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ABSTRACT 

The present invention relates to an application liquid for 
forming a semiconductor film, the application liquid com­
prising: an inorganic semiconductor particle; and a com­
pound having a relative permittivity of 2 or more or a com­
pound having reducing power against the inorganic 
semiconductor particle; a method for producing a semicon­
ductor film comprising a step of applying the application 
liquid; a semiconductor film and a semiconductor element 
comprising the semiconductor film; and a method for produc­
ing the semiconductor element. 
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SEMICONDUCTOR FILM AND 
SEMICONDUCTOR ELEMENT 

TECHNICAL FIELD 

[0001] The present invention relates to an application liquid 
for forming a semiconductor film, a semiconductor film and a 
method for producing the semiconductor film, and a semi­
conductor element and a method for producing the semicon­
ductor element. 

BACKGROUND ART 

[0002] Currently, development of a solar cell using a sub­
strate comprising a resin, metal foil, or the like as a material 
has actively been made for the purpose of weight reduction, 
improving processability, and cost down. As a solar cell that 
has plasticity and is capable of enduring deformation to some 
extent, an amorphous silicon solar cell and a CIGS solar cell 
have become a mainstream of the present time. In addition, 
vacuum processes such as a plasma CVD method, a sputter­
ing method, and a vapor deposition method have been used 
for production of solar cells. 
[0003] Meanwhile, studies on non-vacuum processes have 
energetically been made. For example, a method for produc­
ing a polycrystalline silicon film using a silicon polymer is 
described in Patent Literature 1. Moreover, studies on a 
method for producing a CI GS solar cell by a printing method 
have also been made. In the method, a precursor of copper and 
indium is printed to form a thin film, and thereafter the solar 
cell is manufactured through a reduction step and further a 
selenization step. 

CITATION LIST 

Patent Literature 

[0004] Patent Literature 1: Japanese Patent No. 4016419 
[0005] Patent Literature 2: Japanese Patent Application 
Laid-Open No. 9-36399 

SUMMARY OF INVENTION 

Technical Problem 

[0006] However, it is difficult to obtain a solar cell having a 
large area by the vacuum processes because the area is limited 
depending on vacuum apparatuses. Furthermore, utilization 
efficiency of materials in the vacuum processes is poor. More­
over, the power consumption of apparatuses used in the 
vacuum processes is large, therefore product costs tend to 
become high, and environmental load on the earth is large. 
Moreover, since a high temperature process is necessary, 
usable substrates are limited. 
[0007] On the other hand, with respect to the method of 
Patent Literature 1, although a silicon film can be manufac­
tured, it is not clear whether the film can be used as a solar cell 
or not, and the performance is unknown. Furthermore, the 
high temperature process is necessary in the course of manu­
facturing the silicon film from a silicon polymer. Accord­
ingly, usable substrates are limited. 
[0008] Moreover, with respect to the printing method, the 
reduction step and the selenization step are necessary, and 
therefore there exist the same problems as those of the 
vacuum processes in terms of costs and the environmental 
load. Furthermore, also in the printing method, the high tern-
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perature process is necessary in the selenization step, and 
therefore usable substrates are limited. 
[0009] On the other hand, a solar cell in which a third layer 
comprising a material having a large band gap is provided 
between a p-type semiconductor layer and an n-type semi­
conductor layer is described in Patent Literature 2. Owing to 
the third layer, the amount of a saturated current during the 
time when the light does not enter is decreased and the con­
version efficiency is improved. However, it is described in 
Patent Literature 2 that it is suitable that the thickness of the 
third layer is set to an extent so as not to exceed 20 nm in order 
for tunnel effect to occur and when the layer thickness 
exceeds 20 nm, electrons and holes generated by light absorp­
tion are inhibited from diffusing to the p-type layer and the 
n-type layer. 
[0010] The present invention intends to provide an appli­
cation liquid for forming a semiconductor film suitably for an 
application method, with which a semiconductor film having 
a large area can be manufactured by a low temperature pro­
cess, and with which cost reduction can be achieved. The 
present invention also provides a semiconductor film and a 
method for producing the semiconductor film, each using the 
application liquid for forming a semiconductor film. 
[0011] The present invention further intends to provide a 
semiconductor element excellent in power generation effi­
ciency by the layer comprising the above-mentioned film. 
The present invention further intends to provide a semicon­
ductor element comprising a junction interface layer, the 
semiconductor element being excellent in power generation 
efficiency and being low-cost and to provide a method for 
producing the semiconductor element. 

Solution to Problem 

[0012] The present inventors have made diligent studies in 
order to solve the problems and, as a result, have completed 
the present invention. 
[0013] The present invention provides an application liquid 
for forming a semiconductor film, the application liquid com­
prising: an inorganic semiconductor particle; and a com­
pound having a relative permittivity of 2 or more. The present 
invention also provides an application liquid for forming a 
semiconductor film, the application liquid comprising: an 
inorganic semiconductor particle; and a compound having 
reducing power against the inorganic semiconductor particle. 
[0014] The present invention also provides a semiconduc­
tor film comprising: an inorganic semiconductor particle; and 
a compound having a relative permittivity of 2 or more. The 
present invention also provides a semiconductor film com­
prising: an inorganic semiconductor particle; and a com­
pound having reducing power against the inorganic semicon­
ductor particle. Details of the semiconductor film will be 
described later. 
[0015] It is preferable that the aforementioned compound 
having a relative permittivity of 2 or more be at least one 
selected from the group consisting of glycerin, thioglycerol, 
cyano group-containing organic compounds, and polyvi­
nylidene fluoride (PVDF). Moreover, it is preferable that the 
aforementioned compound having reducing power against 
the inorganic semiconductor particle be at least one selected 
from the group consisting of glycerin and thioglycerol. 
[0016] In addition, the cyano group-containing organic 
compound means a compound containing one or more cyano 
groups. Details of the cyano group-containing organic com­
pound will be described later. 
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[0017] It is preferable in the application liquid for forming 
a semiconductor film of the present invention that the content 
of the compound having a relative permittivity of2 or more or 
the compound having reducing power against the inorganic 
semiconductor particle be 0.5 to 90% by mass. Moreover, it is 
preferable in the application liquid for forming a semicon­
ductor film of the present invention that the content of the 
inorganic semiconductor particle be 0.5 to 70% by mass. 
[0018] It is preferable in the semiconductor film of the 
present invention that the content of the compound having a 
relative permittivity of 2 or more or the compound having 
reducing power against the inorganic semiconductor particle 
be 0.5 to 80 mass%. It is preferable in the semiconductor film 
of the present invention that the content of the inorganic 
semiconductor particle be 2.0 to 99.5% by mass. 
[0019] It is preferable that the aforementioned inorganic 
semiconductor particle be a silicon particle, a compound 
semiconductor particle, or a titanium oxide particle. It is 
preferable that the average particle size of the aforementioned 
silicon particle be 0.1 to 400 µm. Moreover, it is preferable 
that the average particle size of the aforementioned com­
pound semiconductor particle be 0.05 to 50 µm. Moreover, it 
is preferable that the average particle size of the aforemen­
tioned titanium oxide particle be 0.005 to 50 µm. 
[0020] The present invention also provides a method for 
producing a semiconductor film, the method comprising a 
step of applying the application liquid for forming a semicon­
ductor film to a substrate on which an electrode is formed. The 
present invention also provides a semiconductor element 
comprising: a layer comprising the semiconductor film. 
[ 0021] The semiconductor element of the present invention 
is an element comprising: a semiconductor layer or a layer 
comprising a semiconductor film; or a semiconductor layer 
and a layer comprising a semiconductor film. Details of the 
semiconductor element will be described later. 
[0022] The present invention further provides a semicon­
ductor element comprising: the layer comprising a semicon­
ductor film; and another semiconductor film having an oppo­
site charge to a charge of the semiconductor film or another 
semiconductor layer having an opposite charge to the charge 
of the semiconductor film. 
[0023] In addition, the "semiconductor layer" is different 
from the "semiconductor film (layer comprising the semicon­
ductor film)" in the present embodiments. The semiconductor 
film is, as described above, a semiconductor film comprising: 
an inorganic semiconductor particle; and a compound having 
a relative permittivity of 2 or more. On the other hand, the 
semiconductor layer is formed from a semiconductor such as 
a silicon wafer, an inorganic semiconductor layer, or an 
organic semiconductor layer. Details concerning the semi­
conductor layer, and the "semiconductor film (layer compris­
ing the semiconductor film)" will be described later. 
[0024] The present invention further provides a semicon­
ductor element comprising: the layer comprising a semicon­
ductor film; a layer comprising another semiconductor film 
having an opposite charge to a charge of the semiconductor 
film; and a junction interface layer comprising a compound 
having a relative permittivity of 2 or more between the layer 
comprising a semiconductor film and the layer comprising 
another semiconductor film. 
[0025] In addition, the junction interface layer is a layer 
provided at a junction interface of the semiconductor layer, 
the layer comprising a compound having a relative permittiv­
ity of2 or more. Details thereof will be described later. 
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[0026] Examples of such a semiconductor element include 
a semiconductor element in which the layer comprising a 
semiconductor film is a layer comprising a p-type semicon­
ductor film and the layer comprising another semiconductor 
film is a layer comprising an n-type semiconductor film. 
[0027] The present invention further provides a semicon­
ductor element comprising: the layer comprising a semicon­
ductor film; a semiconductor layer; and a junction interface 
layer comprising a compound having a relative permittivity of 
2 or more between the aforementioned two layers. 
[0028] Examples of such a semiconductor element include 
a semiconductor element in which the layer comprising a 
semiconductor film is a layer comprising a p-type semicon­
ductor film and the semiconductor layer is an n-type semi­
conductor layer, or the layer comprising a semiconductor film 
is a layer comprising an n-type semiconductor film and the 
semiconductor layer is a p-type semiconductor layer. 
[0029] In this case, it is preferable that the semiconductor 
layer is a titanium oxide layer, a silicon wafer, or a compound 
semiconductor layer. 
[0030] The present invention further provides a semicon­
ductor element comprising: a first semiconductor layer; a 
second semiconductor layer; and a junction interface layer 
comprising a compound having a relative permittivity of 2 or 
more between the first semiconductor layer and the second 
semiconductor layer. Such a semiconductor element includes 
a semiconductor element in which the first semiconductor 
layer is a p-type semiconductor layer and the second semi­
conductor layer is an n-type semiconductor layer. 
[0031] In this case, it is preferable that at least one of the 
semiconductor layers be a titanium oxide layer, a silicon 
wafer, or a compound semiconductor layer. 
[0032] It is preferable in the semiconductor element that the 
compound contained in the junction interface layer, the com­
pound having a relative permittivity of 2 or more be at least 
one selected from the group consisting of glycerin, thioglyc­
erol, cyano group-containing organic compounds, and PVDF. 
[0033] In addition, it is preferable that the thickness of the 
junction interface layer be 0.03 to 500 µm. Moreover, it is 
preferable that the transmittance of the junction interface 
layer be 35% or more. 
[0034] The present invention further provides a method for 
producing a semiconductor element, the method comprising 
a step of obtaining a laminate having a layer comprising a 
compound having a relative permittivity of 2 or more on a 
p-type semiconductor layer or an n-type semiconductor layer. 
In this case, the method for producing a semiconductor ele­
ment may comprise: the above-described step; further, a step 
of obtaining another laminate having another p-type semi­
conductor layer or another n-type semiconductor layer on a 
transparent electrode; and a step of sticking the laminate and 
the other laminate with the layer comprising a compound 
having a relative permittivity of2 or more and the other p-type 
or n-type semiconductor layer facing each other. 
[0035] The present invention further provides a method for 
producing a semiconductor element, the method comprising: 
a step of obtaining a laminate having a p-type or n-type 
semiconductor layer and a layer comprising a compound 
having a relative permittivity of 2 or more in this order on a 
transparent electrode; and a step of sticking another p-type or 
n-type semiconductor layer to the layer comprising a com­
pound having a relative permittivity of 2 or more. 
[0036] It is preferable in the production method that the 
layer comprising a compound having a relative permittivity of 
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2 or more be a layer obtained by removing a volatile compo­
nent from the application liquid comprising the compound 
having a relative permittivity of 2 or more. 
[0037] It is preferable in the production method that the 
compound having a relative permittivity of 2 or more be at 
least one selected from the group consisting of glycerin, 
thioglycerol, cyano group-containing organic compounds, 
andPVDF. 
[0038] In addition, it is preferable in the present invention 
that the semiconductor element be a solar cell. 
[0039] The solar cell of the present invention is a cell com­
prising: a semiconductor layer, a layer comprising a semicon­
ductor film or a semiconductor layer and a layer comprising a 
semiconductor film; an electrode; a substrate, in which power 
is generated by light. Details of the solar cell will be described 
later. 
[0040] When the solar cell comprises the layer comprising 
a semiconductor film, it is preferable that the inorganic semi­
conductor particle contained in the semiconductor film make 
contact with the electrode. 

Advantageous Effects oflnvention 

[0041] According to the present invention, an application 
liquid for forming a semiconductor film can be provided in 
which the application liquid is suitably used for an applica­
tion method by which obtaining large-area semiconductor 
films becomes easy and the production of the large-area semi­
conductor films at low cost becomes possible; and with the 
application liquid, a semiconductor film can be made by a low 
temperature process. Moreover, according to the present 
invention, a semiconductor film that is suitably used for a 
semiconductor element (solar cell), and a method for produc­
ing the semiconductor film can be provided. Moreover, 
according to the present invention, a semiconductor element 
( solar cell) that is excellent in power generation efficiency can 
be provided by comprising the layer that comprises the semi­
conductor film. Furthermore, according to the present inven­
tion, a semiconductor element (solar cell) comprising a junc­
tion interface layer, the semiconductor element being 
excellent in power generation efficiency and being low-cost 
and a method for producing the semiconductor element can 
be provided. 

BRIEF DESCRIPTION OF DRAWINGS 

[0042] FIG. 1 is a sectional view illustrating an embodi­
ment of a solar cell of the present invention. 
[0043] FIG. 2 is a sectional view illustrating an embodi­
ment of a solar cell of the present invention. 
[0044] FIG. 3 is a sectional view illustrating an embodi­
ment of a solar cell of the present invention. 
[0045] FIG. 4 is a sectional view illustrating an embodi­
ment of a solar cell of the present invention. 
[0046] FIG. 5 is a sectional view illustrating an embodi­
ment of a solar cell of the present invention. 
[0047] FIG. 6 is a sectional view illustrating an embodi­
ment of a solar cell of the present invention. 
[0048] FIG. 7 is a sectional view illustrating an embodi­
ment of a solar cell of the present invention. 
[0049] FIG. 8 is a sectional view illustrating an embodi­
ment of a solar cell of the present invention. 
[0050] FIG. 9 is a sectional view illustrating a general 
embodiment of a solar cell. 
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[0051] FIGS. l0(A) and lO(B) are graphs showing a prop­
erty of solar cells comprising semiconductor films of Com­
parative Example 1 (A) and Example 1 (B), respectively. 
[0052] FIGS. ll(A), ll(B), and ll(C) are graphs showing 
a property of solar cells comprising semiconductor films of 
Comparative Example 2 (A), Example 2 (B), and Example 3 
(C), respectively. 
[0053] FIG. 12 is a graph showing a property of a solar cell 
comprising a semiconductor film of Example 12. 
[0054] FIG. 13 is a diagram illustrating a specific prepara­
tion method of a sample for solar cell evaluation in Examples. 

DESCRIPTION OF EMBODIMENTS 

[0055] Suitable embodiments of the present invention will 
be described below. 
[0056] An application liquid for forming a semiconductor 
film of the present embodiments comprises an inorganic 
semiconductor particle and a compound having a relative 
permittivity of 2 or more, or inorganic semiconductor particle 
and a compound having reducing power against the inorganic 
semiconductor particle. 
[0057] (Inorganic Semiconductor Particle) 
[0058] The inorganic semiconductor particle is a semicon­
ductor particle made of an inorganic substance and in which 
a current flows in particular conditions. The inorganic semi­
conductor particles are roughly classified into p-type semi­
conductor particles and n-type semiconductor particles. The 
p-type here is a case where a carrier of charge transfer in the 
semiconductor is a hole. Then-type is a case where the carrier 
of the charge transfer in the semiconductor is a conduction 
electron. The hole and conduction electron are together 
referred to as a carrier. As an inorganic semiconductor par­
ticle, a silicon particle, compound semiconductor particles, 
metal oxide particles, and so on are preferable. The silicon 
particle is more preferable from the standpoint of carrier 
transfer and costs. 
[0059] The silicon particles include a p-type, ann-type, and 
an i-type silicon particle. 
[0060] Compounds to be used for the compound semicon­
ductor particle include silicon germanium compounds, CIS­
based compounds, GIGS-based compounds, CZTS-based 
compounds, CGS-based compounds, CdTe compounds, InP 
compounds, GaAs compounds, GaSb compounds, GaP com­
pounds, InSb compounds, InAs compounds, ZnTe com­
pounds, ZnSe compounds, FeS compounds, CuS com­
pounds, tin sulfide, antimony sulfide, and so on. The CIS­
based compound is a compound made of Cu, In, and S, or Cu, 
In, S, and Se, and an aspect in which both compounds are used 
together is included. The CIGS-based compound is a com­
pound made of Cu, In, Ga, andS, or Cu, In, Ga, S, and Se, and 
an aspect in which both compounds are used together is 
included. The CZTS-based compound is a compound made 
of Cu, Zn, Sn, and S, or Cu, Zn, Sn, S, and Se, and an aspect 
in which both compounds are used together is included. The 
CGS-based compound is a compound made of Cu, Ga, and S, 
or Cu, Ga, S, and Se, and an aspect in which both compounds 
are used together is included. In addition, these compounds to 
be used for the compound semiconductor particle may be 
used in combination of two or more. 
[0061] Oxides to be used for the metal oxide particle 
include metal oxides such as copper (I) oxide, copper (II) 
oxide, iron oxide, zinc oxide, silver oxide, copper oxide, 
titanium oxide (rutile, anatase), zinc oxide, and silver oxide. 
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These oxides to be used for the metal oxide particle may be 
used in combination of two or more. 

[0062] It is preferable that the inorganic semiconductor 
particle have a high crystallinity and be a high purity. The 
crystallinity of the particle can be assessed from full width at 
half maximum obtained by an X-ray analysis in the case of the 
compound semiconductor particle and the metal oxide par­
ticle and from the resistivity in the case of the silicon particle. 
It is preferable that the purity of the inorganic semiconductor 
particle be 99 .99% by mass, and more preferably 99 .999% by 
mass. 

[0063] Description is made in detail on the silicon particle. 
The method for producing the silicon particle is not particu­
larly limited, and the silicon particle can be produced by, for 
example, a method using a high crystallinity semiconductor 
micro particle production apparatus utilizing a pulse pressure 
addition orifice spraying method, a method of pulverizing a 
polycrystalline or mono crystalline silicon ingot or wafer, or 
the like. Moreover, chips during wafer production and so on 
can also be used as a silicon particle. As a p-type silicon 
particle, for example, a silicon particle obtained by doping 
boron, gallium, or the like as an additive is used. As an n-type 
silicon particle, a silicon particle obtained by doping phos­
phorus, nitrogen, arsenic, or the like as an additive is used. It 
is preferable that the concentration of these additives con­
tained in the silicon particle be 1012 atom/cm3 or more, and 
more preferably 1013 atom/cm3 or more. Moreover, it is pref­
erable that the concentration of these additives be 1021 atom/ 
cm3 or less, and more preferably 1020 atom/cm3 or less. It is 
preferable from the standpoint of charge transfer in the semi­
conductor and spread of a depletion layer that the resistivity 
of the silicon particle be 0.0001 Qcm or more, and more 
preferably 0.001 Qcm. Moreover, it is preferable that the 
resistivity of the silicon particle be 1000 Qcm or less, and 
more preferably 100 Qcm or less. 

[0064] As a method of pulverizing an ingot or wafer, either 
dry pulverization or wet pulverization may be used, and both 
methods may be used together. A hummer crusher or the like 
can be utilized for the dry pulverization. A ball mill, a plan­
etary ball mill, a bead mill, a homogenizer, or the like can be 
utilized for the wet pulverization. Solvents for the wet pul­
verization include compounds having a relative permittivity 
of 2 or more, which will be described later, compounds hav­
ing reducing power against the inorganic semiconductor par­
ticle, and dispersants. 

[0065] It is preferable from the standpoint of reducing con­
tact resistance among particles that the average particle size 
of the silicon particle be 400 µm or less, more preferably 200 
µm or less, further more preferably 100 µm or less, and 
extremely preferably 70 µm or less. Moreover, it is preferable 
from the standpoint of reducing contact resistance between a 
particle and an electrode and of diffusion length that the 
average particle size of the silicon particle be 0.1 µm or more, 
more preferably 1 µmormore, and further more preferably 10 
µmormore. 

[0066] In addition, the diameter (particle size) of the inor­
ganic semiconductor particle such as the silicon particle, the 
compound semiconductor particle, the metal oxide particle, 
or the like is measured by the following methods. 

[0067] With regard to the silicon particle, the particle size is 
measured by an image processing method using a micro­
scope. 
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[0068] With regard to a particle other than the silicon par­
ticle, a solution in which the particle is dispersed is prepared, 
and the particle size is measured using a dynamic light scat­
tering method. 
[0069] Description is made in detail on the compound 
semiconductor particle. The method for producing the com­
pound semiconductor particle is not particularly limited, and 
the compound semiconductor particle can be produced by, for 
example, a gas phase method, a liquid phase method, or the 
like. As a method of pulverizing the obtained particle, either 
dry pulverization or wet pulverization can be used, or both 
methods can be used together. A hummer crusher or the like 
can be utilized for the dry pulverization. A ball mill, a bead 
mill, a homogenizer, or the like can be utilized for the wet 
pulverization. Solvents for the wet pulverization include 
compounds having a relative permittivity of 2 or more, which 
will be described later, compounds having reducing power 
against an inorganic semiconductor particle, dispersants, and 
so on can be used. 
[0070] It is preferable from the standpoint of reducing con­
tact resistance among particles that the average particle size 
of the compound semiconductor particle be 50 µm or less, 
more preferably 20 µm or less, and further more preferably 10 
µm or less. Moreover, it is preferable from the standpoint of 
reducing contact resistance between a particle and an elec­
trode and of diffusion length that the average particle size of 
the compound semiconductor particle be 0.05 µm or more, 
more preferably 0.1 µm or more, and further more preferably 
0.2 µm or more. 
[0071] It is preferable from the standpoint of allowing car­
rier transfer to become favorable that the full width at half 
maximum in the X-ray analysis of the compound semicon­
ductor particle be 2 degrees or less, and more preferably 1 
degree or less. 
[0072] Description is made in detail on the metal oxide 
particle. The method for producing the metal oxide particle is 
not particularly limited, and the metal oxide particle can be 
produced by, for example, a sol-gel method or the like. 
[0073] It is preferable from the standpoint of reducing con­
tact resistance among particles and of diffusion length that the 
average particle size of the metal oxide particle be 0.001 µm 
or more, more preferably 0.005 µm or more, further more 
preferably 0.01 µm or more, and extremely preferably 0.05 
µm or more. Moreover, it is preferable from the same stand­
point that the average particle size of the metal oxide particle 
be 50 µm or less, more preferably 30 µm or less, and further 
more preferably 20 µm or less. 
[007 4] It is preferable from the standpoint of allowing car­
rier transfer to become favorable that the full width at half 
maximum in the X-ray analysis of the metal oxide particle be 
2 degrees or less, and more preferably 1 degree or less. 
[0075] It is preferable that the content of the inorganic 
semiconductor particle contained in the application liquid for 
forming a semiconductor film be 0.5% by mass or more, more 
preferably 1 % by mass or more, and further more preferably 
1.5% by mass or more. Moreover, it is preferable from the 
standpoint of dispersibility of the inorganic semiconductor 
particle that the content of the inorganic semiconductor par­
ticle be 70% by mass or less, more preferably 50% by mass, 
and further more preferably 40% by mass. 
[0076] (Compound Having Relative Permittivity of 2 or 
More) 
[0077] The relative permittivity means a value measured by 
an impedance method setting a measurement frequency to 1 
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kHz and a measurement temperature to 23° C. A preferable 
range of the relative permittivity is 2 or more from the stand­
point of photoelectric conversion efficiency, preferably 5 or 
more, and more preferably 10 or more. Moreover, it is pref­
erable from the same standpoint that the relative permittivity 
be 5000 or less, more preferably 1500 or less, and further 
more preferably 200 or less. 
[0078] In addition, the photoelectric conversion efficiency 
ri can be determined by the following formula. 

17~( output of solar cell)/l00xl00 

Output of solar cell~short-circuit current densityx 
open-circuit voltagexFF= Vmax·Imax 

[0079] (Imax is a current when the output of the solar cell 
becomes maximum, and Vmax is a voltage when the output of 
the solar cell becomes maximum.) 
[0080] The compounds having a relative permittivity of2 or 
more are roughly classified into organic compounds and inor­
ganic compounds. 
[0081] The organic compounds include, as general resins, 
polyvinylidene chloride, polyvinylidene fluoride (PVDF), 
acrylic resins, acetyl cellulose, aniline resins, ABS resins, 
ebonite, vinyl chloride resins, acrylonitrile resins, aniline 
formaldehyde resins, aminoalkyl resins, urethanes, AS resins, 
epoxy resins, vinyl butyral resins, 3-fluorinated ethylene res­
ins, silicon resins, vinyl acetate resins, styrene butadiene rub­
ber, silicon rubber, cellulose acetates, styrene resins, dextrin, 
nylon, soft vinyl butyral resins, fluororesins, furfural resins, 
polyamides, polyester resins, polycarbonate resins, phenol 
resins, furan resins, polyacetal resins, melamine resins, urea 
resins, polysulfide polymers, polyethylenes, and so on. The 
organic compounds also include acetone, methyl alcohol, 
isobutyl alcohol, ethyl alcohol, aniline, methyl isobutyl 
ketone, ethylene glycol, propylene glycol, polyethylene gly­
cols, polypropylene glycols, glycerin, cresol glycol, diallyl 
phthalate, dextrin, pyranol, phenol, bakelite varnish, forma­
lin, thioglycerol, chloropyrene, succinic acid, succinonitrile, 
nitrocellulose, ethyl cellulose, hydroxyethyl cellulose, 
starch, hydroxypropyl starch, pullulan, glycidol pullulan, 
polyvinyl alcohol, sucrose, sorbitol, cyano group-containing 
organic compounds, and so on. 
[0082] In addition, the cyano group-containing organic 
compound is a compound in which one or more cyano groups 
are contained. More preferably, the cyano group-containing 
organic compound is a cyanoethyl group-containing organic 
compound. Specific examples of the cyano group-containing 
organic compound include cyanoethyl pullulan, cyanoethyl 
polyvinyl alcohol, cyanoethyl saccharose ( cyanoethyl 
sucrose), cyanoethyl cellulose, cyanoethyl hydroxy ethyl cel­
lulose, cyanoethyl starch, cyanoethyl hydroxypropyl starch, 
cyanoethyl glycidol pullulan, cyanoethyl sorbitol. 
[0083] Particularly in the case of the organic compound, an 
organic compound containing an atom or functional group 
having a high polarity is preferable because the dielectric 
constant is large. The dipole moment that is an index of 
polarity can be estimated from the sum of the bond moment. 
As an organic compound having a relative permittivity of 2 or 
more, a compound containing a substituent having a bond 
moment of 1.4 D (D=3.33564xl0-3° Cm) or more is prefer­
able. As a substituent having a bond moment of 1.4 Dor more, 
OH, CF, CCI, C=O, N=O, CN, and so on are present. The 
organic compounds containing these substituents and having 
a relative permittivity of 2 or more include polyvinylidene 
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fluoride (PVDF), glycerin, thioglycerol, and cyano group­
containing organic compounds, and so on. 
[0084] The inorganic compounds include calcium silicate, 
glass, aluminum oxide, zinc oxide, titanium oxide, selenium, 
barium titanate, bismuth silicate, lead niobate, titanium diox­
ide, urea, bakelite, Pyrex (R), vaseline, mica, copper chloride, 
copper oxide, copper sulfate, iron oxide, potassium chlorate, 
potassium chloride, sodium chloride, silver chloride, potas­
sium bromide, lithium fluoride, silicon oxide, magnesium 
oxide, calcium fluoride, zinc sulfide, Ng, NaF, NaClO3 , 

NaSO4 , and so on. 
[0085] As an inorganic compound, in addition to the above­
described compounds, complex oxides such as lead zirconate 
titanate, barium titanate, strontium titanate, calcium titanate, 
and barium strontium titanate, or perovskite-type complex 
oxides or the like in which these complex oxides are used as 
a main component and, further, a Ba site is replaced with 
magnesium, a Ti site is replaced with tin and/or zirconium can 
also be used. Furthermore, compounds obtained by adding 
one or two or more trace amount of additives to the perovs­
kite-type complex oxides can also be used. 
[0086] Trace amount of additives include tungsten, tanta­
lum, niobium, iron, copper, magnesium, bismuth, yttrium, 
molybdenum, vanadium, sodium, potassium, aluminum, 
manganese, nickel, zinc, calcium, strontium, silicon, tin, sele­
nium, neodymium, erbium, thulium, hafnium, praseody­
mium, promethium, samarium, europium, gadolinium, ter­
bium, dysprosium, lithium, scandium, barium, lanthanum, 
actinium, cerium, ruthenium, osmium, cobalt, palladium, sil­
ver, cadmium, boron, gallium, germanium, phosphorus, 
arsenic, antimony, fluorine, tellurium, lutetium, ytterbium, 
and so on. 
[0087] As trace amount of additives, in addition to the 
above-described substances, there are ionic liquids or the like 
in which imidazolium, pyridium, pyrrolidinium, phospho­
nium, animonium, sulfonium, or the like is a cation. 
[0088] It is preferable from the standpoint of the stability of 
application liquid and the photoelectric conversion property 
that the content of the compound having a relative permittiv­
ity of 2 or more in the application liquid for forming a semi­
conductor film be 0.5% by mass or more, and more preferably 
2% by mass or more. Moreover, it is preferable from the same 
standpoint that the content be 90% by mass or less, and more 
preferably 50% by mass or less. 
[0089] (Compound Having Reducing Power Against Inor­
ganic Semiconductor Particle) 
[0090] The compound having reducing power against an 
inorganic semiconductor particle is a compound that, when 
mixed with the inorganic semiconductor particle, reduces the 
surface of the particle. 
[0091] The compounds having reducing power against an 
inorganic semiconductor particle include 3-allyloxy-1,2-pro­
panediol, 1,3-bis( allyloxy)-2-propanol, 2,3-dihydroxyben­
zaldehyde, catechol, dipentaerythritol, allitol, talitol, iditol, 
glycerolethoxylate, 1,4-dithioerythritol, 1,4-disulfanyl-2,3-
butanediol, maltotriose, glycolic acid, lactic acid, polycar­
bonate dials, polyester polyols, glyceraldehyde, glycolalde­
hyde, invertose, m-erythritol, alkylene glycols, ethylene 
glycol, polyethylene glycols, propylene glycol, polypropy­
lene glycols, butanediol, pentanediol, hexanediol, polyalky­
lene glycols, diethylene glycol, triethylene glycol, tetraethyl­
ene glycol, propylene glycol, ethoxyethanol, butanediol, 
ethylene glycol monoethyl ether, diethylene glycol monoet­
hyl ether, diethylene glycol diethyl ether, octanediol, dode-
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canediol, glycerin, glyceraldehyde, 3-allyloxy-1,2-pro­
pandediol, thioglycerol, 1,5-pentanediol, 1,12-
dodecanedioic acid, pyrocatechol, 3-methoxycatechol, 1,2,3-
butanethiol, and so on; alcohols such as ethanol, methanol, 
isopropyl alcohol, and 2-ethylhexyl alcohol; and amine­
based materials such as hexylamine, heptylamine, octy­
lamine, undecylamine, tridecylamine, tetradecylamine, pen­
tadecylamine, cetylamine, dibutylamine, diamylamine, 
cyclohexylamine, aniline, naphtylamine, and toluidine. 
Among the above-described compounds, glycerin and 
thioglycerol are particularly preferable. 
[0092] It is preferable from the standpoint of the stability of 
application liquid and the photoelectric conversion property 
that the content of the compound having reducing power 
against an inorganic semiconductor particle in the application 
liquid for forming a semiconductor film be 0.5% by mass or 
more, and more preferably 2% by mass or more. Moreover, it 
is preferable from the same standpoint that the content be 
90% by mass or less, and more preferably 50% by mass or 
less. 
[0093] When the application liquid for forming a semicon­
ductor film comprises both of the compound having reducing 
power against an inorganic semiconductor particle and the 
aforementioned compound having a relative permittivity of 2 
or more, it is preferable from the standpoint of the stability of 
application liquid and the photoelectric conversion property 
that the total content of both compounds be 0.5% by mass or 
more, and more preferably 2% by mass or more. Moreover, it 
is preferable from the same standpoint that the total content of 
both compounds be 90% by mass or less, and more preferably 
50% by mass or less. In addition, in the present embodiments, 
a compound having a relative permittivity of 2 or more and 
having reducing power against an inorganic semiconductor 
particle is a particularly preferable compound. Such com­
pounds include glycerin and thioglycerol. 
[0094] (Dispersant) 
[0095] The application liquid for forming a semiconductor 
film may comprise a dispersant from the standpoint of adjust­
ing the viscosity of application liquid for forming a semicon­
ductor film. 
[0096] Examples of the dispersant include alcohols such as 
methanol, ethanol, propanol, butanol, and hexanol; glycols 
such as ethylene glycol and propylene glycol; cellosolves 
such as cellosolve, ethylcellosolve, and butylcellosolve; 
ketones such as acetone and methyl ethyl ketone; esters such 
as ethyl acetate, and butyl acetate; ethers such as dioxane and 
tetrahydrofuran; amides such as N,N-dimethyl formamide; 
hydrocarbons such as benzene, toluene, xylene, trimethyl­
benzene,hexane,heptane,octane,nonane,decane,cyclohex­
ane, decahydronaphthalene ( decalin ), and tetralin; and water. 
[0097] It is preferable from the standpoint of adjusting the 
viscosity to make the application liquid for forming a semi­
conductor film easy to handle that the content of the dispers­
ant contained in the application liquid for forming a semicon­
ductor film be 1 % by mass or more and 98.5% by mass or less. 
[0098] When the compound having a relative permittivity 
of 2 or more or the compound having reducing power against 
an inorganic semiconductor particle is liquid, the compound 
itself also functions as a dispersant. In this case, the viscosity 
can be adjusted without further adding a dispersant. 
[0099] (Surfactant) 
[0100] A surfactant may be added to the application liquid 
for forming a semiconductor film for the purpose of improv­
ing dispersion stability. It is preferable from the standpoint of 
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dispersion stability that the addition amount of the surfactant 
be 0.0001 % by mass or more and 10% by mass or less. 
[0101] The surfactant is not particularly limited, and, for 
example, an anionic surfactants, nonionic surfactants, cat­
ionic surfactants, amphoteric surfactants, and polymer sur­
factants can be used. 
[0102] Examples of the above-described surfactants 
include: 
[0103] anionic surfactants such as fatty acid salts including 
sodium lauryl sulfate, sulfuric acid ester salts of higher alco­
hols, alkyl benzene sulfonate including sodium dodecylben­
zenesulfonate, polyoxyethylene alkyl ether sulfonates, poly­
oxyethylene polycyclic phenyl ether sulfates, 
polyoxynonylphenyl ether sulfonates, polyoxyethylene­
polyoxypropylene glycol ether sulfonates, so-called reactive 
surfactants each having a sulfonic or sulfate group and a 
polymerizable unsaturated double bond in the molecule; 
[0104] nonionic surfactants such as polyoxyethylene alkyl 
ethers, polyoxyethylene alkylphenyl ethers, sorbitan fatty 
acid esters, polyoxyethylene fatty acid esters, polyoxyethyl­
ene-polyoxypropylene block copolymers, reactive nonionic 
surfactants having a polymerizable unsaturated double bond 
in the molecule of these "polyoxyethylene alkyl ethers, poly­
oxyethylene alkylphenyl ethers, sorbitan fatty acid esters, or 
polyoxyethylene fatty acid esters"; 
[0105] cationic surfactants such as alkyl amine salts, qua­
ternary ammonium salts; 
[0106] (modified) polyvinyl alcohols; and 
[0107] straight chain alkyl thiols. 
[0108] (Semiconductor film) 
[0109] The semiconductor film of the present embodiments 
is a semiconductor film comprising an inorganic semiconduc­
tor particle and a compound having a relative permittivity of 
2 or more or a compound having reducing power against the 
inorganic semiconductor particle. Semiconductor films of the 
present embodiments include a p-type semiconductor film, an 
n-type semiconductor film, and a semiconductor film having 
both properties of a p-type property and ann-type property in 
one film. 
[0110] It is preferable that the semiconductor film be 
formed from the application liquid for forming a semicon­
ductor film. 
[0111] It is preferable from the standpoint of the photoelec­
tric conversion property when the semiconductor film is used 
for making a solar cell that the content of the inorganic semi­
conductor particle in the semiconductor film be 20% by mass 
or more, and more preferably 50% by mass or more. More­
over, it is preferable from the same standpoint that the content 
be 99 .5% by mass or less, and more preferably 99% by mass 
or less. 
[0112] It is preferable from the standpoint of the photoelec­
tric conversion property that the content of the compound 
having a relative permittivity of 2 or more or the compound 
having reducing power against an inorganic semiconductor 
particle be 0.5% by mass or more, and more preferably 1 % by 
mass or more. Moreover, it is preferable from the same stand­
point that the content be 80% by mass or less, and more 
preferably 50% by mass or less. Moreover, when the semi­
conductor film comprises both of the compound having a 
relative permittivity of 2 or more and the compound having 
reducing power against an inorganic semiconductor particle, 
it is preferable that the total content of both compounds in the 
semiconductor film be 0.5% by mass or more, and more 
preferably 1 % by mass or more. Moreover, the total content of 
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both compounds be 80% by mass or less, and more preferably 
50% by mass or less. Moreover, it is preferable from the 
standpoint of the photoelectric conversion property that the 
film thickness of the semiconductor film be 0.1 µm or more, 
and more preferably 0.5 µm or more. Moreover, it is prefer­
able from the same standpoint that the film thickness be 1000 
µm or less, and more preferably 500 µm or less. The film 
thickness of the semiconductor film is measured by a cross 
section SEM or a cross section TEM observation. 

[0113] It is considered that the compound having a relative 
permittivity of 2 or more or the compound having reducing 
power against an inorganic semiconductor particle in the 
semiconductor film functions as a binder for the inorganic 
semiconductor particle. It is preferable that such a compound 
be a compound having a relative permittivity of2 or more and 
having reducing power against an inorganic semiconductor 
particle. 

[0114] With respect to the inorganic semiconductor particle 
contained in the semiconductor film, two or more of the 
p-type semiconductor particles listed above may be used 
together, two or more of then-type semiconductor particles 
listed above may be used together, or both of the p-type 
semiconductor particle and then-type semiconductor particle 
may be used together. 

[0115] The content of the compound having reducing 
power against an inorganic semiconductor particle in the 
semiconductor film here includes the content of a compound 
in a state where the compound having reducing power is 
oxidized as a result of reduction of the inorganic semiconduc­
tor particle by the compound having reducing power. 

[0116] Specifically, description is made taking glycerin as 
an example of the compounds having reducing power against 
an inorganic semiconductor particle. When glycerin shown in 
the following chemical formula (1) and a silicon particle are 
mixed and a thin film is manufactured, the surface of the 
silicon particle is reduced to partially form Si-H bonds. On 
the other hand, it is estimated that glycerin is oxidized to 
generate compounds described in the following chemical for­
mulas (2) to (13). 

[Chemical Formula 1] 

OH 

HO~OH 

[Chemical Formula 2] 

0 

HO~OH 

(1) 

(2) 

(3) 
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-continued 
(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

[0117] This can be confirmed from an IR spectrum of the 
semiconductor film. A peak attributable to stretching vibra­
tion of a C=O bond cannot be observed; however, when a 
semiconductor film is formed through a heating process, the 
peak attributable to the C=O stretching vibration can be 
observed for the application liquid for forming a semiconduc­
tor film, but the whole glycerin is not oxidized and some 
glycerin is left unoxidized. 
[0118] An oxidation rate of glycerin can be determined 
from the following formula (I). 

Oxidation rate of glycerin~aCO/( aCO+aOH) (I) 

[0119] In the formula (I), aOH denotes peak strength 
derived from an OH bond in glycerin around 3350 cm- 1

, and 
aCO denotes peak strength derived from a CO bond in a 
compound produced by oxidation of glycerin around 2350 
cm- 1 . 

[0120] It is preferable from the standpoint ofremoving an 
oxidized layer on the surface of the inorganic semiconductor 
particle that the oxidation rate of glycerin be 0.09 or more and 
less than 1. The range is also the same when the silicon 
particle is replaced with a compound semiconductor particle. 



US 2015/0200312 Al 

Moreover, the range is also the same when the silicon particle 
is replaced with a metal oxide. 
[0121] It can also be confirmed from the IR spectrum of the 
semiconductor film that the surface of the silicon particle is 
reduced to partially form Si-H bonds. A reduction rate of the 
silicon particle can be determined from the following formula 
(II). 

Reduction rate of silicon particle~i3SiH/(i3SiH+ 
i3SiOSi) (II) 

[0122] In the formula (II), ~SiH denotes peak strength 
derived from an SiH bond around 2100 cm-1, and ~SiOSi 
denotes peak strength derived from an SiOSi bond around 
1100 cm- 1

. 

[0123] It is preferable from the standpoint ofremoving an 
oxidized layer on the surface of the silicon particle that the 
reduction rate of the silicon particle be 0.01 or more and 0.5 
or less. 
[0124] Accordingly, in one embodiment, glycerin and 
oxides of glycerin are present in a semiconductor film pro­
duced using glycerin as a compound having a relative permit­
tivity of 2 or more or a compound having reducing power 
against an inorganic semiconductor particle. In this case, the 
content of glycerin in the semiconductor film is defined as the 
total content of glycerin and compounds produced by oxida­
tion of glycerin. 

[0125] In addition, the oxidation rate of the compound hav­
ing reducing power against an inorganic semiconductor par­
ticle can generally be determined by the following formula 
(III). 

Oxidation rate of a compound having reducing power 
against inorganic semiconductor particle=a'Y / 
(a'X+a'Y) (III) 

[0126] In the formula (III), a'X denotes peak strength 
derived from a functional group which reacts in oxidation 
reaction of the compound, and a'Y denotes peak strength 
derived from a functional group produced by oxidation of the 
compound. 

[0127] (Method for Producing Semiconductor Film) 

[0128] The present embodiment provides a method for pro­
ducing a semiconductor film, the method comprising a step of 
obtaining an applied film by applying the application liquid 
for forming a semiconductor film to a substrate on which an 
electrode is formed. In addition, when the application liquid 
for forming a semiconductor film comprises a dispersant, it is 
preferable that the method for producing a semiconductor 
film of the present embodiment comprise a step of obtaining 
an applied film by applying the application liquid to a sub­
strate on which an electrode is formed and a step of heating 
the applied film at 20 to 500° C. Namely, with respect to the 
semiconductor film of the present embodiments, it is prefer­
able to remove the dispersant added for the purpose of adjust­
ing viscosity from the application liquid for forming a semi­
conductor film. The dispersant here is, as described 
previously, different from the compound having a relative 
permittivity of 2 or more. 

[0129] Substrates to which the application liquid for form­
ing a semiconductor film is to be applied in order to manu­
facture the semiconductor film include every kind of sub­
strates such as: a glass substrate; a substrate of plastics such as 
PET (polyethylene terephthalate), PC (polycarbonate), PEN 
(polyethylene naphthalate ), PES (polyether sulfone ), PI 
(polyimide), PP (polypropylene), and acrylic resins; a metal 
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substrate such as an aluminum substrate and a stainless steel 
(SUS) substrate; and a paper substrate. 
[0130] As a method for applying the application liquid for 
forming a semiconductor film, methods such as a casting 
method, a spin coating method, an inkjet method, an dipping 
method, and a spraying method; and printing methods such as 
a flexographic printing, a gravure printing, and a screen print­
ing methods can be used. 
[0131] When the application liquid comprises a dispersant 
in the method for producing a semiconductor film using the 
application liquid for forming a semiconductor film, removal 
of the dispersant and fusion among inorganic semiconductor 
particles can be promoted by the step of heating the applica­
tion liquid at 20 to 500° C. It is preferable from the standpoint 
of removal of the dispersant and operating efficiency that the 
heating temperature be 40° C. or more, and more preferably 
60° C. or more. Moreover, it is preferable from the same 
standpoint that the heating temperature be 400° C. or less, and 
more preferably 250° C. or less. With respect to the heating 
step, when the boiling point of the dispersant is low, the 
heating temperature can be set to be low because the dispers­
ant can only be removed in the heating step. In this case, the 
substrate is not required to have heat resistance, and therefore 
it becomes possible to select a material for the substrate from 
a wide range of resin materials. Since general purpose resins 
such as acrylic resins, PP, PET, and PC can be used as a resin 
material, a solar cell can be produced at low cost. In addition, 
when the dispersant is not used, the heating step does not have 
to be included. 
[0132] (Semiconductor Element) 
[0133] The semiconductor element of the present embodi­
ments is an element comprising: a semiconductor layer, a 
layer comprising a semiconductor film or a semiconductor 
layer and a layer comprising a semiconductor film. The spe­
cific examples thereof are shown by a light-emitting diode, a 
semiconductor laser, a photodiode, and a solar cell. The semi­
conductor element of the present embodiments comprises a 
junction interface layer or the like as will be described later. It 
is preferable that the semiconductor element be a solar cell. 
The present embodiments will be described below taking a 
solar cell as an example. 
[0134] (Solar Cell) 
[0135] The solar cell of the present invention is a cell com­
prising: a semiconductor layer or a layer comprising a semi­
conductor film; or a semiconductor layer and a layer com­
prising a semiconductor film; an electrode; and a substrate, in 
which power is generated by light. A semiconductor that 
constitutes the solar cell may be a p-p junction type or an n-n 
junction type; however, a p-njunction type is preferable. 
[0136] The constitution of the solar cell of the present 
embodiments is described. With respect to the solar cell, a 
solar cell having a pnjunction-type semiconductor layer, the 
solar cell comprising: a p-type semiconductor layer or a layer 
comprising a p-type semiconductor film of the present 
embodiments; and an n-type semiconductor layer or a layer 
comprising an n-type semiconductor film of the present 
embodiments as constituent elements, is general. 
[0137] The layer comprising a p-type semiconductor film is 
a layer formed from the aforementioned application liquid for 
forming a semiconductor film and is preferable to comprise at 
least one of the silicon particle and the compound semicon­
ductor particle, and more preferably the silicon particle. The 
layer comprising an n-type semiconductor film is a layer 
formed from the aforementioned application liquid for form-
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ing a semiconductor film and is preferable to comprise at least 
one of the silicon particle and the metal oxide particle. The p 
type in the case where the carrier of charge transfer in the 
semiconductor is a hole. The n type is the case where the 
carrier of charge transfer in the semiconductor is a conduction 
electron. The semiconductor layer apparently has a positive 
or negative charge by the carrier of charge transfer being the 
hole or the conductive electron, respectively. 
[0138] It is preferable that the inorganic semiconductor 
particle make contact with an electrode in efficiently taking 
electrons and holes out to the electrode. Namely, it is prefer­
able that the inorganic semiconductor particle contained in 
the layer comprising the semiconductor film of the present 
embodiments making contact with the electrode make con­
tact with the electrode and thereby the electrode be covered 
with the inorganic semiconductor particle. However, the 
whole surface of the electrode does not have to be covered 
with the inorganic semiconductor particle. In addition, it is 
preferable from the standpoint of power generation efficiency 
that the inorganic semiconductor particle cover 30% or more 
of the electrode, and more preferably 50% or more. The 
extent of contact, namely, the extent of covering, can be 
observed and evaluated by, for example, an optical micro­
scope or an electron microscope. 
[0139] The thickness between electrodes of the solar cell of 
the present embodiments is determined depending on semi­
conductors to be used. A solar cell that has plasticity and is 
capable of enduring deformation to some extent is obtained 
by making the thickness between electrodes as thin as 1000 
µm or less. 
[0140] Particularly when the inorganic semiconductor par­
ticle is used, stress generated when the solar cell is bent can be 
mitigated among particles. Accordingly, it is preferable to use 
the inorganic semiconductor particle when the solar cell hav­
ing plasticity is manufactured. 
[0141] It is preferable that the solar cell of the present 
embodiments have plasticity and be a flexible solar cell. The 
flexible solar cell means a solar cell that is capable of gener­
ating power even after the following steps (a) to (d). 
[0142] (a) Place a solar cell on a horizontal stand. 
[0143] (b) Hold a half of an area of the solar cell, and bend 
the solar cell until an angle between the stand and the solar 
cell becomes 45 degrees. Thereafter, return the solar cell to its 
original state. 
[0144] ( c) Repeat the step (b) 5 times. 
[0145] (d) Confirm whether the solar cell can generate 
power or not. 
[0146] Since the flexible solar cell of the present invention 
can be wound up during production, it becomes possible to 
improve production speed and achieve cost reduction. 
[0147] Moreover, it is preferable that an electrode substrate 
of the present embodiments have plasticity and is a flexible 
electrode substrate. The electrode substrate denotes a sub­
strate comprising: an electrode; a semiconductor layer; and a 
junction interface layer, or a substrate comprising: an elec­
trode; and a layer comprising a semiconductor film. In addi­
tion, details of the junction interface layer will be described 
later. 
[0148] The flexible electrode substrate means an electrode 
substrate that is capable of generating power even after the 
following steps (a) to (e). 
[0149] (a) Place an electrode substrate on a horizontal 
stand. 
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[0150] (b) Hold a half of an area of the electrode substrate, 
and bend the electrode substrate until an angle between the 
stand and the electrode substrate becomes 45 degrees. There­
after, return the electrode substrate to its original state. 

[0151] ( c) Repeat the step (b) 5 times. 

[0152] (d) Manufacture a solar cell by sticking a semicon­
ductor layer or film to the electrode substrate. 

[0153] ( e) Confirm whether the solar cell can generate 
power or not. 

[0154] Particularly when the junction interface layer is 
made of an organic compound, occurrence of peeling or 
cracks of the inorganic semiconductor particles is suppressed 
because the semiconductor layer is covered with the junction 
interface layer. Moreover, the layer comprising a semicon­
ductor film is contained in the electrode substrate to thereby 
suppress the occurrence of peeling or cracks of the inorganic 
semiconductor particle, which is preferable. 

[0155] As specific examples of the solar cell, examples of 
the solar cell of the present embodiments are shown in FIGS. 
1 to 8 and an example of a solar cell having a general pn 
junction is shown in FIG. 9. 

[0156] As example 1, a solar cell 100 illustrated in FIG. 1 
comprises: a positive electrode layer 120; a layer 130 com­
prising the semiconductor film of the present embodiments; 
an n-type semiconductor layer 140; and a negative electrode 
layer 150 on a substrate 110. It is also possible to further 
subdivide the respective layers to provide a plurality oflayers. 
For example, an electron extraction layer (not illustrated in 
the figure) can also be provided between the layer 140 and the 
layer 150. Moreover, a hole extraction layer (not illustrated in 
the figure) can also be provided between the layer 130 and the 
layer 120. Moreover, a light-absorbing layer (not illustrated 
in the figure) can also be provided between the layer 130 and 
the layer 140 separately from the layer comprising the semi­
conductor film of the present embodiments. Moreover, the 
layer 130 and the layer 140 may become a bulk hetero struc­
ture in which both layers are mixed with each other. It is 
preferable that either the layer 120 or the layer 150 be trans­
parent. Moreover, the substrate 110 may be present on the 
side of the layer 150 or on both sides of the layer 120 and the 
layer 150. An aspect of example 1 is, namely, a solar cell 
comprising: a layer comprising the semiconductor film of the 
present embodiments; and another semiconductor layer hav­
ing an opposite charge to the semiconductor film. 

[0157] In addition, the "semiconductor layer" is different 
from the "semiconductor film (layer comprising the semicon­
ductor film)" in the present embodiments. The semiconductor 
film is, as described above, a semiconductor film comprising: 
an inorganic semiconductor particle; and a compound having 
a relative permittivity of 2 or more or a compound having 
reducing power against the inorganic semiconductor particle. 
On the other hand, the semiconductor layer is formed from a 
semiconductor such as a silicon wafer, an inorganic semicon­
ductor layer, or an organic semiconductor layer. Namely, the 
semiconductor layer means: a silicon wafer obtained by slice­
cutting a silicon ingot; a silicon wafer obtained by polishing 
the above-described silicon wafer; an inorganic semiconduc­
tor layer formed, on a substrate, from an inorganic semicon­
ductor material using a vacuum apparatus with a vapor depo­
sition method, a CVD method, a sputtering method, or the 
like; an organic semiconductor layer formed from an organic 
semiconductor material using an application method or a 
vapor deposition method; or the like. 
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[0158] Specifically, examples of the p-type semiconductor 
layers include a monocrystalline or polycrystalline silicon 
wafer; an amorphous silicon film; a compound semiconduc­
tor layer such as CIGS-based or CZTS-based compound 
semiconductor layer; a layer comprising a metal oxide par­
ticle such as copper (I) oxide or a silicon particle; a layer 
comprising a compound semiconductor particle such as 
CIGS-based or CZTS-based compound semiconductor par­
ticle; and a layer comprising a p-type organic semiconductor. 
The p-type organic semiconductors include: pentacene, pen­
tacene derivatives such as 6,13-bis(triisopropylsilylethynyl) 
pentacene, tetracene, tetracene derivatives such as 2-hexyl 
tetracene, and aromatic amine-based materials such as N,N­
diphenyl-N,N'-bis(l-naphtyl)-1, 1 '-biphenyl-4,4'-diamine 
(NPD), N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1 '-bi­
phenyl-4,4'-diamine (TPD), and 1,3,5-tris(3-methyldipheny­
lamino )benzene (m-MTDATA). Moreover, the p-type 
organic semiconductors include, in addition to the above­
described p-type organic semiconductors, phthalocyanine­
based complexes such as copper phthalocyanine (CuPc) and 
zinc phthalocyanine (ZnPc), porphyrin-based compounds, 
perylene-based derivatives, imidazole derivatives, triazole 
derivatives, pyrazoline derivatives, oxazole derivatives, oxa­
diazole derivatives, stilbene derivatives, polyaryl alkane 
derivatives, and so on. The p-type organic semiconductors 
further include derivatives of thiophene and derivatives of 
polyphenyl vinylene (PPV), and so on. Derivatives of 
thiophene specifically include P3HT (Poly(3-hexylth­
iophene-2,5-diyl)), P3OT (Poly(3-octylthiophene-2,5-diyl)), 
P3 DDT (Poly(3-dodecylthiophene-2,5-diyl)), and so on. A 
monocrystalline or polycrystalline silicon wafer is preferable 
asap-type semiconductor layer from the standpoint of carrier 
transfer and costs. 

[0159] Examples of the n-type semiconductor layer 
include: a monocrystalline or polycrystalline silicon wafer; 
an amorphous silicon film; a layer comprising a metal oxide 
such as titanium oxide and zinc oxide; a layer comprising a 
metal oxide particle such as a silicon particle, a titanium oxide 
particle and a zinc oxide particle; and a layer comprising an 
n-type organic semiconductor. Then-type organic semicon­
ductors include fluorinated acene-based compounds, 
fullerene-based compounds such as fullerene, 60PCBM ([6, 
6]-Phenyl C61 butyric acid methyl ester) and 70PCBM ([6, 
6]-Phenyl C71 butyric acid methyl ester), naphthalene deriva­
tives, anthracene derivatives, phenanthrene derivatives, 
pyrene derivatives, perylene derivatives, perylene tetracar­
boxylic acid diimide derivatives, oxadiazole derivatives, tria­
zole derivatives, triazine derivatives, quinoline derivatives. A 
monocrystalline or polycrystalline silicon wafer and a layer 
comprising a metal oxide or metal oxide particle are prefer­
able as an n-type semiconductor layer from the standpoint of 
carrier transfer and costs. 

[0160] When the p-type semiconductor layer or then-type 
semiconductor layer is a silicon wafer, it is preferable the 
thickness of the silicon wafer be 50 µm or more. Moreover, 
the thickness of the silicon wafer is preferably 1000 µm or 
less, more preferably 700 µm or less, and further more pref­
erably 300 µMor less. In the case of the amorphous silicon 
film, it is preferable that the thickness be 0.1 µm or more and 
100 µm or less. In the case of the compound semiconductor 
layer, it is preferable that the thickness be 0.5 µm or more and 
10 µm or less. In the case of a film obtained by solidifying the 
silicon particle, it is preferable that the thickness be 0.5 µm or 
more. Moreover, it is preferable that the thickness be 500 µm 
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or less, and more preferably 300 µm or less. In the case of a 
film obtained by solidifying the compound semiconductor 
particle, it is preferable that the thickness be 0.5 µm or more 
and 10 µm or less. In the case of a film comprising the organic 
semiconductor, it is preferable that the thickness be 10 nm or 
more and 10 µm or less. Moreover, in the case of adopting a 
semiconductor layer formed from a plurality of inorganic 
semiconductor particles, namely, in the case of forming a 
semiconductor layer in a film state from a plurality of inor­
ganic semiconductor particles, it is preferable from the rela­
tionship between light-absorbing capability and carrier trans­
port that the thickness be 0.01 µm or more and 300 µm or less. 
[0161] The film thickness of the semiconductor layer is 
measured by vertscan 2.0 (manufactured by Ryoka Systems 
Inc.) or cross section TEM observation. 
[0162] In addition, when then-type semiconductor layer is 
a layer comprising a metal oxide such as titanium oxide or 
zinc oxide or a metal oxide particle, it is preferable from the 
relationship between leak prevention and carrier transport 
that the thickness of the layer be 0.1 µm or more, and more 
preferably 0.2 µm or more. Moreover, it is preferable from the 
same standpoint that the thickness be 10 µm or less, and more 
preferably 5 µm or less. 
[0163] In addition, examples of the method for forming a 
semiconductor layer in a film state from a plurality of inor­
ganic semiconductor particles include: a method in which a 
plurality of materials are subjected to co-vapor deposition and 
are deposited on a substrate with an electrode; and a method 
in which a coating liquid comprising a plurality of materials 
are prepared and then a semiconductor layer is manufactured 
by various kinds of printing methods using the coating liquid. 
[0164] As example 2, a solar cell 200 illustrated in FIG. 2 
comprises: a positive electrode layer 220; a p-type semicon­
ductor layer 230; a layer 240 comprising the semiconductor 
film of the present embodiments; and a negative electrode 
layer 250 on a substrate 210. It is also possible to further 
subdivide the respective layers to provide a plurality oflayers. 
For example, a hole extraction layer (not illustrated in the 
figure) can also be provided between the layer 230 and the 
layer 220. Moreover, an electron extraction layer (not illus­
trated in the figure) can also be provided between the layer 
240 and the layer 250. Moreover, a light-absorbing layer (not 
illustrated in the figure) can also be provided between the 
layer 230 and the layer 240 separately from the layer com­
prising the semiconductor film of the present embodiments. 
Moreover, the layer 230 and the layer 240 may become a bulk 
hetero structure in which both layers are mixed with each 
other. It is preferable that either the layer 220 or the layer 250 
be transparent. Moreover, the substrate 210 may be present on 
the side of the layer 250 or on both sides of the layer 220 and 
the layer 250. 
[0165] As example 3, a solar cell 300 illustrated in FIG. 3 
comprises: a positive electrode layer 320; a layer 330 com­
prising the p-type semiconductor film of the present embodi­
ments; a layer 340 comprising then-type semiconductor film 
of the present embodiments; and a negative electrode layer 
350 on a substrate 310. It is also possible to further subdivide 
the respective layers to provide a plurality of layers. For 
example, a hole extraction layer (not illustrated in the figure) 
can also be provided between the layer 330 and the layer 320. 
Moreover, an electron extraction layer (not illustrated in the 
figure) can also be provided between the layer 340 and the 
layer 350. Moreover, a light-absorbing layer (not illustrated 
in the figure) can also be provided between the layer 330 and 
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the layer 340 separately from the layer comprising the semi­
conductor film of the present embodiments. Moreover, the 
layer 330 and the layer 340 may become a bulk hetero struc­
ture in which both layers are mixed with each other. It is 
preferable that either the layer 320 or the layer 350 be trans­
parent. Moreover, the substrate 310 may be present on the 
side of the layer 350 or on both sides of the layer 320 and the 
layer 350. An aspect of example 3 is, namely, a solar cell 
comprising: a layer comprising the semiconductor film of the 
present embodiments; and another semiconductor film hav­
ing an opposite charge to a charge of the semiconductor film. 

[0166] As example 4, a solar cell 400 illustrated in FIG. 4 
comprises: a positive electrode layer 420; a layer 430 com­
prising the p-type semiconductor film of the present embodi­
ments; a junction interface layer 440 comprising a compound 
having a relative permittivity of 2 or more; a layer 450 com­
prising then-type semiconductor film of the present embodi­
ments; and a negative electrode layer 460 on a substrate 410. 
It is also possible to further subdivide the respective layers to 
provide a plurality of layers. For example, a hole extraction 
layer (not illustrated in the figure) can also be provided 
between the layer 430 and the layer 420. Moreover, an elec­
tron extraction layer (not illustrated in the figure) can also be 
provided between the layer 450 and the layer 460. It is pref­
erable that either the layer 420 or the layer 460 be transparent. 
Moreover, the substrate 410 may be present on the side of the 
layer 460 or on both sides of the layer 420 and the layer 460. 
An aspect of example 4 is, namely, a solar cell comprising: a 
layer comprising the semiconductor film of the present 
embodiments; a layer comprising another semiconductor 
film having an opposite charge to a charge of the semicon­
ductor film; and a junction interface layer comprising a com­
pound having a relative permittivity of2 or more between the 
layer comprising the semiconductor film of the present 
embodiments and the layer comprising the another semicon­
ductor film. 

[0167] As example 5, a solar cell 500 illustrated in FIG. 5 
comprises: a positive electrode layer 520; a layer 530 com­
prising the semiconductor film of the present embodiments, 
the layer comprising a p-type semiconductor particle 531, an 
n-type semiconductor particle 532, and a compound having a 
relative permittivity of 2 or more; and a negative electrode 
layer 540 on a substrate 510. In addition, the substrate 510 
may be present on the side of the layer 540 or on both sides of 
the layer 520 and the layer 540. It is preferable that either the 
layer 520 or the layer 540 be transparent. Moreover, an elec­
tron extraction layer (not illustrated in the figure) can also be 
provided between the layer 530 and the layer 540. A hole 
extraction layer (not illustrated in the figure) can also be 
provided between the layer 530 and the layer 520. It is pref­
erable from the standpoint of light absorbing capability and 
carrier transport that the average particle size of the p-type 
semiconductor particles and the n-type semiconductor par­
ticles be 5 nm or more, and more preferably 10 nm or more. 
Moreover, it is preferable from the same standpoint that the 
average particle size be 200 µm or less, and more preferably 
100 µm or less. Moreover, it is preferable for the purpose of 
exhibiting a high photoelectric conversion efficiency that the 
thickness of the layer 530 be 100 nm or more, and more 
preferably 500 nm or more. Moreover, it is preferable from 
the same standpoint that the thickness be 1000 µm or less, and 
more preferably 500 µm or less. The layer 530 is an example 
in which the p-type semiconductor particle and the n-type 
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semiconductor particle are contained in the same layer and 
make contact with each other to thereby realize PIN junction 
in one layer. 
[0168] As example 6, a solar cell 600 illustrated in FIG. 6 
comprises: a positive electrode layer 620; a p-type semicon­
ductor layer 630; a junction interface layer 640 comprising a 
compound having a relative permittivity of 2 or more; an 
n-type semiconductor layer 650; and a negative electrode 
layer 660 on a substrate 610. In addition, the substrate 610 
may be present on the side of the layer 660 or on both sides of 
the layer 620 and the layer 660. It is preferable that either the 
layer 620 or the layer 660 be transparent. Moreover, an elec­
tron extraction layer (not illustrated in the figure) can also be 
provided between the layer 650 and the layer 660. A hole 
extraction layer (not illustrated in the figure) can also be 
provided between the layer 630 and the layer 620. 
[0169] In addition, an aspect of example 6 is a solar cell 
comprising: a first semiconductor layer; a second semicon­
ductor layer; and a junction interface layer comprising a 
compound having a relative permittivity of2 or more between 
the first semiconductor layer and the second semiconductor 
layer. As described above, a solar cell in which the first 
semiconductor layer is a p-type semiconductor layer and the 
second semiconductor layer is an n-type semiconductor layer 
is made possible. In addition, it is preferable that at least one 
of the semiconductor layers be a titanium oxide layer, a sili­
con wafer, or a compound semiconductor layer. 
[0170] As example 7, a solar cell 700 illustrated in FIG. 7 
comprises: a positive electrode layer 720; a layer 730 com­
prising the semiconductor film of the present embodiments; a 
junction interface layer 7 40 comprising a compound having a 
relative permittivity of 2 or more; an n-type semiconductor 
layer 750; and a negative electrode layer 760 on a substrate 
710. In addition, the substrate 710 may be present on the side 
of the layer 760 or on both sides of the layer720 and the layer 
760. It is preferable that either the layer 720 or the layer 760 
be transparent. Moreover, an electron extraction layer (not 
illustrated in the figure) can also be provided between the 
layer 750 and the layer 760. A hole extraction layer (not 
illustrated in the figure) can also be provided between the 
layer 730 and the layer 720. It is preferable that the layer 703 
be a layer comprising a p-type semiconductor film. 
[0171] As example 8, a solar cell 800 illustrated in FIG. 8 
comprises: a positive electrode layer 820; a p-type semicon­
ductor layer 830; a junction interface layer 840 comprising a 
compound having a relative permittivity of 2 or more; a layer 
850 comprising the semiconductor film of the present 
embodiments; and a negative electrode layer 860 on a sub­
strate 810. In addition, the substrate 810 may be present on the 
side of the layer 860 or on both sides of the layer 820 and the 
layer 860. It is preferable that either the layer 820 or the layer 
860 be transparent. Moreover, an electron extraction layer 
(not illustrated in the figure) can also be provided between the 
layer 850 and the layer 860. A hole extraction layer (not 
illustrated in the figure) can also be provided between the 
layer 830 and the layer 820. It is preferable that the layer 850 
be a layer comprising an n-type semiconductor film. 
[0172] In addition, the aspects of examples 7 and 8 are a 
solar cell comprising: a layer comprising the semiconductor 
film of the present embodiments; a semiconductor layer; and 
a junction interface layer comprising a compound having a 
relative permittivity of 2 or more between the layer compris­
ing a semiconductor film and the semiconductor layer. As 
described above, a solar cell in which the layer comprising a 
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semiconductor film is a layer comprising a p-type semicon­
ductor film and the semiconductor layer is an n-type semi­
conductor layer, or the layer comprising a semiconductor film 
is a layer comprising an n-type semiconductor film and the 
semiconductor layer is a p-type semiconductor layer is made 
possible. 
[0173] As example 9, a solar cell 900 illustrated in FIG. 9 is 
an example of a general pnjunction solar cell. The solar cell 
comprises: a positive electrode layer 920; a p-type semicon­
ductor layer 930; an n-type semiconductor layer 940; and a 
negative electrode layer 950 on a substrate 910. In addition, 
the substrate 910 may be present on the side of the layer 950 
or on both sides of the layer 920 and the layer 950. It is 
preferable that either the layer 920 or the layer 950 be trans­
parent. 
[0174] The constitution of the solar cell of the present 
embodiments may have a tandem structure in which two or 
more of the structures illustrated in the above-described 
FIGS. 1 to 8 and FIG. 9 are stacked in series. 
[0175] As the above-described substrate, every kind of sub­
strates that are usually used, such as: a glass substrate; a 
substrate of plastics such as PET (polyethylene terephtha­
late ), PC (polycarbonate), and PP (polypropylene); an alumi­
num substrate; a stainless steel (SUS) substrate; and a paper 
substrate can be used. 
[ 017 6] As a negative electrode ( or, negative electrode 
layer), metals or metal oxides that are usually used, such as 
aluminum, SUS, gold, silver, ITO (indium tin oxide), FTO 
(fluorine-doped tin oxide), IZO (indium zinc oxide), zinc 
oxide, and aluminum-doped zinc oxide can be used. More­
over, conductive polymers, graphenes, and so on can also be 
used. 
[0177] As a positive electrode ( or, positive electrode layer), 
metals or metal oxides that are usually used, such as alumi­
num, SUS, gold, silver, ITO (indium tin oxide), FTO (fluo­
rine-doped tin oxide), IZO (indium zinc oxide), zinc oxide, 
and aluminum-doped zinc oxide can be used. Moreover, con­
ductive polymers, graphenes, and so on can also be used. 
[0178] In addition, the thicknesses of the substrate, the 
negative electrode, and the positive electrode are not particu­
larly limited; however, the thicknesses can be set to about 0.1 
mmto l00mm,about0.01 µmto l000µm,andabout0.01 µm 
to about 1000 µm, respectively. 
[0179] (Junction Interface Layer) 
[0180] A solar cell excellent in power generation efficiency 
can easily be manufactured by providing a junction interface 
layer comprising a compound having a relative permittivity of 
2 or more at a junction interface of the semiconductor layer. 
Particularly, it is preferable to provide a junction interface 
layer comprising a compound having a relative permittivity of 
2 or more at a junction interface of the p-type semiconductor 
layer and then-type semiconductor layer, a junction interface 
of the p-type semiconductor film and then-type semiconduc­
tor layer, a junction interface of the p-type semiconductor 
layer and then-type semiconductor film, and a junction inter­
face of the p-type semiconductor film and then-type semi­
conductor film. 
[0181] The compounds having a relative permittivity of2 or 
more include the aforementioned compounds. Furthermore, 
it is preferable from the standpoint of plasticity, film produc­
tion properties, or the like that the junction interface layer 
comprise an organic compound. It is preferable that the 
organic compound have OH, CF, CCI, C=O, N=O, CN, or 
the like as a substituent group. It is preferable that the specific 
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organic compound be polyvinylidene fluoride (PVDF), glyc­
erin, thioglycerol, or a cyano group-containing organic com­
pound. The cyano group-containing organic compound 
means a compound in which one or more cyano groups are 
contained. It is more preferable that the cyano group-contain­
ing organic compound be a cyanoethyl group-containing 
organic compound. Specific examples of the cyano group­
containing compound include cyanoethyl pullulan, cyanoet­
hyl polyvinyl alcohols, cyanoethyl saccharose (cyanoethyl 
sucrose), cyanoethyl cellulose, cyanoethyl hydroxyethyl cel­
lulose, cyanoethyl starch, cyanoethyl hydroxypropyl starch, 
cyanoethyl glycidol pullulan, cyanoethyl sorbitol. 
[0182] A preferable range of the relative permittivity of the 
junction interface layer is 2 or more, more preferably 5 or 
more, and further more preferably 10 or more from the stand­
point of photoelectric conversion efficiency. Moreover, it is 
preferable from the same standpoint that the relative permit­
tivity be 5000 or less, more preferably 1500 or less, and 
further more preferably 200 or less. 
[0183] It is preferable from the standpoint of photoelectric 
conversion efficiency that the content of the compound hav­
ing a relative permittivity of 2 or more in the junction inter­
face layer be 50% by mass or more, more preferably 80% by 
mass or more, further more preferably 90% by mass or more, 
and extremely preferably 95% by mass or more. On the other 
hand, it is preferable from the standpoint of improving solar 
cell properties that the upper limit of the content be 100% by 
mass, namely, it is preferable that the junction interface layer 
consist of the compound having a relative permittivity of 2 or 
more. It is preferable from the standpoint of performance of 
the solar cell that the junction interface layer be filled without 
containing air. The junction interface layer may comprise a 
general versatile resin as a binder component, further, a sur­
factant, a dispersant, and so on within a range without impair­
ing the properties. 
[0184] The junction interface layer does not have to be 
introduced over the whole face of the junction interface of the 
p-type semiconductor layer and the n-type semiconductor 
layer. It is preferable from the standpoint of power generation 
efficiency that the junction interface layer cover 30% or more 
of the whole junction interface, more preferably 50% or more, 
and further more preferably 100%. 
[0185] In addition, it is preferable from the standpoint of 
power generation efficiency and carrier transfer that the aver­
age thickness of the junction interface layer be 1 nm or more, 
more preferably 20 nm or more, further more preferably 30 
nm or more, and extremely preferably 50 nm or more. More­
over, it is preferable from the same standpoint that the average 
thickness be 500 µm or less, more preferably 100 µm or less, 
further more preferably 50 µm or less, extremely preferably 
10 or less, and most preferably 5 µm or less. The present 
junction interface layer has a characteristic of having a high 
photoelectric conversion property even when the present 
junction interface layer has a thickness of30 nm or more that 
makes a current due to tunneling effect hard to flow. The film 
thickness of the junction interface layer is measured by 
vertscan 2.0 (manufactured by Ryoka Systems Inc.) or cross 
section TEM observation. 
[0186] In addition, it is preferable from the standpoint of 
allowing the semiconductor layer to absorb light that the 
junction interface layer be transparent to some extent. It is 
preferable that the transmittance of the junction interface 
layer for light having a wavelength of 550 nm be 35% or 
more, more preferably 50% or more, and further more pref-
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erably 70% or more. The transmittance can be measured by a 
spectrophotometer. The upper limit of the transmittance is not 
particularly limited but is 100% or less. The transmittance can 
be measured using a spectrophotometer. As a measurement 
substrate, quartz glass or a resin substrate can be used. 
[0187] It is preferable that the resistivity of the junction 
interface layer be high. It is inferred that a high resistivity can 
contribute to prevention of a leak current. In addition, it is 
preferable from such standpoint that the resistivity be 10 Qcm 
or more, more preferably 100 Qcm or more, further more 
preferably 1000 Qcm, extremely preferably 10000 Qcm or 
more, and most preferably 1000000 Qcm or more. The upper 
limit of the resistivity is not particularly limited; however, it is 
preferable that the upper limit of the resistivity be lxl019 

Qcm or less. 
[0188] The resistivity in the present embodiments is a mea­
sure of tendency to conduct electricity and means resistivity 
per unit volume. The value is a value inherent to a substance 
and is determined by supplying a constant current I to a 
cross-sectional area W of a substance and measuring a poten­
tial difference V between electrodes arranged with a distance 
L. 

Resistivitr(V/J)x(W/L) 

[0189] It is effective to manufacture the junction interface 
layer using a printing method because cost reduction is made 
possible. In this case, it is preferable that the substrate be the 
aforementioned flexible electrode substrate having plasticity. 
Thereby, since the electrode substrate comprising a junction 
interface layer can be wound up into a rolled shape, the 
production speed can be improved. 
[0190] (Method for Producing Solar Cell) 
[0191] The method for producing a solar cell of the present 
embodiment, for example, comprises: a step of obtaining a 
substrate with a semiconductor film by applying, on a sub­
strate comprising an electrode, an application liquid for form­
ing a semiconductor film to form a semiconductor film; a step 
of obtaining a substrate with a semiconductor layer by form­
ing a semiconductor layer on a substrate with an electrode; 
and a step of sticking these substrates so that the semiconduc­
tor film and the semiconductor layer face each other. In this 
case, a substrate with another semiconductor film may be 
used in place of the substrate with a semiconductor layer. In 
addition, the production method of the present embodiment 
may also comprise a step of further providing a layer com­
prising a compound having a relative permittivity of2 or more 
on the semiconductor film or the semiconductor layer. 
[0192] Method for Producing Solar Cell Having Junction 
Interface Layer) 
[0193] An example of the method for producing a solar cell 
having a junction interface layer is shown. The production 
method of the present embodiment comprises: a step of 
obtaining a laminate having a p-type semiconductor layer or 
an n-type semiconductor layer, and a layer comprising a 
compound having a relative permittivity of 2 or more on an 
electrode in this order; and a step of sticking another p-type 
semiconductor layer or another n-type semiconductor layer to 
the layer comprising a compound having a relative permittiv­
ity of 2 or more in the laminate. Specifically, a solar cell can 
be obtained, for example, through: step 1 of forming a p-type 
semiconductor layer on an electrode and thereafter applying 
an application liquid comprising a compound having a rela­
tive permittivity of 2 or more (forming a layer comprising a 
compound having a relative permittivity of 2 or more); step 2 
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of forming an n-type semiconductor layer on an electrode; 
and step 3 of sticking laminated bodies obtained by step 1 and 
step 2. In this production method, the p-type semiconductor 
layer and then-type semiconductor layer may be exchanged. 
Moreover, it is preferable that one of the electrodes be trans­
parent. In this example, the application liquid is applied in 
only step 1; however, the application liquid may be applied to 
then-type semiconductor layer in step 2 and may be applied 
in both of step 1 and step 2. Namely, the application liquid 
may be applied to any of the p-type semiconductor layer and 
then-type semiconductor layer and to both layers. Moreover, 
a step of drying the application liquid may be added after step 
1 and step 2. The reason for this is because the layer compris­
ing a compound having a relative permittivity of 2 or more 
may also be a layer obtained by removing a volatile compo­
nent from the application liquid comprising a compound hav­
ing a relative permittivity of 2 or more. 
[0194] In addition, in the present embodiment, a solar cell 
may be manufactured by applying the application liquid com­
prising a compound having a relative permittivity of2 or more 
on the p-type semiconductor layer, thereafter forming the 
n-type semiconductor layer thereon, and further forming an 
electrode thereon. Also in this case, the p-type semiconductor 
layer and then-type semiconductor layer may be exchanged. 
Moreover, a step of conducting drying may be added after the 
application liquid is applied or the n-type semiconductor 
layer is formed. 
[0195] The solar cell of the present embodiments can also 
be manufactured by a method comprising a step of obtaining 
a laminate by forming a layer comprising a compound having 
a relative permittivity of2 or more on the p-type semiconduc­
tor layer or then-type semiconductor layer. This method can 
comprise: the step and, furthermore, a step of obtaining 
another laminate by providing another p-type semiconductor 
layer or another n-type semiconductor layer on a transparent 
electrode and a step of sticking the laminate and the other 
laminate with the layer comprising a compound having a 
relative permittivity of 2 or more and the other p-type semi­
conductor layer or the other n-type semiconductor layer fac­
ing each other. 
[0196] The suitable embodiments of the present invention 
have been described above; however, the present invention is 
not limited to these embodiments at all. 

EXAMPLES 

[0197] Hereinafter, the present invention will be described 
in more detail by specific Examples. 

Evaluation Methods 

[0198] Hereinafter, evaluation was conducted under condi­
tions of 25° C. and a humidity of 45% unless otherwise 
specifically noted. 

(1) Average Particle Size 

[0199] With regard to the silicon particle, 100 particles 
were selected at random under a microscope, and the arith­
metic mean value of the particle sizes each evaluated by an 
equivalent circle diameter using image analysis was defined 
as the average particle size. A digital microscope manufac­
tured by Keyence Corporation was used as a microscope. 
[0200] With regard to particles other than the silicon par­
ticles, a solution in which the particles were dispersed was 
prepared, and the average particle size was measured using a 
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dynamic light scattering method. Measurement was con­
ducted using a measuring apparatus "ELSZ-2" manufactured 
by Otsuka Electronics Co., Ltd. 

(2) Evaluation ofl-V Property 

[0201] A photovoltaic property was measured using a DC 
voltage and current supply (6241A manufactured by 
ADCMT) controlled by a computer (Solar cell IV measure­
ment software manufactured by Systemhouse Sunrise Corp.) 
and a simplified solar simulator (XES-40S 1 manufactured by 
San-Ei Electric Co., Ltd.) to conduct evaluation of an I-V 
property. A BS-500 Si photodiode detector (for crystal Si 
solar cell, manufactured by Bunkoukeiki Co., Ltd., secondary 
standard solar cell) was used for examination of quantity of 
light (AM 1.50, 100 m W/cm2). 
[0202] Measurement was conducted in a state where a solar 
cell was fixed. A specific preparation method of a measure­
ment sample is described using FIG. 13. First of all, a solar 
cell 4 is placed on a metal jig 5 coated with an insulating 
treatment material. Silicon rubber 3 having a thickness of 2 
mm, a quartz plate 2 having a thickness of3 mm, and a metal 
jig 1 (a light transmission hole for transmitting light 10 is 
provided in the center thereof) coated with the insulating 
treatment material were stacked on the solar cell in this order, 
and each of the four comers of the metal jig 1 are fixed 
together with each of the four comers of the metal jig 5 with 
a screw 9. 
[0203] In the present evaluation, the I-V property, and the 
Imax and the Vmax were determined. In addition, the Imax 
means a current when the output of the solar cell becomes 
maximum, and the Vmax is a voltage when the output of the 
solar cell becomes maximum. 
[0204] And the short-circuit current density, the open-cir­
cuit voltage, the FF, and the photoelectric conversion effi­
ciency were calculated out from a graph of the I-V property. 
In addition, the short-circuit current density (Ise) is current 
density when a voltage is 0, and the open-circuit voltage (Voe) 
is a voltage when a current is 0. 
[0205] The FF can be determined from the following for­
mula. 

FF~(Vmax-Imax)/(Voc-Isc) 

[0206] The photoelectric conversion efficiency ri can be 
determined from the following formula. 

17~( output of solar cell)/l00xl00 

Output of solar cell~short-circuit current densityx 
open-circuit voltagexFF= Vmax·Imax 

(3) Relative Permittivity 

[0207] The relative permittivity means a value measured by 
an impedance method setting a measurement frequency to 1 
kHz and a measurement temperature to 23° C. Specifically, 
the relative permittivity can be determined from the following 
formula using an LCR meter ( 4284A PRECISION LCR 
MEIER manufactured by Agilent Technologies). 

Dielectric constant ofsarnple~(distance between elec­
trodesxelectrostatic capacity)/(area of electrodex 
dielectric constant of vacuum) 

[0208] (where, the dielectric constant of vacuum is 8.854x 
10-12 (F/m).) 
[0209] When the sample is liquid, the dielectric constant is 
measured by inserting an electrode into the liquid using a jig 
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for measuring liquid (16452A LIQUID TEST FIXTURE 
manufactured by Agilent Technologies). 
[0210] When the sample is solid, the dielectric constant is 
measured by manufacturing a film on a plate of one electrode 
using a jig for measuring a film (164518 DIELECTRIC 
TEST FIXTURE manufactured by Agilent Technologies) 
and holding the film by the other electrode so that the film is 
held between the electrode and the other electrode. 

(4) Transmittance 

[0211] Evaluation of transmittance for light having a wave­
length of 550 nm was conducted using UV-2500PC (manu­
factured by Shimadzu Corporation). The transmittance of a 
sample was determined by the following formula. 

Transmittance of sample (%)~A!Bx100 

[0212] A=(transmittance of a laminate comprising a sub­
strate/electrode/semiconductor layer or a layer comprising 
semiconductor film/sample) 
[0213] B=(transmittance of a laminate comprising a sub­
strate/electrode/semiconductor layer or a layer comprising 
semiconductor film) 

(5) Resistivity 

[0214] The resistivity is a measure of tendency to conduct 
electricity and means resistivity per unit volume. The value is 
a value inherent to a substance and is determined by supply­
ing a constant current I to a cross-sectional area W of a 
substance and measuring a potential difference V between 
electrodes arranged with a distance L. 

Resistivitr(V/J)x(W/L) 

[0215] The resistivity was measured using Loresta (Mit­
subishi Chemical Analytech Co., Ltd.). 

( 6) Evaluation of Flexibility 

i) Electrode Substrate 

[0216] (a) Place an electrode substrate on a horizontal 
stand. 

[0217] (b) Hold a half of an area of the electrode substrate, 
and bend the electrode substrate until an angle between the 
stand and the electrode substrate becomes 45 degrees. There­
after, return the electrode substrate to its original state. 

[0218] ( c) Repeat the step (b) 5 times. 
[0219] (d) Manufacture a solar cell by sticking a semicon­
ductor layer or a semiconductor film to the electrode sub­
strate. 

[0220] ( e) Confirm whether the solar cell can generate 
power or not by the evaluation of the property. When the 
power generation is confirmed, evaluate the flexibility as 
"sufficient". 

ii) Solar Cell 

[0221] (a) Place a solar cell on a horizontal stand. 

[0222] (b) Hold a half of an area of the solar cell, and bend 
the solar cell until an angle between the stand and the solar 
cell becomes 45 degrees. Thereafter, return the solar cell to its 
original state. 

[0223] ( c) Repeat the step (b) 5 times. 
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[0224] (d) Confirm whether the solar cell can generate 
power or not by the evaluation of the I-V property. When the 
power generation is confirmed, evaluate the flexibility as 
"sufficient". 

(7) Film Thickness 

[0225] The film thickness of the semiconductor layer and 
the junction interface layer was measured by vertscan 2.0 
(manufactured by Ryoka Systems Inc.). The semiconductor 
layer or the junction interface layer for measurement was 
manufactured by coating the substrate on the same conditions 
as in the element production. Film thicknesses at arbitrary 5 
points were measured for these layers, the average was cal­
culated, and the average was defined as the average film 
thickness. 
[0226] The film thickness of the semiconductor film was 
measured by a cross section SEM using a desktop scanning 
microscope Carry Scope JCM 5100 (manufactured by JEOL 
Ltd.). With respect to the semiconductor film, the cross sec­
tion of the semiconductor element was measured. Cross sec­
tion SEM measurement was conducted at 2 positions, and the 
film thicknesses were measured at 5 points with equal inter­
vals for each position. The film thicknesses of a total of 10 
points were measured, and the average was defined as the 
average film thickness. 
[0227] The film thicknesses of the semiconductor layer, the 
junction interface layer, and the semiconductor film after 
manufacturing a solar cell were measured by cross section 
TEM observation. The measurement was conducted after 
cutting the cross section of the solar cell by an FIB method. 
[0228] In the FIB method, Ga ions accelerated at 30 to 40 
kV were focused to 0.01 to 0.1 µm, and sputtering was con­
ducted while scanning the cross section of the solar cell. A 
carbon film or a tungsten film was vapor-deposited as a pro­
tection film of the outermost surface of the sputtering. More­
over, cross section TEM observation was conducted at 2 
positions, and the film thicknesses were measured at 5 points 
with equal intervals for each position. The average value of 
the film thicknesses of a total of 10 points was calculated, and 
the average was defined as the average film thickness. It was 
confirmed that the average film thickness obtained by the 
cross section TEM observation had almost the same value as 
the results of the above-described film thickness measure­
ment. 

Example 1 

(1) Preparation of Silicon Particle-Containing 
Application Liquid for Forming Semiconductor Film 

[0229] A p-type silicon crystal wafer having a resistivity of 
1 Qcm was pulverized under the presence of methanol by a 
ball mill method. A large excess of methanol was added after 
pulverization, and silicon particles having a particle size of3 7 
µm or more were classified by filtering with a nylon mesh 
having a sieve opening of37 µm and a nylon mesh having a 
sieve opening of 100 µm. Further, by repeating methanol 
washing, silicon particles having particle sizes of 3 7 to 100 
µm were obtained. The average particle size of the obtained 
silicon particles was 55 µm. 
[0230] The silicon particles were weighed after vacuum 
drying, and a glycerin/ethanol mixed solvent (mass ratio 1/4) 
of 3 times the mass of the silicon particle was added and 
shaken to prepare an application liquid for forming a semi-
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conductor film in which the silicon particles were dispersed in 
the glycerin/ethanol mixed solvent. With respect to the com­
position of the application liquid for forming a semiconductor 
film, the silicon particle was 25% by mass, glycerin was 15% 
by mass, and ethanol was 60% by mass. 

(2) Film Production 

[0231] The application liquid for forming a semiconductor 
film was drop-cast on a glass substrate with a fluorine-doped 
tin oxide (FTO) transparent electrode and heated at 120° C. 
on a hot plate to thereby remove ethanol. After removing 
ethanol, heating was further conducted at 150° C. for 3 min­
utes to manufacture a substrate with a semiconductor film. 
With respect to the composition of the semiconductor film, 
the silicon particle was 95% by mass, the total amount of 
glycerin and compounds generated by oxidation of glycerin 
was 5% by mass. The relative permittivity of glycerin was 48. 
The film thickness of the semiconductor film was 250 µm. 

Example 2 

(1) Preparation of CIGS Particle-Containing 
Application Liquid for Forming Semiconductor Film 

[0232] CIGS particle powder (manufactured by Kojundo 
Chemical Lab. Co., Ltd., composition: Cu(I11a_8Ga0 _2 )S2 ) was 
added to a 1-thioglycerollethanol mixed solvent (mass ratio 
1/4) to prepare a 5% by mass solution. Zirconia balls were 
added to the solution, ultrasonic treatment was conducted, 
and thereafter the solution was stirred and shaken for 10 
hours. After stirring and shaking the solution, the zirconia 
balls were taken out. The particle sizes of the CIGS particles 
were 0.5 to 2.0 µm, and the average particle size of the CIGS 
particles was 0.8 µm. With respect to the composition of the 
application liquid for forming a semiconductor film, the 
CIGS particle was 5% by mass, 1-thioglycerol was 19% by 
mass, and ethanol was 76% by mass. 

(2) Film Production 

[0233] A substrate with a semiconductor film was manu­
factured under the same conditions as in Example 1. With 
respect to the composition of the semiconductor film, the 
CIGS particle was 90% by mass, and the total amount of 
1-thioglycerol and compounds generated by oxidation of 
1-thioglycerol was 10% by mass. The film thickness of the 
semiconductor film was 20 µm. The relative permittivity of 
1-thioglycerol was 132. 

Example 3 

(1) Preparation of CIGS Particle-Containing 
Application Liquid for Forming Semiconductor Film 

[0234] An application liquid was prepared under the same 
conditions as in Example 2 except that the 1-thioglycerolle­
thanol mixed solvent (mass ratio 1/4) was changed to a glyc­
erin/ ethanol mixed solvent ( mass ratio 1 / 4 ). The particle sizes 
of the CIGS particles were 0.5 to 2.0 µm, and the average 
particle size of the CIGS particles was 0.8 µm. With respect to 
the composition of the application liquid for forming a semi­
conductor film, the CIGS particle was 5% by mass, glycerin 
was 19% by mass, and ethanol was 76% by mass. 
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(2) Film Production 

[0235] A substrate with a semiconductor film was manu­
factured under the same conditions as in Example 1. With 
respect to the composition of the semiconductor film, the 
CIGS particle was 90% by mass, and the total amount of 
glycerin and compounds generated by oxidation of glycerin 
was 10% by mass. The film thickness of the semiconductor 
film was 20 µm. 

Comparative Example 1 

(1) Preparation of Silicon Particle-Containing 
Application Liquid for Forming Semiconductor Film 

[0236] Silicon particles were obtained under the same con­
ditions as in Example 1 except that methanol was changed to 
toluene. The average particle size of the obtained silicon 
particles was 55 µm. The silicon particles were weighed after 
vacuum drying, and toluene of3 times the mass of the silicon 
particle was added and shaken to prepare an application liquid 
for forming a semiconductor film in which the silicon par­
ticles were dispersed in toluene. With respect to the compo­
sition of the application liquid for forming a semiconductor 
film, the silicon particle was 25% by mass, and toluene was 
75% by mass. 

(2) Film Production 

[0237] A substrate with a semiconductor layer was manu­
factured under the same conditions as in Example 1. With 
respect to the composition of the semiconductor layer, the 
silicon particle was 100%. The film thickness of the semicon­
ductor layer was 250 µm. 

Comparative Example 2 

(1) Preparation of CIGS Particle-Containing 
Application Liquid for Forming Semiconductor Film 

[0238] CIGS particles were obtained under the same con­
ditions as in Example 2 except that the 1-thioglycerol/ethanol 
mixed solvent (mass Ratio 1/4) was changed to ethanol. The 
particle size of the CIGS particles was 0.5 to 2.0 and the 
average particle size of the CIGS particles was 0.8 µm. With 
respect to the composition of the application liquid for form­
ing a semiconductor film, the CIGS particle was 5% by mass, 
and ethanol was 95% by mass. 

(2) Film Production 

[0239] A substrate with a semiconductor layer was manu­
factured under the same conditions as in Example 1. With 
respect to the composition of the semiconductor layer, the 

Example 1 

Example 2 

Example 3 

Comparative 

Example 1 
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CIGS particle was 100% by mass. The film thickness of the 
semiconductor layer was 20 µm. 
[0240] [Evaluation of Solar Cell Property 1] 
[0241] Solar cells were manufactured using: the substrates 
with a p-type semiconductor film, the substrates obtained in 
Examples and Comparative Examples described above; an 
n-type semiconductor layer comprising titanium oxide; and a 
substrate comprising IZO as a transparent electrode. The 
n-type semiconductor layer was manufactured on the trans­
parent electrode by a spin coating method using a water/2-
butoxy ethanol mixed solvent comprising titanium oxide par­
ticles (anatase type, solid content 5% by mass) having an 
average particle size of20 nm. In addition, the thickness of the 
n-type semiconductor film obtained as a result of drying at 
120° C. for 60 minutes after spin coating was 500 nm. The 
substrate with a p-type semiconductor film and the substrate 
with an n-type semiconductor film were stuck to make a solar 
cell. 
[0242] As a structure of a solar cell, Examples 1 to 3 each 
have a structure similar to the structure illustrated in FIG. 1. 
Comparative Examples 1 and 2 each have a structure almost 
similar to the structure illustrated in FIG. 9. 
[0243] As evaluation of the I-V property of the solar cells, 
measurement was conducted adjusting the quantity oflight so 
as to irradiate the solar cell with light having a quantity of 
light of 3 sun. Moreover, a positive electrode and a negative 
electrode were made by joining each electrode and a conduc­
tive tape using silver paste. Terminal during I-V measurement 
were taken from the conductive tape. The results are shown in 
Table 1. 
[0244] A solar cell having a semiconductor film of 
Example 1, the film comprising the silicon particle and glyc­
erin, had a photoelectric conversion efficiency of 1.09%. A 
solar cell having a semiconductor layer of Comparative 
Example 1, the film consisting of only the silicon particle, had 
a photoelectric conversion efficiency of0.035%. I-V curves 
for the solar cells of Comparative Example 1 and Example 1 
are shown in FIGS. l0(A) and l0(B), respectively. 
[0245] A solar cell having a semiconductor film of 
Example 2, the film comprising the CIGS particle and 
1-thioglycerol, had a photoelectric conversion efficiency of 
0.005%. A solar cell having a semiconductor film of Example 
3, the film comprising the CIGS particle and glycerin, had a 
photoelectric conversion efficiency of 0.001 %. A solar cell 
having a semiconductor layer of Comparative Example 2, the 
film consisting of only the CIGS particle, did not generate 
power. An I-V curve for the solar cell of Comparative 
Example 2 and I-V curves for the solar cells having the 
semiconductor films of Example 2 and Example 3 respec­
tively are shown in FIGS. ll(A), ll(B), and ll(C) respec­
tively. 

TABLE 1 

Composition of semiconductor film (% by Photoelectric 
mass) conversion 

Silicon GIGS Glycerin Thioglycerol efficiency 
particle particle and oxides and oxides (%) Cell structure 

95 5 1.09 FIG. 1 

90 10 0.005 FIG. 1 

90 10 0.001 FIG. 1 

100 0.035 FIG.9 
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TABLE I-continued 

Composition of semiconductor film (% by Photoelectric 
mass conversion 

Silicon GIGS Glycerin Thioglycerol efficiency 
particle particle and oxides and oxides (%) Cell structure 

Comparative 
Example 2 

100 

Example 4 

(1) Manufacture ofHeterojunction Solar Cell Using 
Silicon Wafer 

[0246] A titanium oxide layer comprising titanium oxide 
particles (rutile type, solid content 12% by mass) having an 
average particle size of 20 nm was manufactured on a PET 
film with ITO (manufactured by Aldrich, sheet resistance 
60Q/D) by a spin coating method. In addition, the thickness 
of the titanium oxide layer obtained as a result of drying at 
120° C. for 10 minutes after spin coating was 300 nm. Coating 
was conducted by blade coating further on the titanium oxide 
layer with a liquid obtained by diluting cyanoethyl saccha­
rose with 2-methoxyethanol to adjust the concentration to 
20% by mass, and the coated liquid was dried at 120° C. for 1 
minute. The thickness of the cyanoethyl saccharose layer was 
600 nm. A solar cell was manufactured by sticking a p-type 
silicon crystal wafer having a thickness of 500 µm and a 
resistivity of3 Qcm on the cyanoethyl saccharose layer. The 
relative permittivity of cyanoethyl saccharose was 25. 

Example 5 

(1) Manufacture ofHeterojunction Solar Cell Using 
Silicon Wafer 

[0247] A solar cell was manufactured under the same con­
ditions as in Example 4 except that the following hydrofluoric 
acid treatment was conducted to a p-type silicon crystal wafer 
having a thickness of 500 µm and a resistivity of 3 Qcm. 
"Hydrofluoric acid treatment": the p-type silicon crystal 
wafer was washed with acetone to remove surface pollution, 
thereafter immersed in a 5% hydrofluoric acid for 5 minutes, 
and was washed with ultrapure water. Thereafter, the p-type 
silicon crystal wafer was washed with methanol. After wash­
ing, the wafer was dried under vacuum at room temperature 
for 1 hour. 

Example 6 

(1) Manufacture ofHeterojunction Solar Cell Using 
Silicon Wafer 

[0248] A solar cell was manufactured under the same con­
ditions as in Example 5 except that the p-type silicon crystal 
wafer having a resistivity of3 Qcm was changed to a p-type 
silicon crystal wafer having a resistivity of0.02 Qcm. 

Example 7 

(1) Manufacture ofHeterojunction Solar Cell Using 
Silicon Wafer 

[0249] A solar cell was manufactured under the same con­
ditions as in Example 5 except that the p-type silicon crystal 

FIG.9 

wafer having a resistivity of3 Qcm was changed to a p-type 
silicon crystal wafer having a resistivity of 23 Qcm. 

Example 8 

(1) Manufacture of Heterojunction Solar Cell Using 
Silicon Wafer 

[0250] A titanium oxide layer comprising titanium oxide 
particles (anatase type, TKS 201, manufactured by Tayca 
Corporation, solid content 33% by mass) having an average 
particle size of 6 nm was manufactured on a PET film with 
ITO (manufactured by Aldrich, sheet resistance 60Q/D) by a 
spin coating method. In addition, the thickness of the titanium 
oxide layer obtained as a result of drying at 120° C. for 10 
minutes after spin coating was 2000 nm. Coating was con­
ducted by blade coating further on the titanium oxide layer 
with a liquid obtained by diluting cyanoethyl saccharose with 
2-methoxyethanol to adjust the concentration to 20% by 
mass, and the coated liquid was dried at 120° C. for 1 minute. 
The thickness of the cyanoethyl saccharose layer was 600 nm. 
On the other hand, the hydrofluoric acid treatment was con­
ducted to a p-type silicon crystal wafer having a thickness of 
500 µm and a resistivity of3 Qcm. A solar cell was manufac­
tured by sticking the silicon crystal wafer and the titanium 
oxide film coated with cyanoethyl saccharose. 

Comparative Example 3 

(1) Manufacture of Heterojunction Solar Cell Using 
Silicon Wafer 

[0251] A thin film of a titanium oxide particle (rutile type, 
solid content 12% by mass) having an average particle size of 
20 nm was manufactured on a PET film with ITO (manufac­
tured by Aldrich, sheet resistance 60Q/D) by a spin coating 
method. In addition, the thickness of the thin film obtained as 
a result of drying at 120° C. for 10 minutes after spin coating 
was 300 nm. On the other hand, the hydrofluoric acid treat­
ment was conducted to a p-type silicon crystal wafer having a 
thickness of 500 µm and a resistivity of0.02 Qcm. A solar cell 
was manufactured by sticking the silicon crystal wafer and 
the titanium oxide film. 
[0252] [Evaluation of Solar Cell Property 2] 
[0253] Solar cells of Examples 4 to 8 and Comparative 
Example 3 were evaluated. The cell structures of Examples 4 
to 8 are similar to the structure illustrated in FIG. 6. The cell 
structure of Comparative Example 3 is almost similar to the 
structure illustrated in FIG. 9. As evaluation of the I-V prop­
erty of the solar cells, measurement was conducted adjusting 
the quantity of light so as to irradiate the solar cell with light 
having a quantity of light of 1 sun. Moreover, a conductive 
tape and silicon were joined to a silicon-side electrode using 
indium-gallium alloy paste in both of Examples and Com­
parative Example. Moreover, with respect to the titanium 



US 2015/0200312 Al Jul. 16, 2015 
18 

oxide side, the ITO electrode and a conductive tape were 
joined using silver paste. Terminals during I-V measurement 
were taken from the conductive tape. The results are shown in 
Tables 2 and 3. 
[0254] As shown in Tables 2 and 3, it was found that, with 
respect to the systems in which a cyano group-containing 
organic compound was introduced to the pn interface, the 
short-circuit current density and the open-circuit voltage 
were improved and the conversion efficiency became high. 
Furthermore, a conversion efficiency of 5% or more was 
exhibited by changing the resistivity of silicon and the kind of 
titanium oxide. 

TABLE2 

the glycerin/ethanol mixed solvent. With respect to the com­
position of the application liquid for forming a semiconductor 
film, the silicon particle was 25% by mass, glycerin was 15% 
by mass, and ethanol was 60% by mass. 

(2) Film Production 

[0257] The application liquid for forming a semiconductor 
film was drop-cast on a glass substrate with a fluorine-doped 
tin oxide (FTO) transparent electrode and heated at 120° C. 
on a hot plate to thereby remove ethanol. After removing 
ethanol, heating was further conducted at 150° C. for 3 min-

Layer containing a 
compound having 

Hydrofluoric Crystal relative permittivity 
acid Resistivity of structure of of 2 or more Uunction 

treatment silicon (Qcm) titanium oxide interface layer) 

Example4 3 Rutile type Cyanoethyl 
saccharose 

Example 5 0 3 Rutile type Cyanoethyl 
saccharose 

Example 6 0 0.02 Rutile type Cyanoethyl 
saccharose 

Example 7 0 23 Rutile type Cyanoethyl 
saccharose 

Example 8 0 3 Anatase type Cyanoethyl 
saccharose 

Comparative 0 0.02 Rutile type 
Example 3 

TABLE3 

Junction 
interface Short-circuit Photoelectric 

layer current 
thickness Cell density Open-circuit 

(nm) structure (mA/cm2) voltage (V) FF 

Example4 600 FIG. 6 13.8 0.54 0.22 
Example 5 600 FIG. 6 27.6 0.54 0.22 
Example 6 600 FIG. 6 7.9 0.26 0.26 
Example 7 600 FIG. 6 12.8 0.54 0.25 
Example 8 600 FIG. 6 47.3 0.49 0.24 
Comparative FIG.9 0.72 0.14 0.25 
Example 3 

Example 9 

(1) Preparation of Silicon Particle-Containing 
Application Liquid for Forming Semiconductor Film 

[0255] A p-type silicon crystal wafer having a resistivity of 
1 Qcm was pulverized under the presence of methanol by a 
ball mill method. A large excess of methanol was added after 
pulverization, and silicon particles having a particle size of3 7 
µm or less were classified by filtering with a nylon mesh 
having a sieve opening of3 7 µm. Furthermore, by conducting 
decantation with a methanol solvent, silicon particles having 
particle sizes of 10 to 37 µm were obtained. The average 
particle size of the obtained silicon particles was 20 µm. 
[0256] The silicon particles were weighed after vacuum 
drying, and a glycerin/ethanol mixed solvent (mass ratio 1/4) 
of 3 times the mass of the silicon particle was added and 
shaken to prepare an application liquid for forming a semi­
conductor film in which the silicon particles were dispersed in 

conversion 
efficiency 

(%) 

1.62 
3.21 
0.53 
1.69 
5.48 
0.02 

utes to manufacture a substrate with a semiconductor film. 
With respect to the composition of the semiconductor film, 
the silicon particle was 95% by mass, and the total amount of 
glycerin and compounds generated by oxidation of glycerin 
was 5% by mass. The film thickness was 250 µm. 

(3) Manufacture of Solar Cell 

[0258] A solar cell was manufactured by sticking a sub­
strate comprising IZO as a transparent electrode, the substrate 
with a p-type semiconductor film, and an n-type semiconduc­
tor layer comprising titanium oxide. Then-type semiconduc­
tor layer was manufactured by a spin coating method using 
titanium oxide particles (anatase type, TKS 201, manufac­
tured by Tayca Corporation, solid content 33% by mass) 
having an average particle size of 6 nm. In addition, the 
thickness of the n-type semiconductor layer obtained as a 
result of drying at 120° C. for 10 minutes after spin coating 
was 500nm. 
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Example 10 

(1) Preparation of Silicon Particle-Containing 
Application Liquid for Forming Semiconductor Film 

[0259] A p-type silicon crystal wafer having a resistivity of 
1 Qcm was pulverized under the presence of methanol by a 
ball mill method. A large excess of methanol was added after 
pulverization, and silicon particles having particle sizes of3 7 
to 100 µm were obtained by filtering with a nylon mesh 
having a sieve opening of37 µm and a nylon mesh having a 
sieve opening of 100 µm. The average particle size of the 
obtained silicon particles was 55 µm. 
[0260] The silicon particles were weighed after vacuum 
drying, and a glycerin/ethanol mixed solvent (mass ratio 1/4) 
of 3 times the mass of the silicon particle was added and 
shaken to prepare an application liquid for forming a semi­
conductor film in which the silicon particles were dispersed in 
the glycerin/ethanol mixed solvent. With respect to the com­
position of the application liquid for forming a semiconductor 
film, the silicon particle was 25% by mass, glycerin was 15% 
by mass, and ethanol was 60% by mass. 

(2) Film Production 

[0261] A semiconductor film was manufactured under the 
same conditions as in Example 9. With respect to the compo­
sition of the semiconductor film, the silicon particle was 95% 
by mass, the total amount of glycerin and compounds gener­
ated by oxidation of glycerin was 5% by mass. The film 
thickness was 300 µm. 

(3) Manufacture of Solar Cell 

[0262] A solar cell was manufactured using the substrate 
with a p-type semiconductor film, an n-type semiconductor 
layer comprising zinc oxide, and a substrate comprising IZO 
as a transparent electrode. The n-type semiconductor layer 
was manufactured by a spin coating method using a butyl 
acetate solvent comprising zinc oxide particles (solid content 
40% by mass, manufactured by Aldrich) having an average 
particle size of35 nm. In addition, the thickness of then-type 
semiconductor layer obtained as a result of drying at 120° C. 
for 60 minutes after spin coating was 600 nm 

Example 11 

(1) Preparation of Silicon Particle-Containing 
Application Liquid for Forming Semiconductor Film 

[0263] A p-type silicon crystal wafer having a resistivity of 
3 µcm was pulverized under the presence of methanol by a 
ball mill method. A large excess of methanol was added after 
pulverization, and silicon particles having particle sizes of32 
µm or more and 57 µm or less were classified by filtering with 
a nylon mesh having a sieve opening of32 and a nylon mesh 
having a sieve opening of 57 µm. The average particle size of 
the obtained silicon particles was 43 µm. 
[0264] The silicon particles were weighed after vacuum 
drying, and a glycerin/ethanol mixed solvent (mass ratio 1/4) 
of 3 times the mass of the silicon particle was added and 
shaken to prepare an application liquid for forming a semi­
conductor film in which the silicon particles were dispersed in 
the glycerin/ethanol mixed solvent. With respect to the com­
position of the application liquid for forming a semiconductor 
film, the silicon particle was 25% by mass, glycerin was 15% 
by mass, and ethanol was 60% by mass. 
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(2) Film Production 

[0265] A substrate with a semiconductor film was manu­
factured under the same conditions as in Example 9 except 
that the substrate was changed to SUS 304. With respect to the 
composition of the semiconductor film, the silicon particle 
was 95% by mass, the total amount of glycerin and com­
pounds generated by oxidation of glycerin was 5% by mass. 
The film thickness was 250 µm. 

(3) Manufacture of Solar Cell 

[0266] A solar cell was manufactured using the substrate 
with a p-type semiconductor film, an n-type semiconductor 
layer comprising titanium oxide, and a PET film comprising 
ITO (manufactured by Aldrich, sheet resistance 60Q/D) as a 
transparent electrode. 
[0267] Then-type semiconductor layer was manufactured 
by a spin coating method using an aqueous dispersion liquid 
comprising titanium oxide particles ( anatase type, TKS 201, 
manufactured by Tayca Corporation, solid content 33% by 
mass) having an average particle size of 6 nm. In addition, the 
thickness of the n-type semiconductor layer obtained as a 
result of drying at 120° C. for 10 minutes after spin coating 
was 600nm. 

Example 12 

(1) Preparation of Silicon Particle-Containing 
Application Liquid for Forming Semiconductor Film 

[0268] Silicon particles were obtained under the same con­
ditions as in Example 11. The average particle size of the 
obtained silicon particles was 43 µm. 
[0269] The silicon particles were weighed after vacuum 
drying, and a glycerin/ethanol mixed solvent (mass ratio 1/3) 
and a 2-methoxyethanol solution of cyanoethyl polyvinyl 
alcohol were added and shaken. As a result thereof, an appli­
cation liquid for forming a semiconductor film in which the 
silicon particles were dispersed in a glycerin/ethanol/2-meth­
oxy ethanol mixed solution where cyanoethyl polyvinyl alco­
hol was dissolved, was prepared. With respect to the compo­
sition of the application liquid for forming a semiconductor 
film, the silicon particle was 20% by mass, cyanoethyl poly­
vinyl alcohol was 4% by mass, glycerin was 19% by mass, 
and ethanol was 57% by mass. 

(2) Film Production 

[0270] A substrate with a semiconductor film was manu­
factured in the same manner as in Example 11. With respect to 
the composition of the semiconductor film, the silicon par­
ticle was 80% by mass, cyanoethyl polyvinyl alcohol was 
16% by mass, the total amount of glycerin and compounds 
generated by oxidation of glycerin was 4% by mass. The 
relative permittivity of cyanoethyl polyvinyl alcohol was 15. 
The film thickness of the semiconductor film was 250 µm. 

(3) Manufacture of Solar Cell 

[0271] Using a PET film comprising ITO (manufactured by 
Aldrich, sheet resistance 60Q/D) as a transparent electrode, 
an n-type semiconductor layer comprising titanium oxide 
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was manufactured thereon. The n-type semiconductor layer 
was manufactured by a spin coating method using an aqueous 
dispersion liquid comprising titanium oxide particles (ana­
tase type, TKS 201, manufactured by Tayca Corporation, 
solid content 33% by mass) having an average particle size of 
6 nm. In addition, the thickness of the thin film obtained as a 
result of drying at 120° C. for 10 minutes after spin coating 
was 600 nm. Coating was conducted by blade coating further 
on the titanium oxide layer with a liquid obtained by diluting 
cyanoethyl saccharose with 2-methoxyethanol to adjust the 
concentration to 20% by mass, and the coated liquid was 
dried at 120° C. for 1 minute. The thickness of the cyanoethyl 
saccharose was 600 nm. A solar cell was manufactured by 
sticking the substrate with the p-type semiconductor film on 
the layer thus obtained. 
[0272] [Evaluation of Solar Cell Property 3] 
[0273] Evaluation of the I-V properties of solar cells of 
Examples 9 to 12 were conducted. With respect to electrodes 
of the solar cells, a positive electrode and a negative electrode 
were made by joining each electrode and a conductive tape 
using silver paste. Terminals during I-V measurement were 
taken from the conductive tape. As evaluation of the I-V 
property of the solar cells, measurement was conducted 
adjusting the quantity of light so as to irradiate the solar cell 
with light having a quantity of light of 3 sun. The cell struc­
tures of Examples 9 to 11 are similar to the structure illus­
trated in FIG. 1. The cell structure of Example 12 is similar to 
the structure illustrated in FIG. 7. The results are shown in 
Tables 4 and 5. 
[027 4] As shown in Tables 4 and 5, it was confirmed that the 
performance was improved by introducing a p-type semicon­
ductor film comprising glycerin and the performance of the 
solar cell in which a cyano group-containing organic com­
pound was introduced to the pn interface was further 
improved. The I-V properties before and after light irradiation 
for Example 12 are shown in FIG. 12 ((A) shows the I-V 
property before light irradiation and (B) shows the I-V prop­
erty after light irradiation). 

TABLE4 

Silicon particle Composition of semiconductor 

Average film (% by mass) 
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particle Glycerin Cyanoethyl n-Type 
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TABLES 

Short-
circuit Photoelectric 
current conversion 

Cell density Open-circuit efficiency 
structure (mA/cm2) voltage (V) FF (%) 

Example 1 FIG.! 43.5 0.29 0.26 1.09 
Example 9 FIG.! 24.3 0.23 0.26 0.48 
Example 10 FIG.! 20.1 0.29 0.26 0.42 
Example 11 FIG.! 6.51 0.23 0.25 0.34 
Example 12 FIG. 7 8.72 0.22 0.24 0.45 
Comparative FIG. 9 2.85 0.14 0.27 0.035 
Example 1 

Example 13 

(1) Manufacture of Heterojunction Solar Cell Using 
Silicon Wafer 

[0275] A titanium oxide layer was manufactured on a PET 
film with ITO (manufactured by Aldrich, sheet resistance 
60Q/D) by a spin coating method using an aqueous disper­
sion liquid comprising titanium oxide particles ( anatase type, 
TKS 201, manufactured by Tayca Corporation, solid content 
33% by mass) having an average particle size of 6 nm. In 
addition, the thickness of the titanium oxide layer obtained as 
a result of drying at 120° C. for 10 minutes after spin coating 
was 1500 nm. A thin film was manufactured further on the 
titanium oxide layer by a spin coating method using a liquid 
obtained by diluting polyvinylidene fluoride (PVDF) with 
N-methyl pyrrolidone (NMP) to adjust the concentration to 
0.1 % by mass, and the thin film was dried at 120° C. for 1 
minute. The thickness of the PVDF layer was 50 nm. On the 
other hand, the hydrofluoric acid treatment was conducted to 
a p-type silicon crystal wafer having a thickness of 500 µm 
and a resistivity of3 Qcm. A solar cell was manufactured by 
sticking the silicon crystal wafer and the titanium oxide film 
coated with PVDF. The relative permittivity of PVDF was 8. 

Layer 
containing a 
compound 
having 
relative 
permittivity 

of2 or more 

(junction 
size Resistivity Silicon and polyvinyl semiconductor interface 
(nm) (Qcm) particle oxides alcohol layer layer) 

Example 1 55 95 5 Titaniwn 
oxide 

Example 9 20 95 5 Titaniwn 
oxide 

Example 10 55 95 5 Zinc oxide 
Example 11 43 3 95 5 Titaniwn 

oxide 
Example 12 43 3 80 4 16 Titaniwn Cyanoethyl 

oxide saccharose 
Comparative 55 100 Titaniwn 
Example 1 oxide 
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Example 14 

(1) Manufacture ofHeterojunction Solar Cell Using 
Silicon Wafer 

[0276] Manufacture of a heterojunction solar cell was con­
ducted in the same manner as in Example 13 except that a 
liquid obtained by diluting polyvinylidene fluoride (PVDF) 
with N-methyl pyrrolidone (NMP) to adjust the concentration 
to 5% by mass was used. The thickness of the PVDF layer was 
550nm. 
[0277] [Evaluation of Solar Cell Property 4] 
[0278] Solar cells of Examples 13 and 14 and Comparative 
Example 3 were evaluated. The cell structures of Examples 
13 and 14 are similar to the structure illustrated in FIG. 6. The 
cell structure of Comparative Example 3 is almost similar to 
the structure illustrated in FIG. 9. As evaluation of the I-V 
properties of the solar cells, measurement was conducted 
adjusting the quantity of light so as to irradiate the solar cell 
with light having a quantity of light of 1 sun. Moreover, a 
conductive tape and the silicon wafer were joined to a silicon 
wafer-side electrode using indium-gallium alloy paste. More­
over, with respect to the titanium oxide layer side, the ITO 
electrode and a conductive tape were joined using silver 
paste. Terminals during I-V measurement were taken from 
the conductive tape. The results are shown in Tables 6 and 7. 

TABLE6 

Layer containing 
Crystal a compound 

Resistivity structure having relative 
Hydrofluoric of of permittivity of 2 

acid silicon titaniwn or more Uunction 
treatment (Qcm) oxide interface layer) 

Example 13 0 3 Anatase PVDF 
type 

Example 14 0 3 Anatase PVDF 
type 

Comparative 0 0.02 Rutile 
Example 3 type 

TABLE 7 

Junction 
interface Short-circuit 

layer current 
thickness Cell density Open-circuit 

(nm) structure (mA/cm2) voltage (V) FF 

Example 13 50 FIG. 6 24 0.49 0.21 
Example 14 550 FIG. 6 27 0.5 0.21 
Comparative FIG.9 0.72 0.14 0.25 
Example 3 

[0279] As shown in Tables 6 and 7, it was found that the 
short-circuit current and the open-circuit voltage were 
improved and the conversion efficiency became high in the 
systems in which a material having a high dielectric constant 
was introduced to the pn interface. 

Example 15 

(1) Manufacture ofHeterojunction Solar Cell Using 
Silicon Wafer 

[0280] A titanium oxide layer was manufactured on a PET 
film with ITO (manufactured by Aldrich, sheet resistance 
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60Q/D) by a spin coating method using an aqueous disper­
sion liquid comprising titanium oxide particles ( anatase type, 
TKS 201, manufactured by Tayca Corporation, solid content 
33% by mass) having an average particle size of 6 nm. In 
addition, the thickness of the titanium oxide layer obtained as 
a result of drying at 120° C. for 10 minutes after spin coating 
was 1500 nm. A film was produced further on the titanium 
oxide layer by a spin coating method using a liquid obtained 
by diluting cyanoethyl saccharose with 2-methoxyethanol to 
adjust the concentration to 0.1 % by mass, and the film was 
dried at 120° C. for 1 minute. The thickness of the cyanoethyl 
saccharose layer was 20 nm. On the other hand, a p-type 
silicon crystal wafer having a thickness of 500 µm and a 
resistivity of 3 Qcm was washed with methanol. A solar cell 
was manufactured by sticking the silicon crystal wafer which 
was dried after washing and the titanium oxide film coated 
with cyanoethyl saccharose. 

Example 16 

(1) Manufacture of Heterojunction Solar Cell Using 
Silicon Wafer 

[0281] Manufacture of a heterojunction solar cell was con­
ducted in the same manner as in Example 15 except that a 
liquid obtained by diluting cyanoethyl saccharose with 
2-methoxyethanol to adjust the concentration to 1 % by mass 
was used. The thickness of the cyanoethyl saccharose layer 
was 40mm 

Example 17 

(1) Manufacture of Heterojunction Solar Cell Using 
Silicon Wafer 

[0282] Manufacture of a heterojunction solar cell was con­
ducted in the same manner as in Example 15 except that a 
liquid obtained by diluting cyanoethyl saccharose with 
2-methoxyethanol to adjust the concentration to 5% by mass 
was used. The thickness of the cyanoethyl saccharose layer 
was 150nm. 

Photoelectric 
conversion 
efficiency 

(%) 

2.6 
2.9 
0.02 

Example 18 

(1) Manufacture of Heterojunction Solar Cell Using 
Silicon Wafer 

[0283] Manufacture of a heterojunction solar cell was con­
ducted in the same manner as in Example 15 except that a 
liquid obtained by diluting cyanoethyl saccharose with 
2-methoxyethanol to adjust the concentration to 20% by mass 
was used. The thickness of the cyanoethyl saccharose layer 
was 600nm. 
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Example 19 

(1) Manufacture ofHeterojunction Solar Cell Using 
Silicon Wafer 

[0284] Manufacture of a heterojunction solar cell was con­
ducted in the same manner as in Example 15 except that a 
liquid obtained by diluting cyanoethyl saccharose with 
2-methoxyethanol to adjust the concentration to 40% by mass 
was used. The thickness of the cyanoethyl saccharose layer 
was 2100nm. 

Example 20 

(1) Manufacture ofHeterojunction Solar Cell Using 
Silicon Wafer 

[0285] Manufacture of a heterojunction solar cell was con­
ducted in the same manner as in Example 15 except that a 
liquid obtained by diluting cyanoethyl saccharose with 
2-methoxyethanol to adjust the concentration to 40% by mass 
was used. The thickness of the cyanoethyl saccharose layer 
was 5000nm. 

Comparative Example 4 

(1) Manufacture ofHeterojunction Solar Cell Using 
Silicon Wafer 

[0286] A thin film was manufactured on a PET film with 
ITO (manufactured by Aldrich, sheet resistance 60Q/D) by a 
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Example 15 

Example 16 

Example 17 

Example 18 

Example 19 

Example 20 

Comparative 

Example4 

Example 15 
Example 16 
Example 17 
Example 18 
Example 19 
Example 20 
Comparative 
Example4 
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spin coating method using an aqueous dispersion liquid com­
prising titanium oxide particles (anatase type, TKS 201, 
manufactured by Tayca Corporation, solid content 33% by 
mass) having an average particle size of 6 nm. In addition, the 
thickness of the thin film obtained as a result of drying at 120° 
C. for 10 minutes after spin coating was 1500 nm. On the 
other hand, a p-type silicon crystal wafer having a thickness 
of 500 µm and a resistivity of3 Qcm was washed with metha­
nol. A solar cell was manufactured by sticking the silicon 
crystal wafer which was dried after washing and the titanium 
oxide film. 

[0287] [Evaluation of Solar Cell Property 5] 

[0288] Solar cells of Examples 15 to 20 and Comparative 
Example 4 were evaluated. The cell structures of Examples 
15 to 20 are similar to the structure illustrated in FIG. 6. As 
evaluation of the I-V properties of the solar cells, measure­
ment was conducted adjusting the quantity of light so as to 
irradiate the solar cell with light having a quantity oflight of 
1 sun. Moreover, a conductive tape and the silicon wafer were 
joined to a silicon wafer-side electrode using indium-gallium 
alloy paste. Moreover, with respect to the titanium oxide layer 
side, the ITO electrode and a conductive tape were joined 
using silver paste. Terminals during I-V measurement were 
taken from the conductive tape. The results are shown in 
Tables 8 and 9. 

Hydrofluoric 

acid 

treatment 

Junction 
interface 

layer 
thickness Cell 

TABLES 

Crystal 

Layer containing a 

compound having 

relative permittivity 

Resistivity of structure of of 2 or more (junction 

silicon (Qcm) titanium oxide interface layer) 

3 Anatase type Cyanoethyl saccharose 

3 Anatase type Cyanoethyl saccharose 

3 Anatase type Cyanoethyl saccharose 

3 Anatase type Cyanoethyl saccharose 

3 Anatase type Cyanoethyl saccharose 

3 Anatase type Cyanoethyl saccharose 

3 Anatase type 

TABLE9 

Short-circuit Photoelectric 
current conversion 
density Open-circuit efficiency 

(nm) structure (mA/cm2) voltage (V) FF (%) 

20 FIG. 6 6.4 0.42 0.17 0.5 
40 FIG. 6 11.2 0.44 0.14 0.7 

150 FIG. 6 11 0.43 0.15 0.7 
600 FIG. 6 29.7 0.5 0.2 2.9 

2100 FIG. 6 37.7 0.46 0.16 2.7 
5000 FIG. 6 13.3 0.46 0.13 0.8 

FIG.9 1.9 0.5 0.22 0.2 
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[0289] As shown in Tables 8 and 9, it was found that when 
the thickness of the cyano group-containing organic com­
pound introduced to the pn interface was changed, the short­
circuit current and the open-circuit voltage were improved 
and the conversion efficiency became high at a thickness of at 
least 40 nm or more. 

Evaluation of Transmittance of Junction Interface 
Layer 

Example 21 

[0290] A titanium oxide layer was manufactured on a PET 
film with ITO (manufactured by Aldrich, sheet resistance 
60Q/D) by a spin coating method using an aqueous disper­
sion liquid comprising titanium oxide particles ( anatase type, 
TKS 201, manufactured by Tayca Corporation, solid content 
33% by mass) having an average particle size of 6 nm. In 
addition, the thickness of the titanium oxide layer obtained as 
a result of drying at 120° C. for 10 minutes after spin coating 
was 1500 nm. A film was produced further on the titanium 
oxide layer by a spin coating method using a liquid obtained 
by diluting cyanoethyl saccharose with 2-methoxyethanol to 
adjust the concentration to 20% by mass, and the film was 
dried at 120° C. for 1 minute. The thickness of the cyanoethyl 
saccharose layer was 600 nm. 
[0291] The transmittance of the cyanoethyl saccharose 
layer measured by the aforementioned method was 90%. 

Example 22 

[0292] A titanium oxide layer was manufactured on a PET 
film with ITO (manufactured by Aldrich, sheet resistance 
60Q/D) by a spin coating method using an aqueous disper­
sion liquid comprising titanium oxide particles ( anatase type, 
TKS 201, manufactured by Tayca Corporation, solid content 
33% by mass) having an average particle size of 6 nm. In 
addition, the thickness of the titanium oxide layer obtained as 
a result of drying at 120° C. for 10 minutes after spin coating 
was 1500 nm. A thin film was manufactured further on the 
titanium oxide layer by a spin coating method using a liquid 
obtained by diluting polyvinylidene fluoride (PVDF) with 
N-methyl pyrrolidone (NMP) to adjust the concentration to 
5% by mass, and the thin film was dried at 120° C. for 1 
minute. The thickness of the PVDF layer was 550 nm. 
[0293] The transmittance of the PVDF layer measured by 
the aforementioned method was 36%. 
[0294] The results of transmittances of Examples 21 and 22 
are shown together in Table 10. It is found that the transmit­
tance is high in both Examples 21 and 22. 

TABLE 10 

Layer containing a 
compound having relative 
permittivity of 2 or more 
(junction interface layer) 

Example 21 Cyanoethyl saccharose 
Example 22 PVDF 

Transmittance (%) 

90 
36 

Evaluation of Resistivity of Junction Interface Layer 

Example 23 

[0295] The resistivity of the cyanoethyl saccharose layer 
described in Example 21, namely, the junction interface layer, 
was measured by the above-described method. 
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Example 24 

[0296] The resistivity of the PVDF layer described in 
Example 22, namely, the junction interface layer, was mea­
sured by the above-described method. 

[0297] The results of resistivities ofExamples 23 and 24 are 
shown together in Table 11. It is found that the resistivity is 
high in both Examples 23 and 24. 

Example 23 
Example 24 

TABLE 11 

Layer containing a 
compound having relative 
permittivity of 2 or more 
(junction interface layer) 

Cyanoethyl saccharose 
PVDF 

Resistivity (Qcm) 

1.0 x 107 or more 
1.0 x 107 or more 

Evaluation of Flexibility of Solar Cells 

Example 25 

[0298] A titanium oxide layer was manufactured on a PET 
film with ITO (manufactured by Aldrich, sheet resistance 
60Q/D) by a spin coating method using an aqueous disper­
sion liquid comprising titanium oxide particles ( anatase type, 
TKS 201, manufactured by Tayca Corporation, solid content 
33% by mass) having an average particle size of 6 nm. In 
addition, the thickness of the titanium oxide layer obtained as 
a result of drying at 120° C. for 10 minutes after spin coating 
was 1500 nm. A thin film was manufactured further on the 
titanium oxide layer by a spin coating method using a liquid 
obtained by diluting polyvinylidene fluoride (PVDF) with 
N-methyl pyrrolidone (NMP) to adjust the concentration to 
5% by mass, and the thin film was dried at 120° C. for 1 
minute. The thickness of the PVDF layer was 550 nm. 

[0299] The flexibility was evaluated using the electrode 
substrate including the PET substrate, ITO, titanium oxide, 
and PVDF and a p-type silicon crystal wafer having a resis­
tivity of3 Qcm which wafer had been washed with methanol. 

Example 26 

[0300] A titanium oxide layer was manufactured on a PET 
film with ITO (manufactured by Aldrich, sheet resistance 
60Q/D) by a spin coating method using an aqueous disper­
sion liquid comprising titanium oxide particles ( anatase type, 
TKS 201, manufactured by Tayca Corporation, solid content 
33% by mass) having an average particle size of 6 nm. In 
addition, the thickness of the titanium oxide layer obtained as 
a result of drying at 120° C. for 10 minutes after spin coating 
was 1500 nm. A film was produced further on the titanium 
oxide layer by a spin coating method using a liquid obtained 
by diluting cyanoethyl saccharose with 2-methoxyethanol to 
adjust the concentration to 20% by mass, and the film was 
dried at 120° C. for 1 minute. The thickness of the cyanoethyl 
saccharose layer was 600 nm. 

[0301] The flexibility was evaluated using the electrode 
substrate including the PET substrate, ITO, titanium oxide, 
and cyanoethyl saccharose and a p-type silicon crystal wafer 
having a resistivity of 3 Qcm which wafer had been washed 
with methanol. 
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[0302] The results of the evaluation of the flexibilities of 
Examples 25 and 26 are shown together in Table 12. It was 
confirmed that both of Examples 25 and 26 were driven as a 
solar cell when bent. 

Layer containing a 
compound having 
relative permittivity 
of2 or more 
Uunction interface 
layer) 

Example Polyvinylidene 
25 fluoride 
Example Cyanoethyl 
26 saccharose 

TABLE 12 

Flexibility 

Sufficient 

Sufficient 

Short-circuit 
current 
density 

(mA/cm2) 

26.9 

15.5 

Example 27 

Open-circuit 
voltage (V) 

0.51 

0.52 

(1) Preparation of Silicon Particle-Containing 
Application Liquid for Forming Semiconductor Film 

[0303] Silicon particles were obtained under the same con­
ditions as in Example 11. The average particle size of the 
obtained silicon particles was 43 µm. 
[0304] The silicon particles were weighed after vacuum 
drying, and a glycerin/ethanol mixed solvent (mass ratio 1/3) 
and a 2-methoxyethanol solution of cyanoethyl polyvinyl 
alcohol were added and shaken. As a result thereof, an appli­
cation liquid for forming a semiconductor film in which the 
silicon particles were dispersed in a glycerin/ethanol/2-meth­
oxy ethanol mixed solution where cyanoethyl polyvinyl alco­
hol was dissolved, was prepared. With respect to the compo­
sition of the application liquid for forming a semiconductor 
film, the silicon particle was 20% by mass, cyanoethyl poly­
vinyl alcohol was 4% by mass, glycerin was 19% by mass, 
and ethanol was 57% by mass. 

(2) Film Production 

[0305] The application liquid for forming a semiconductor 
film was drop-cast on SUS 304 having a thickness of 10 µm 
and heated at 120° C. on a hot plate to thereby remove ethanol. 
After removing ethanol, heating was further conducted at 
150° C. for 3 minutes to manufacture a substrate with a 
semiconductor film. With respect to the composition of the 
semiconductor film, the silicon particle was 80% by mass, 
cyanoethyl polyvinyl alcohol was 16% by mass, and the total 
amount of glycerin and compounds generated by oxidation of 
glycerin was 4% by mass. The relative permittivity of cyano­
ethyl polyvinyl alcohol was 15. 

(3) Manufacture of Solar Cell 

[0306] Using a PET film comprising ITO (manufactured by 
Aldrich, sheet resistance 60Q/D) as a transparent electrode, 
an n-type semiconductor layer comprising titanium oxide 
was manufactured on the PET film. Then-type semiconduc­
tor layer was manufactured by a spin coating method using an 
aqueous dispersion liquid comprising titanium oxide par­
ticles (anatase type, TKS 201, manufactured by Tayca Cor­
poration, solid content 33% by mass) having an average par­
ticle size of 6 nm. In addition, the thickness of the titanium 
oxide layer obtained as a result of drying at 120° C. for 10 
minutes after spin coating was 600 nm. Coating was con-

24 

FF 

0.21 

0.19 
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ducted by blade coating further on the titanium oxide layer 
with a liquid obtained by diluting cyanoethyl saccharose with 
2-methoxyethanol to adjust the concentration to 20% by 
mass, and the coated liquid was dried at 120° C. for 1 minute. 

Photoelectric 
conversion 
efficiency 

(%) 

2.9 

1.5 

The thickness of the cyanoethyl saccharose layer was 600 nm. 
A solar cell was manufactured by sticking the substrate with 
the p-type semiconductor film on the layer thus obtained. 
[0307] [Evaluation of Solar Cell Property 6] 
[0308] The flexibility of the solar cell was evaluated. It was 
confirmed that Example 27 was driven as a solar cell (had 
flexibility) even when it was bent. In addition, when the 
open-circuit voltage was measured by irradiating with light, 
an open-circuit voltage of 0.6 V was confirmed. The open­
circuit voltage was 0 V when the light was shielded. 

INDUSTRIAL APPLICABILITY 

[0309] According to the present invention, a semiconductor 
film which are suitably used for a semiconductor element, and 
a solar cell that is excellent in power generation efficiency by 
comprising a layer comprising the semiconductor film can be 
provided. Furthermore, according to the present invention, a 
solar cell that is excellent in power generation efficiency and 
is low cost, the solar cell comprising a junction interface 
layer, can be provided. 

REFERENCE SIGNS LIST 

[0310] 1, 5 ... Metal jig, 2 ... Quartz plate, 3 ... Silicon 
rubber, 9 . .. Screw, 10 . .. Light, 4, 100, 200,300,400,500, 
600,700,800,900 ... Solar cell; 110,210,310,410,510,610, 
710,810,910 ... Substrate; 120,220,320,420,520,620,720, 
820, 920 ... Positive electrode layer; 130, 240, 330,340,430, 
450, 530, 730, 850 ... Layer comprising semiconductor film; 
140, 650, 750, 940 ... n-type semiconductor layer; 150, 250, 
350, 460, 540, 660, 760, 860, 950 ... Negative electrode 
layer; 230,630,830,930 ... p-type semiconductor layer; 440, 
640, 740, 840 ... Junction interface layer comprising com­
poundhaving relative permittivity of2 or more; 531 ... p-type 
semiconductor particle; 532 ... n-type semiconductor par­
ticle 

1.-55. ( canceled) 
56. An application liquid for forming a semiconductor film 

comprising: 
an inorganic semiconductor particle; and 
a compound having a relative permittivity of 2 or more, 

wherein a content of the inorganic semiconductor particle is 
0.5 to 70% by mass; a content of the compound having a 
relative permittivity of 2 or more is 0.5 to 90% by mass; and 
the compound having a relative permittivity of 2 or more is a 
cyano group-containing organic compound. 
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57. A semiconductor film comprising: 
an inorganic semiconductor particle; and 
a compound having a relative permittivity of 10 or more. 
58. A semiconductor film comprising: 
an inorganic semiconductor particle; and 
a compound having a relative permittivity of 2 or more, 

wherein the compound having a relative permittivity of 2 or 
more is at least one selected from the group consisting of 
glycerin, thioglycerol and cyano group-containing organic 
compounds; a content of the compound having a relative 
permittivity of2 or more is 0.5 to 80% by mass; and a content 
of the inorganic semiconductor particle is 20 to 99.5% by 
mass. 

59. A semiconductor film comprising: 
an inorganic semiconductor particle; and 
a compound having reducing power against the inorganic 

semiconductor particle, 
wherein the compound having reducing power against the 
inorganic semiconductor particle is at least one selected from 
the group consisting of glycerin and thioglycerol; a content of 
the compound having reducing power against the inorganic 
semiconductor particle is 0.5 to 80% by mass; and a content 
of the inorganic semiconductor particle is 20 to 99.5% by 
mass. 

60. The semiconductor film according to claim 57, wherein 
the inorganic semiconductor particle is a silicon particle hav­
ing an average particle size of0.1 to 400 µm. 

61. The semiconductor film according to claim 57, wherein 
the inorganic semiconductor particle is a compound semicon­
ductor particle having an average particle size of 0.05 to 50 
µm. 

62. A solar cell comprising a layer comprising the semi­
conductor film according to claim 57. 

63. The solar cell according to claim 62, further compris­
ing: 

a layer comprising another semiconductor film having an 
opposite charge to a charge of the semiconductor film or 
another semiconductor layer having an opposite charge 
to the charge of the semiconductor film. 

64. The solar cell according to claim 62, further comprising 
an electrode on the layer comprising the semiconductor film, 
wherein the inorganic semiconductor particle makes contact 
with the electrode. 

65. The solar cell according to claim 63, wherein the solar 
cell is a flexible solar cell. 

66. A solar cell comprising: 
the layer comprising the semiconductor film according to 

claim57; 
a layer comprising another semiconductor film having an 

opposite charge to a charge of the semiconductor film; 
and 

a junction interface layer comprising a compound having a 
relative permittivity of 2 or more between the layer 
comprising the semiconductor film and the layer com­
prising another semiconductor film. 

67. A solar cell comprising: 
the layer comprising the semiconductor film according to 

claim57; 
a semiconductor layer; and 
a junction interface layer comprising a compound having a 

relative permittivity of 2 or more between the layer 
comprising the semiconductor film and the semiconduc­
tor layer. 
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68. The solar cell according to claim 67, wherein the layer 
comprising the semiconductor film is a layer comprising a 
p-type semiconductor film and the semiconductor layer is an 
n-type semiconductor layer, or the layer comprising the semi­
conductor film is a layer comprising an n-type semiconductor 
film and the semiconductor layer is a p-type semiconductor 
layer. 

69. The solar cell according to claim 67, wherein the semi­
conductor layer is a titanium oxide layer, a silicon wafer or a 
compound semiconductor layer. 

70. A solar cell comprising: 
a first semiconductor layer; 
a second semiconductor layer; and 
a junction interface layer comprising a compound having a 

relative permittivity of 2 or more between the first semi­
conductor layer and the second semiconductor layer. 

71. The solar cell according to claim 70, wherein the first 
semiconductor layer is a p-type semiconductor layer, and the 
second semiconductor layer is ann-type semiconductor layer. 

72. The solar cell according to claim 70, wherein at least 
one of the semiconductor layers is a titanium oxide layer, a 
silicon wafer or a compound semiconductor layer. 

73. The solar cell according to claim 70, wherein the com­
pound having a relative permittivity of 2 or more and being 
contained in the junction interface layer is at least one 
selected from the group consisting of glycerin, thioglycerol, 
cyano group-containing organic compounds, and PVDF. 

74. The solar cell according to claim 70, wherein a thick­
ness of the junction interface layer is 0.03 to 500 µm. 

75. The solar cell according to claim 70, wherein a trans­
mittance of the junction interface layer is 35% or more. 

76. The solar cell according to claim 70, wherein a resis­
tivity of the junction interface layer is 106 Qcm or more. 

77. A method for producing a solar cell comprising a step 
of obtaining a laminate having a layer comprising a com­
pound having a relative permittivity of 2 or more on a p-type 
semiconductor layer or an n-type semiconductor layer. 

78. The method for producing a solar cell according to 
claim 77, comprising: 

the step of obtaining a laminate having a layer comprising 
a compound having a relative permittivity of 2 or more 
on a p-type semiconductor layer or an n-type semicon­
ductor layer; 

a step of obtaining another laminate having another p-type 
semiconductor layer or another n-type semiconductor 
layer on an electrode; and 

a step of sticking the laminate and the another laminate, 
with the layer comprising a compound having a relative 
permittivity of 2 or more and the another p-type semi­
conductor layer or the another n-type semiconductor 
layer facing each other. 

79. A method for producing a solar cell according to claim 
77, comprising: 

the step of obtaining the laminate having, on an electrode, 
the p-type semiconductor layer or then-type semicon­
ductor layer, and the layer comprising a compound hav­
ing a relative permittivity of 2 or more in this order; and 

a step of sticking another p-type semiconductor layer or 
another n-type semiconductor layer to the layer com­
prising a compound having a relative permittivity of 2 or 
more. 

80. The method for producing a solar cell according to 
claim 77, wherein the layer comprising a compound having a 
relative permittivity of 2 or more is obtained by removing a 
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volatile component from an application liquid comprising the 
compound having a relative permittivity of 2 or more. 

81. The method for producing a solar cell according to 
claim 77, wherein the compound having a relative permittiv­
ity of 2 or more is at least one selected from the group 
consisting of glycerin, thioglycerol, cyano group-containing 
organic compounds, and PVDF. 

* * * * * 
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