Fig. 2 is a schematic perspective view illustrating one example of the step of cutting the semiconductor crystal ingot
at a plurality of positions to cut out a plurality of semiconductor substrates.
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Fig. 3 is a schematic cross sectional view of one example of the wire saw shown in Fig. 1.
Fig. 4 is a schematic cross sectional view of one example of a semiconductor substrate obtained by cutting the
semiconductor crystal ingot with the wire saw shown in Fig. 1.
Fig. 5 is a schematic cross sectional view illustrating one example of the step of removing slice damage in surfaces
of the semiconductor substrate shown in Fig. 4.
Fig. 6 is an enlarged schematic cross sectional view of one example of a portion of a surface of the semiconductor
substrate shown in Fig. 5.
Fig. 7 is a schematic perspective view of one example of a portion of the surface of the semiconductor substrate
shown in Fig. 5.
Fig. 8(a) is a schematic cross sectional view illustrating one example of the step of placing an n-type doping paste
on a back surface of the semiconductor substrate, and Fig. 8(b) is a schematic plan view illustrating one example
of the step of placing the n-type doping paste on the back surface of the semiconductor substrate.
Fig. 9(a) is a schematic cross sectional view illustrating one example of the step of forming an n-type dopant diffusion
region in the back surface of the semiconductor substrate, and Fig. 9(b) is a schematic plan view illustrating one
example of the step of forming the n-type dopant diffusion region in the back surface of the semiconductor substrate.
Fig. 10(a) is a schematic cross sectional view illustrating one example of the step of placing a p-type doping paste
on the back surface of the semiconductor substrate, and Fig. 10(b) is a schematic plan view illustrating one example
of the step of placing the p-type doping paste on the back surface of the semiconductor substrate.
Fig. 11(a) is a schematic cross sectional view illustrating one example of the step of forming a p-type dopant diffusion
region in the back surface of the semiconductor substrate, and Fig. 11 (b) is a schematic plan view illustrating one
example of the step of forming the p-type dopant diffusion region in the back surface of the semiconductor substrate.
Fig. 12(a) is a schematic cross sectional view illustrating one example of the step of forming a passivation film on
the back surface of the semiconductor substrate, and Fig. 12(b) is a schematic plan view illustrating one example
of the step of forming the passivation film on the back surface of the semiconductor substrate.
Fig. 13(a) is a schematic cross sectional view illustrating one example of the step of forming a texture structure in
a front surface of the semiconductor substrate, and Fig. 13(b) is a schematic plan view illustrating one example of
the step of forming the texture structure in the front surface of the semiconductor substrate.
Fig. 14(a) is a schematic cross sectional view illustrating one example of the step of forming a passivation film on
the front surface of the semiconductor substrate, and Fig. 14(b) is a schematic plan view illustrating one example
of the step of forming the passivation film on the front surface of the semiconductor substrate.
Fig. 15(a) is a schematic cross sectional view illustrating one example of the step of forming contact holes by
removing portions of the passivation film on the back surface of the semiconductor substrate, and Fig. 15(b) is a
schematic plan view illustrating one example of the step of forming the contact holes by removing portions of the
passivation film on the back surface of the semiconductor substrate.
Fig. 16(a) is a schematic cross sectional view illustrating one example of the step of forming an electrode for n type
and an electrode for p type, and Fig. 16(b) is a schematic plan view illustrating one example of the step of forming
the electrode for n type and the electrode for p type.
Fig. 17 is a schematic plan view of one example of the n-type dopant diffusion region and the p-type dopant diffusion
region formed in the back surface of the semiconductor substrate.
Fig. 18 is a schematic plan view of another example of the n-type dopant diffusion region and the p-type dopant
diffusion region formed in the back surface of the semiconductor substrate.
Fig. 19 is a schematic plan view of another example of the n-type dopant diffusion region and the p-type dopant
diffusion region formed in the back surface of the semiconductor substrate.
Fig. 20 is an enlarged photograph of a wire saw used in an Example.
Fig. 21 is a microscope photograph of one example of a surface of an n-type single crystal silicon substrate cut with
the wire saw shown in Fig. 20.
Fig. 22 is a view showing the result of measuring irregularities of the surface of the n-type single crystal silicon
substrate shown in Fig. 21 with a laser microscope.
Fig. 23 is a microscope photograph of another example of the surface of the n-type single crystal silicon substrate
cut with the wire saw shown in Fig. 22.
Fig. 24 is a view showing the result of measuring irregularities of the surface of the n-type single crystal silicon
substrate shown in Fig. 23 with a laser microscope.
Fig. 25 is a microscope photograph of one example of the surface of the n-type single crystal silicon substrate shown
in Fig. 21 subjected to etching.
Fig. 26 is a view showing the result of measuring irregularities of the surface of the n-type single crystal silicon
substrate shown in Fig. 25 with a laser microscope.
Fig. 27 is a view showing the result of measuring irregularities of the surface of the n-type single crystal silicon
substrate shown in Fig. 25 subjected to etching with a laser microscope.
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Fig. 28(a) is a microscope photograph of the surface of the n-type single crystal silicon substrate on which the n-
type doping paste is placed to extend in a direction which forms an angle included in a range of -5° to +5° with a
direction in which abrasive grain marks extend, and Fig. 28(b) is an enlarged photograph of the microscope photo-
graph of Fig. 28(a).
Fig. 29(a) is a microscope photograph of the surface of the n-type single crystal silicon substrate on which the n-
type doping paste is placed to extend in a direction perpendicular to the direction in which the abrasive grain marks
extend, and Fig. 29(b) is an enlarged photograph of the microscope photograph of Fig. 29(a).
Figs. 30(a) to 30(i) are schematic cross sectional views illustrating one example of a method for manufacturing a
conventional back electrode type solar cell.

DESCRIPTION OF EMBODIMENTS

[0029] Hereinafter, a method for manufacturing a back electrode type solar cell in accordance with an embodiment
as one example of a method for manufacturing a semiconductor device in accordance with the present invention will be
described with reference to Figs.1 to 16. It is noted that, in the drawings of the present invention, the same reference
numerals designate identical or corresponding parts.
[0030] First, as shown in the schematic perspective view of Fig. 1, the step of cutting a semiconductor crystal ingot
50 with a wire saw 53 is performed. As shown in Fig. 1, wire saw 53 are wound on between guide rollers 51, 52 arranged
with a predetermined interval therebetween. As a result, wire saw 53 is tensioned between guide rollers 51, 52, at a
plurality of positions in each of guide rollers 51, 52, at predetermined intervals along a longitudinal direction of guide
rollers 51, 52. In this state, guide rollers 51, 52 repeat forward rotation and reverse rotation, and thereby wire saw 53
reciprocates in a direction indicated by an arrow 55.
[0031] While wire saw 53 is reciprocating in the direction indicated by arrow 55, semiconductor crystal ingot 50 is
moved in a direction indicated by an arrow 54, and pressed against reciprocating wire saw 53. Thereby, as shown for
example in the schematic perspective view of Fig. 2, semiconductor crystal ingot 50 is cut at a plurality of positions, and
a plurality of semiconductor substrates 1 are cut out.
[0032] Fig. 3 shows a schematic cross sectional view of one example of wire saw 53 shown in Fig. 1. Here, wire saw
53 includes a core wire 53a, and abrasive grains 53b bonded on an outer peripheral surface of core wire 53a with a
bond material (not shown). As core wire 53a, for example, a piano wire or the like can be used. As abrasive grains 53b,
for example, diamond abrasive grains or the like can be used. As the bond material, for example, nickel or the like plated
on the outer surface of core wire 53a can be used.
[0033] Fig. 4 shows a schematic cross sectional view of one example of semiconductor substrate 1 obtained by cutting
semiconductor crystal ingot 50 with wire saw 53. Here, slice damage 1a is caused in surfaces of semiconductor substrate
1 by cutting semiconductor crystal ingot 50 with wire saw 53.
[0034] As semiconductor crystal ingot 50, for example, a crystal silicon ingot such as a single crystal silicon ingot or
a polycrystalline silicon ingot fabricated by a Czochralski method or a casting method, or the like is used. When a crystal
silicon ingot is used as semiconductor crystal ingot 50, a silicon crystal substrate can be obtained as semiconductor
substrate 1. It is noted that, in the present embodiment, semiconductor crystal ingot 50 has an n-type conductivity type
by being doped with an n-type dopant.
[0035] Next, as shown in the schematic cross sectional view of Fig. 5, the step of removing slice damage 1a in the
surfaces of semiconductor substrate 1 shown in Fig. 4 is performed. Here, when a silicon crystal substrate is used as
semiconductor substrate 1, slice damage 1a can be removed, for example, by etching with an alkaline aqueous solution
such as an aqueous solution of sodium hydroxide or an aqueous solution of potassium hydroxide.
[0036] Although the size and shape of semiconductor substrate 1 are not particularly limited, for example, a semicon-
ductor substrate having a thickness of more than or equal to 100 mm and less than or equal to 300 mm, and having a
surface in the shape of a rectangle with each side having a length of more than or equal to 100 mm and less than or
equal to 200 mm, or the like can be used.
[0037] Fig. 6 shows an enlarged schematic cross sectional view of one example of a portion of a surface of semicon-
ductor substrate 1 shown in Fig. 5. Fig. 7 shows a schematic perspective view of one example of a portion of the surface
of semiconductor substrate 1 shown in Fig. 5. Here, in the surface of semiconductor substrate 1, a large wave (indicated
by an imaginary dash line in Fig. 6; hereinafter referred to as a "saw mark") 61 is formed, and abrasive grain marks 62
in the shape of grooves shallower than saw mark 61 are formed.
[0038] Saw mark 61 is formed resulting from cutting of semiconductor crystal ingot 50 with wire saw 53. Specifically,
when semiconductor substrate 1 is obtained by pressing semiconductor crystal ingot 50 against reciprocating wire saw
53 and cutting semiconductor crystal ingot 50 as shown in Fig. 1, wire saw 53 is stopped momentarily each time when
traveling direction 55 of wire saw 53 is switched, causing a reduction in the wire speed. This leads to different cutting
depths into semiconductor crystal ingot 50 with wire saw 53 along the direction in which semiconductor crystal ingot 50
is moved with respect to wire saw 53 (i.e., direction indicated by arrow 54), which appear as saw mark 61 that is a large
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wave in the surface of semiconductor substrate 1.
[0039] In addition, abrasive grain marks 62 are flaws formed by abrasive grains 53b of wire saw 53 during cutting of
semiconductor crystal ingot 50 with wire saw 53, and are formed in the shape of grooves extending in traveling direction
55 of wire saw 53.
[0040] It is noted that, although not shown in Figs. 6 and 7 for convenience of explanation, crater-like depressions
may be formed in the surface of semiconductor substrate 1 by the etching for removing slice damage 1 a described above.
[0041] Next, as shown in the schematic cross sectional view of Fig. 8(a) and the schematic plan view of Fig. 8(b), an
n-type doping paste 3 is placed on a portion of a surface on a back side (i.e., back surface) of semiconductor substrate 1.
[0042] Here, as shown in the schematic plan view of Fig. 8(b), n-type doping paste 3 is placed to have a portion
extending in a direction which forms an angle included in a range of -5° to +5° with a direction in which the abrasive
grain marks (not shown) extend (i.e., direction indicated by arrow 55). This is based on the findings obtained by the
inventor of the present invention through earnest study that, when n-type doping paste 3 is placed to extend in the
direction which forms an angle included in the range of -5° to +5° with the direction in which the abrasive grain marks
extend, n-type doping paste 3 can be suppressed from flowing out in a direction other than the direction in which it
extends, when compared with a case where n-type doping paste 3 is placed to extend in a direction outside the range.
Thereby, n-type doping paste 3 can be stably formed, at least in that portion, in the direction which forms an angle
included in the range of -5° to +5° with the direction in which the abrasive grain marks extend (i.e., direction indicated
by arrow 55). It is noted that, the present embodiment will describe a case where n-type doping paste 3 is formed in the
shape of a band extending in a direction which forms an angle of 0° with the direction in which the abrasive grain marks
extend (i.e., direction indicated by arrow 55).
[0043] As n-type doping paste 3, the one containing an n-type dopant such as a phosphorus compound, and also
containing, for example, a solvent, a thickener, and a silicon oxide precursor can be used. Further, as n-type doping
paste 3, the one not containing a thickener can also be used.
[0044] As the phosphorus compound, for example, a component containing phosphorus atoms such as phosphate,
phosphorus oxide, phosphorus pentaoxide, phosphoric acid, or an organic phosphorus compound can be used alone
or in combination of two or more kinds thereof.
[0045] Examples of the solvent include ethylene glycol, methyl cellosolve, methyl cellosolve acetate, ethyl cellosolve,
diethyl cellosolve, cellosolve acetate, ethylene glycol monophenyl ether, methoxyethanol, ethylene glycol monoacetate,
ethylene glycol diacetate, diethylene glycol, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether
acetate, diethylene glycol monobutyl ether, diethylene glycol monobutyl ether acetate, diethylene glycol dimethyl ether,
diethylene glycol methylethyl ether, diethylene glycol diethyl ether, diethylene glycol acetate, triethylglycol, triethylene
glycol monomethyl ether, triethylene glycol monoethyl ether, tetraethylene glycol, liquid polyethylene glycol, propylene
glycol, propylene glycol monomethyl ether, propylene glycol monoethyl ether, propylene glycol monobutyl ether, 1-
butoxyethoxy propanol, dipropyl glycol, dipropylene glycol monomethyl ether, dipropylene glycol monoethyl ether, tripro-
pylene glycol monomethyl ether, polypropylene glycol, trimethylene glycol, butanedial, 1,5-pentanedial, hexylene glycol,
glycerin, glyceryl acetate, glycerin diacetate, glyceryl triacetate, trimethylolpropine, 1,2,6-hexane triol, 1,2-propanediol,
1,5-pentanediol, octanediol, 1,2-butanediol, 1,4-butanediol, 1,3-butanediol, dioxane, trioxane, tetrahydrofuran, tetrahy-
dropyran, methylal, diethyl acetal, methyl ethyl ketone, methyl isobutyl ketone, diethyl ketone, acetonylacetone, diacetone
alcohol, methyl formate, ethyl formate, propyl formate, methyl acetate, and ethyl acetate, which can be used alone or
in combination of two or more kinds thereof.
[0046] As the thickener, although it is desirable to use ethyl cellulose, polyvinyl pyrrolidone, or a mixture thereof, it is
also possible to use bentonite having various qualities and characteristics, a generally inorganic rheology additive for
various polar solvent mixtures, nitrocellulose and other cellulose compounds, starch, gelatin, alginic acid, highly-disper-
sive amorphous silicic acid (Aerosil (registered trademark)), polyvinyl butyral (Mowital (registered trademark)), sodium
carboxymethyl cellulose (vivistar), thermoplastic polyamide resin (Eurelon (registered trademark)), an organic castor oil
derivative (Thixin R (registered trademark)), diamide wax (Thixatrol plus (registered trademark)), swelable polyacrylate
(Rheolate (registered trademark)), polyether urea-polyurethane, polyether-polyol, or the like.
[0047] As the silicon oxide precursor, for example, a substance represented by a general formula R1’nSi(OR1)4-n
(where R1’ represents methyl, ethyl, or phenyl, R1 represents methyl, ethyl, n-propyl, or i-propyl, and n represents 0, 1,
or 2) such as TEOS (tetraethyl orthosilicate) can be used.
[0048] N-type doping paste 3 can be placed, for example, using a conventionally known technique such as screen
printing, inkjet printing, or the like.
[0049] Thereafter, n-type doping paste 3 placed on the back surface of semiconductor substrate 1 is dried.
[0050] N-type doping paste 3 can be dried, for example, by placing semiconductor substrate 1 having the paste placed
thereon inside an oven, and heating the paste at a temperature of, for example, about 200°C for a period of, for example,
several tens of minutes.
[0051] Next, as shown in the schematic cross sectional view of Fig. 9(a) and the schematic plan view of Fig. 9(b),
semiconductor substrate 1 is put into a quartz furnace at more than or equal to 800°C and less than or equal to 1100°C
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to diffuse the n-type dopant from n-type doping paste 3 into the back surface of semiconductor substrate 1, to form an
n-type dopant diffusion region 13. Thereby, as shown in the schematic plan view of Fig. 9(b), n-type dopant diffusion
region 13 is formed in the shape of a band extending in a direction which forms an angle included in the range of -5° to
+5° with the direction in which the abrasive grain marks extend (i.e., direction indicated by arrow 55). It is noted that n-
type dopant diffusion region 13 is a region having an n-type dopant concentration higher than that in semiconductor
substrate 1.
[0052] Thereafter, a residue of n-type doping paste 3 on the back surface of silicon substrate 1 is removed. The residue
of n-type doping paste 3 can be removed, for example, by immersing semiconductor substrate 1 having n-type doping
paste 3 placed thereon in an aqueous solution of hydrofluoric acid, or the like.
[0053] Next, as shown in the schematic cross sectional view of Fig. 10(a) and the schematic plan view of Fig. 10(b),
a p-type doping paste 4 is placed on a portion of the back surface of semiconductor substrate 1.
[0054] Here, as shown in the schematic plan view of Fig. 10(b), p-type doping paste 4 is placed to have a portion
extending in a direction which forms an angle included in a range of -5° to +5° with the direction in which the abrasive
grain marks (not shown) extend (i.e., direction indicated by arrow 55), as with n-type doping paste 3 described above.
[0055] As p-type doping paste 4, the one containing a p-type dopant such as a boron compound, and also containing,
for example, a solvent, a thickener, and a silicon oxide precursor can be used. Further, as p-type doping paste 4, the
one not containing a thickener can also be used.
[0056] As the boron compound, for example, a compound containing boron atoms such as boron oxide, boric acid,
an organic boron compound, or a boron-aluminum compound can be used alone or in combination of two or more kinds
thereof.
[0057] As the solvent, the same solvent as that in n-type doping paste 3 described above can be used.
[0058] As the thickener, the same thickener as that in n-type doping paste 3 described above can be used.
[0059] As the silicon oxide precursor, the same substance as that in n-type doping paste 3 described above can be used.
[0060] P-type doping paste 4 can be placed using the same technique as that for placing n-type doping paste 3
described above.
[0061] Thereafter, p-type doping paste 4 placed on the back surface of semiconductor substrate 1 is dried.
[0062] P-type doping paste 4 can be dried using the same technique as that for drying n-type doping paste 3 described
above.
[0063] Next, as shown in the schematic cross sectional view of Fig. 11 (a) and the schematic plan view of Fig. 11(b),
semiconductor substrate 1 is put into the quartz furnace at more than or equal to 800°C and less than or equal to 1100°C
to diffuse the p-type dopant from p-type doping paste 4 into the back surface of semiconductor substrate 1, to form a p-
type dopant diffusion region 14. Thereby, as shown in the schematic plan view of Fig. 11(b), p-type dopant diffusion
region 14 is formed in the shape of a band extending in a direction which forms an angle included in the range of -5° to
+5° with the direction in which the abrasive grain marks extend (i.e., direction indicated by arrow 55).
[0064] Thereafter, a residue of p-type doping paste 4 on the back surface of silicon substrate 1 is removed. The residue
of p-type doping paste 4 can be removed, for example, by immersing semiconductor substrate 1 having p-type doping
paste 4 placed thereon in an aqueous solution of hydrofluoric acid, or the like.
[0065] Next, as shown in the schematic cross sectional view of Fig. 12(a) and the schematic plan view of Fig. 12(b),
a passivation film 5 is formed on the back surface of semiconductor substrate 1. As passivation film 5, for example, a
silicon nitride film, a silicon oxide film, a laminated film of a silicon nitride film and a silicon oxide film, or the like can be
used. Passivation film 5 can be formed, for example, by a plasma CVD method or the like.
[0066] Next, as shown in the schematic cross sectional view of Fig. 13(a), a texture structure 10 is formed by texture-
etching a light receiving surface of semiconductor substrate 1 which is on a side opposite to a side having passivation
film 5 formed thereon. The texture-etching for forming texture structure 10 can be performed by using passivation film
5 formed on the other surface of semiconductor substrate 1 as an etching mask. When semiconductor substrate 1 is
made of a silicon crystal substrate, the texture-etching can be performed by etching the light receiving surface of sem-
iconductor substrate 1 with an etching solution prepared for example by adding isopropyl alcohol to an aqueous solution
of alkali such as sodium hydroxide or potassium hydroxide and heating the solution to, for example, more than or equal
to 70°C and less than or equal to 80°C.
[0067] Next, as shown in the schematic cross sectional view of Fig. 14(a), a passivation film 6 is formed on the light
receiving surface of semiconductor substrate 1. As passivation film 6, for example, a silicon nitride film, a silicon oxide
film, a laminated film of a silicon nitride film and a silicon oxide film, or the like can be used. Passivation film 6 can be
formed, for example, by the plasma CVD method or the like. Further, passivation film 6 on the light receiving surface of
semiconductor substrate 1 is a film also serving as a so-called antireflection film.
[0068] Next, as shown in the schematic cross sectional view of Fig. 15(a) and the schematic plan view of Fig. 15(b),
a contact hole 23 and a contact hole 24 are formed by removing portions of passivation film 5 on the back surface of
semiconductor substrate 1 to expose a portion of n-type dopant diffusion region 13 from contact hole 23 and expose a
portion of p-type dopant diffusion region 14 from contact hole 24.
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[0069] Contact holes 23, 24 can be formed, for example, by a method of forming a resist pattern having openings at
portions corresponding to positions where contact holes 23, 24 are to be formed, on passivation film 5 using a photo-
lithographic technique, and thereafter removing passivation film 5 from the openings in the resist pattern by etching.
[0070] Next, as shown in the schematic cross sectional view of Fig. 16(a) and the schematic plan view of Fig. 16(b),
an electrode for n type 33 electrically connected to n-type dopant diffusion region 13 through contact hole 23 is formed,
and an electrode for p type 34 electrically connected to p-type dopant diffusion region 14 through contact hole 24 is
formed. Here, as electrode for n type 33 and electrode for p type 34, for example, an electrode made of a metal such
as silver can be used. Thus, the back electrode type solar cell in the present embodiment can be fabricated.
[0071] As described above, in the present embodiment, since n-type doping paste 3 and p-type doping paste 4 are
each placed to have a portion extending in the direction which forms an angle included in the range of -5° to +5° with
the direction in which the abrasive grain marks extend as described above, n-type doping paste 3 and p-type doping
paste 4 can be each formed to have a stable shape, at least in that portion, in the direction which forms an angle included
in the range of -5° to +5° with the direction in which the abrasive grain marks extend.
[0072] Thereby, in the present embodiment, n-type dopant diffusion region 13 and p-type dopant diffusion region 14
can also be each formed stably in a desired shape, and thus the back electrode type solar cell can have good charac-
teristics stably.
[0073] It is noted that, although the above embodiment has described a semiconductor crystal ingot having an n-type
conductivity type, the semiconductor crystal ingot may have a p-type conductivity type.
[0074] Further, n-type dopant diffusion region 13 and p-type dopant diffusion region 14 may each have a shape
extending in one direction, as shown in the schematic plan view of Fig. 17. Alternatively, a portion of at least one of n-
type dopant diffusion region 13 and p-type dopant diffusion region 14 may be perpendicular to the direction in which the
abrasive grain marks extend, as shown in the schematic plan view of Fig. 18. Alternatively, only either n-type dopant
diffusion region 13 or p-type dopant diffusion region 14 may have a shape extending in one direction, as shown in the
schematic plan view of Fig. 19.
[0075] Furthermore, the present invention is not limited to a back electrode type solar cell, and is also applicable to
semiconductor devices including a solar cell of any configuration such as a bifacial electrode type solar cell manufactured
by forming electrodes on both a light receiving surface and a back surface of a semiconductor substrate.

Example

<Placement of Doping Paste>

[0076] First, an n-type single crystal silicon ingot was pressed against a reciprocating wire saw (having a shape shown
in the enlarged photograph of Fig. 20) and cut. Thereby, a plurality of n-type single crystal silicon substrates each having
a thickness of 200 mm were formed, in which abrasive grain marks in the shape of grooves extending in one direction
were formed in a light receiving surface and a back surface in the shape of a quasi square with each side having a length
of 126 mm. The wire saw shown in Fig. 20 used herein was fabricated by bonding diamond abrasive grains having a
grain size of less than or equal to 30 mm, on an outer peripheral surface of a piano wire having a cross sectional diameter
of 120 mm, with nickel plated thereon.
[0077] Fig. 21 shows a microscope photograph of one example of a surface of an n-type single crystal silicon substrate
cut with the wire saw described above, and Fig. 22 shows the result of measuring irregularities of the surface of the n-
type single crystal silicon substrate shown in Fig. 21 with a laser microscope. It is noted that the axis of abscissas in
Fig. 22 represents the width of the surface of the n-type single crystal silicon substrate (maximum width: 10 mm), and
the axis of ordinates in Fig. 22 represents irregularities of the surface of the n-type single crystal silicon substrate caused
by a saw mark and abrasive grain marks resulting from cutting with the wire saw.
[0078] Fig. 23 shows a microscope photograph of another example of the surface of the n-type single crystal silicon
substrate cut with the wire saw described above, and Fig. 24 shows the result of measuring irregularities of the surface
of the n-type single crystal silicon substrate shown in Fig. 23 with a laser microscope. It is noted that the axis of abscissas
in Fig. 24 represents the width of the surface of the n-type single crystal silicon substrate (maximum width: 10 mm), and
the axis of ordinates in Fig. 24 represents irregularities of the surface of the n-type single crystal silicon substrate caused
by a saw mark and abrasive grain marks resulting from cutting with the wire saw.
[0079] It was confirmed that, as shown in Figs. 21 to 24, a saw mark as a large wave formed along a direction in which
the n-type single crystal silicon ingot was pressed against the wire saw, and abrasive grain marks in the shape of grooves
formed in the saw mark along a traveling direction of the wire saw (vertical lines in Figs. 21 and 23) were formed in the
surface of the n-type single crystal silicon substrate.
[0080] Next, slice damage in the surface of the n-type single crystal silicon substrate was removed by etching the
surface of the n-type single crystal silicon substrate formed as described above, to a depth of 30 mm, with an aqueous
solution of sodium hydroxide having a sodium hydroxide concentration of 48% by mass (i.e., 48 g of sodium hydroxide
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with respect to 52 g of water).
[0081] Fig. 25 shows a microscope photograph of one example of the surface of the n-type single crystal silicon
substrate shown in Fig. 21 subjected to etching, and Fig. 26 shows the result of measuring irregularities of the surface
of the n-type single crystal silicon substrate shown in Fig. 25 with a laser microscope. Fig. 27 shows the result of
measuring irregularities of the surface of the n-type single crystal silicon substrate shown in Fig. 25 subjected to etching
with a laser microscope. Although circular depressions were formed in the surface of the n-type single crystal silicon
substrate as shown in Fig. 25, the abrasive grain marks did not disappear from the surface of the n-type single crystal
silicon substrate as shown in Figs. 26 and 27.
[0082] Next, on the surface of the n-type single crystal silicon substrate subjected to etching described above, an n-
type doping paste in the shape of a plurality of bands (design width of one band of the n-type doping paste: 300 mm,
viscosity: 30 Pa·s) was placed intermittently at an interval of 1.5 mm to extend in a direction which formed an angle
included in a range of -5° to +5° with a direction in which the abrasive grain marks extended.
[0083] Fig. 28(a) shows a microscope photograph of the surface of the n-type single crystal silicon substrate on which
the n-type doping paste is placed to extend in the direction which forms an angle included in the range of -5° to +5° with
the direction in which the abrasive grain marks extend, and Fig. 28(b) shows an enlarged photograph of the microscope
photograph of Fig. 28(a). In Figs. 28(a) and 28(b), a dark-colored portion is where the n-type doping paste is placed,
and a light-colored portion indicates an opening.
[0084] It was confirmed that, as shown in Figs. 28(a) and 28(b), when the n-type doping paste was placed to extend
in the direction which formed an angle included in the range of -5° to +5° with the direction in which the abrasive grain
marks extended, the n-type doping paste was able to be suppressed from flowing out in a direction other than the
direction in which the n-type doping paste extended.
[0085] As a Comparative Example, the n-type doping paste was placed as described above, except for placing the n-
type doping paste in the shape of a plurality of bands to extend in a direction perpendicular to the direction in which the
abrasive grain marks extended.
[0086] Fig. 29(a) shows a microscope photograph of the surface of the n-type single crystal silicon substrate on which
the n-type doping paste is placed to extend in the direction perpendicular to the direction in which the abrasive grain
marks extend, and Fig. 29(b) shows an enlarged photograph of the microscope photograph of Fig. 29(a). In Figs. 29(a)
and 29(b), a dark-colored portion is where the n-type doping paste is placed, and a light-colored portion indicates an
opening.
[0087] It was confirmed that, as shown in Figs. 29(a) and 29(b), when the n-type doping paste was placed to extend
in the direction perpendicular to the direction in which the abrasive grain marks extended, the n-type doping paste flew
out in a direction other than the direction in which the n-type doping paste extended, and had a varied width, when
compared with the case where the n-type doping paste was placed to extend in the direction which formed an angle
included in the range of -5° to +5° with the direction in which the abrasive grain marks extended.
[0088] Further, from the surface of the n-type single crystal silicon substrate on which the n-type doping paste was
placed to extend in the direction which formed an angle included in the range of -5° to +5° with the direction in which
the abrasive grain marks extended, any 10 n-type doping paste-placed portions (sample Nos. 1 to 10) were selected,
the maximum value and the minimum value of the width of each of these 10 n-type doping paste-placed portions were
measured, and the difference between the maximum value and the minimum value was calculated. Then, an average
value and a standard deviation σ were calculated for each of the maximum values, the minimum values, and the differ-
ences between the maximum values and the minimum values, of the widths of the n-type doping paste-placed portions
of sample Nos. 1 to 10. Table 1 shows results thereof.

[Table 1]

(n-type doping paste applied vertically*1)

(unit: mm)

Sample No. Maximum Width Minimum Width Maximum Width-Minimum Width

1 333 292 41

2 356 303 53

3 320 289 31

4 344 295 49

5 306 280 26

6 328 291 37
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[0089] As shown in Table 1, for the maximum values, the minimum values, and the differences between the maximum
values and the minimum values of the widths of the n-type doping paste-placed portions of sample Nos. 1 to 10, the
average values were 327, 291, and 36, respectively, and standard deviations σ were 15, 8, and 12, respectively.
[0090] In contrast, from the surface of the n-type single crystal silicon substrate on which the n-type doping paste was
placed to extend in the direction perpendicular to the direction in which the abrasive grain marks extended, any 10 n-
type doping paste-placed portions were selected, the maximum value and the minimum value of the width of each of
these 10 n-type doping paste-placed portions (sample Nos. 11 to 20) were measured, and the difference between the
maximum value and the minimum value was calculated. Then, an average value and standard deviation σ were calculated
for each of the maximum values, the minimum values, and the differences between the maximum values and the minimum
values, of the widths of the n-type doping paste-placed portions of sample Nos. 11 to 20. Table 2 shows results thereof.

[0091] As shown in Table 2, for the maximum values, the minimum values, and the differences between the maximum
values and the minimum values of the widths of the n-type doping paste-placed portions of sample Nos. 11 to 20, the

(continued)

(n-type doping paste applied vertically*1)

(unit: mm)

Sample No. Maximum Width Minimum Width Maximum Width-Minimum Width

7 317 275 42

8 321 290 31

9 332 292 40

10 310 298 12

Average Value 327 291 36

σ 15 8 12

* 1: the n-type doping paste was placed to extend in the direction which formed an angle
included in the range of -5° to +5° with the direction in which the abrasive grain marks extended

[Table 2]

(n-type doping paste applied laterally*2)

(unit: mm)

Sample No. Maximum Width Minimum Width Maximum Width-Minimum Width

11 381 300 81

12 356 288 68

13 375 293 82

14 374 290 84

15 396 275 121

16 428 305 123

17 396 292 104

18 361 292 69

19 388 294 94

20 403 303 100

Average Value 386 293 93

σ 21 9 19

*2: the doping paste was placed to extend in the direction perpendicular to the direction in
which the abrasive grain marks extended
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average values were 386, 293, 93, respectively, and standard deviations σ were 21,9, and 19, respectively.
[0092] Similarly, for a p-type doping paste, comparison was made between a case where the p-type doping paste was
placed to extend in a direction which formed an angle included in a range of -5° to +5° with the direction in which the
abrasive grain marks extended and a case where the p-type doping paste was placed to extend in a direction perpendicular
to the direction in which the abrasive grain marks extended. The p-type doping paste in the shape of a plurality of bands
was placed on the surface of the silicon substrate, intermittently at an interval of 1.5 mm (design width of one band of
the p-type doping paste: 1000 mm, viscosity: 30 Pa·s)
[0093] As with the n-type doping paste, from the surface of the n-type single crystal silicon substrate on which the p-
type doping paste was placed to extend in the direction which formed an angle included in the range of -5° to +5° with
the direction in which the abrasive grain marks extended, any 10 p-type doping paste-placed portions (sample Nos. 21
to 30) were selected, the maximum value and the minimum value of the width of each of these 10 p-type doping paste-
placed portions were measured, and the difference between the maximum value and the minimum value was calculated.
Table 3 shows results thereof.
[0094] Further; as the Comparative Example, from the surface of the n-type single crystal silicon substrate on which
the p-type doping paste was placed to extend in a direction perpendicular to the direction in which the abrasive grain
marks extended, any 10 p-type doping paste-placed portions were selected, the maximum value and the minimum value
of the width of each of these 10 p-type doping paste-placed portions (sample Nos. 31 to 40) were measured, and the
difference between the maximum value and the minimum value was calculated. Table 4 shows results thereof.
[0095] Furthermore, an average value and standard deviation σ were calculated for each of the maximum values, the
minimum values, and the differences between the maximum values and the minimum values, of the widths of the p-type
doping paste-placed portions of sample Nos. 21 to 30 and sample Nos. 31 to 40. Tables 3 and 4 show results thereof.

[Table 3]

(p-type doping paste applied vertically* 1)

(unit: mm)

Sample No. Maximum Width Minimum Width Maximum Width-Minimum Width

21 1028 980 48

22 1009 967 42

23 1036 992 44

24 1020 970 50

25 1036 985 51

26 1031 992 39

27 1042 1001 41

28 1015 979 36

29 1029 977 52

30 1045 995 50

Average Value 1029 974 45

σ 12 11 6

* 1: the p-type doping paste was placed to extend in the direction which formed an angle
included in the range of -5° to +5° with the direction in which the abrasive grain marks extended

[Table 4]

(p-type doping paste applied laterally*2)

(unit: mm)

Sample No. Maximum Width Minimum Width Maximum Width-Minimum Width

31 1088 977 111

32 1112 989 123
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[0096] As shown in Table 3, for the maximum values, the minimum values, and the differences between the maximum
values and the minimum values of the widths of the p-type doping paste-placed portions of sample Nos. 21 to 30, the
average values were 1029, 974, and 45, respectively, and standard deviations σ were 12, 11, and 6, respectively.
[0097] Further, as shown in Table 4, for the maximum values, the minimum values, and the differences between the
maximum values and the minimum values of the widths of the p-type doping paste-placed portions of sample Nos. 31
to 40, the average values were 1118, 987, and 131, respectively, and standard deviations σ were 21, 12, and 15,
respectively.
[0098] As described above, it was confirmed that, as shown in Tables 1 to 4, deviation of the width of the n-type doping
paste from a designed value can be suppressed when the doping paste is placed to extend in the direction which forms
an angle included in the range of -5° to +5° with the direction in which the abrasive grain marks extend, when compared
with the case where the doping paste is placed to extend in the direction perpendicular to the direction in which the
abrasive grain marks extend.

<Fabrication and Evaluation of Back Electrode Type Solar Cell>

[0099] Back electrode type solar cells were fabricated, respectively using an n-type single crystal silicon substrate
having n-type doping paste-placed portions of sample Nos. 1 to 10 and p-type doping paste-placed portions of sample
Nos. 21 to 30 (i.e., a substrate of the Example), and an n-type single crystal silicon substrate having n-type doping paste-
placed portions of sample Nos. 11 to 20 and p-type doping paste-placed portions of sample Nos. 31 to 40 (i.e., a substrate
of the Comparative Example).
[0100] Specifically, first, an n-type doping paste was placed on each of the substrates of the Example and the Com-
parative Example thermally oxidized in a quartz furnace at 900°C for 20 minutes in an oxygen atmosphere. Thereafter,
each of the substrates of the Example and the Comparative Example was placed inside an oven and heated at 200°C
for 30 minutes to dry the n-type doping paste.
[0101] Next, each of the substrates of the Example and the Comparative Example was heated in the quartz furnace
at 950°C for 30 minutes, and thereby phosphorus was diffused at the n-type doping paste-placed portions in each of
the substrates of the Example and the Comparative Example to form n-type dopant diffusion regions.
[0102] Next, each of the substrates of the Example and the Comparative Example was immersed in an aqueous
solution of hydrofluoric acid, thereby removing all of the residue of the n-type doping paste on each of the substrates of
the Example and the Comparative Example.
[0103] Next, a p-type doping paste was placed between the n-type dopant diffusion regions formed in each of the
substrates of the Example and the Comparative Example thermally oxidized in the quartz furnace at 900°C for 20 minutes
in an oxygen atmosphere. Thereafter, each of the substrates of the Example and the Comparative Example was placed
inside the oven and heated at 200°C for 30 minutes to dry the p-type doping paste.

(continued)

(p-type doping paste applied laterally*2)

(unit: mm)

Sample No. Maximum Width Minimum Width Maximum Width-Minimum Width

33 1140 991 149

34 1095 964 131

35 1124 997 127

36 1108 993 115

37 1099 981 118

38 1131 993 138

39 1154 1005 149

40 1129 980 149

Average Value 1118 987 131

σ 21 12 15

*2: the doping paste was placed to extend in the direction perpendicular to the direction in
which the abrasive grain marks extended
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[0104] Next, each of the substrates of the Example and the Comparative Example was heated in the quartz furnace
at 1000°C for 30 minutes, and thereby boron was diffused at the p-type doping paste-placed portions in each of the
substrates of the Example and the Comparative Example to form p-type dopant diffusion regions.
[0105] Next, each of the substrates of the Example and the Comparative Example was immersed in an aqueous
solution of hydrofluoric acid, thereby removing all of the residue of the p-type doping paste on each of the substrates of
the Example and the Comparative Example.
[0106] Next, a passivation film made of a silicon nitride film was formed by the plasma CVD method over the entire
surface of each of the substrates of the Example and the Comparative Example on a side where the n-type dopant
diffusion regions and the p-type dopant diffusion regions were formed.
[0107] Next, a texture structure was formed by texture-etching a surface of each of the substrates of the Example and
the Comparative Example on a side opposite to the side having the passivation film formed thereon. Here, the texture-
etching was performed using an etching solution at 70°C to 80°C prepared by adding isopropyl alcohol to an aqueous
solution of sodium hydroxide having a sodium hydroxide concentration of 3% by mass.
[0108] Next, an antireflection film made of a silicon nitride film was formed by the plasma CVD method on the texture
structure of each of the substrates of the Example and the Comparative Example.
[0109] Next, contact holes were formed by removing portions of the passivation film on each of the substrates of the
Example and the Comparative Example in the shape of bands to expose a portion of each of the n-type dopant diffusion
regions and the p-type dopant diffusion regions.
[0110] Thereafter, a commercially available silver paste was applied to fill the contact holes in each of the substrates
of the Example and the Comparative Example, was dried, and fired by being heated at 600°C for 20 minutes, to form
silver electrodes in contact with the n-type dopant diffusion regions and the p-type dopant diffusion regions, respectively.
Thereby, the back electrode type solar cells respectively using the substrates of the Example and the Comparative
Example were fabricated.
[0111] Subsequently, each of the back electrode type solar cell fabricated using the substrate of the Example (i.e.,
solar cell of the Example) and the back electrode type solar cell fabricated using the substrate of the Comparative
Example (i.e., solar cell of the Comparative Example) was irradiated with quasi solar light using a solar simulator, and
current-voltage (IV) characteristics were measured, and short circuit current density, open voltage, F. F (Fill Factor),
conversion efficiency, and leak current were measured. Table 5 shows results thereof. It is noted that, in Table 5, values
of the short circuit current density, open voltage, F. F, conversion efficiency, and leak current of the solar cell of the
Example are expressed as relative values obtained when values of the short circuit current density, open voltage, F. F,
conversion efficiency, and leak current of the solar cell of the Comparative Example are each set to 100.

[0112] It was confirmed that, as shown in Table 5, the solar cell of the Example has higher short circuit current density,
open voltage, F. F, conversion efficiency, and lower leak current, when compared with the solar cell of the Comparative
Example. Therefore, the solar cell of the Example can stably obtain good characteristics, when compared with the solar
cell of the Comparative Example.
[0113] This is considered to be because, since the n-type dopant diffusion regions and the p-type dopant diffusion
regions can be stably formed in the shape of bands extending in the direction which forms an angle included in the range
of -5° to +5° with the direction in which the abrasive grain marks extend in the solar cell of the Example, each of the n-
type dopant diffusion regions and the p-type dopant diffusion regions has less variation in width, when compared with
the solar cell of the Comparative Example.
[0114] It should be understood that the embodiment and the example disclosed herein are illustrative and non-restrictive
in every respect. The scope of the present invention is defined by the scope of the claims, rather than the description
above, and is intended to include any modifications within the scope and meaning equivalent to the scope of the claims.

INDUSTRIAL APPLICABILITY

[0115] The present invention is applicable to a semiconductor device and a method for manufacturing a semiconductor
device, and in particular suitably applicable to a back electrode type solar cell and a method for manufacturing a back
electrode type solar cell.

[Table 5]

Short Circuit Current Density Open Voltage F.F Conversion Efficiency Leak Current

Example 104 101 109 115 9

Comparative Example 100 100 100 100 100
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REFERENCE SIGNS LIST

[0116] 1: semiconductor substrate; 1a: slice damage; 3: n-type doping paste; 4: p-type doping paste; 5: passivation
film; 10: texture structure; 6: passivation film; 13: n-type dopant diffusion region; 14: p-type dopant diffusion region; 23,
24: contact hole; 33: electrode for n type; 34: electrode for p type; 50: semiconductor crystal ingot; 51, 52: guide roller;
53: wire saw; 53a: core wire; 53b: abrasive grains; 54, 55: arrow; 61: saw mark; 62: abrasive grain marks; 101: silicon
substrate; 103: n-type doping paste; 104: p-type doping paste; 105: silicon oxide film; 106: light receiving surface pas-
sivation film; 110: texture structure; 113: n-type dopant diffusion region; 114: p-type dopant diffusion region; 123, 124:
contact hole; 133: electrode for n type; 134: electrode for p type.

Claims

1. A semiconductor device, comprising:

a semiconductor substrate; and
a dopant diffusion region provided in one surface of said semiconductor substrate, wherein
abrasive grain marks are formed in said surface of said semiconductor substrate,
said dopant diffusion region has a portion extending in a direction which forms an angle included in a range of
-5° to +5° with a direction in which said abrasive grain marks extend, and
said dopant diffusion region is formed by diffusing a dopant from a doping paste placed on the one surface of
said semiconductor substrate.

2. The semiconductor device according to claim 1, wherein
said dopant diffusion region has at least one of an n-type dopant diffusion region and a p-type dopant diffusion
region, and
the semiconductor device further comprises:

an electrode for n type provided on said n-type dopant diffusion region; and
an electrode for p type provided on said p-type dopant diffusion region.

3. A method for manufacturing a semiconductor device, comprising the steps of:

forming abrasive grain marks extending in one direction in a surface of a semiconductor substrate;
placing a doping paste having a portion extending in a direction which forms an angle included in a range of
-5° to +5° with a direction in which said abrasive grain marks extend, on a portion of said surface of said
semiconductor substrate; and
forming a dopant diffusion region from a dopant in said doping paste on said semiconductor substrate.

4. The method for manufacturing a semiconductor device according to claim 3, wherein said step of forming the abrasive
grain marks includes the step of cutting a semiconductor crystal ingot with a wire saw.

5. The method for manufacturing a semiconductor device according to claim 3 or 4, comprising the step of etching
said surface of said semiconductor substrate between said step of forming the abrasive grain marks and said step
of placing the doping paste.
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