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(57) ABSTRACT 

A photoelectric conversion material dispersion liquid of an 
embodiment includes: perovskite crystal particles having a 
composition represented as ABX, where A is a monovalent 
cation of an amine compound, B is a divalent cation of a 
metal element, and X is a monovalent anion of a halogen 
element, and having an average particle diameter of not less 
than 10 nm nor more than 10000 nmi; and a dispersion 
medium which is composed of a poor solvent to the per 
ovskite crystal particles, and in which the perovskite crystal 
particles are dispersed. 
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PHOTOELECTRIC CONVERSION 
MATERIAL DISPERSION LIQUID AND 
PRODUCING METHOD THEREOF, 

PRODUCING METHOD AND PRODUCING 
APPARATUS OF PHOTOELECTRIC 

CONVERSION FILM, AND 
PHOTOELECTRIC CONVERSION DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is based upon and claims the 
benefit of priority from Japanese Patent Application No. 
2015-182450, filed on Sep. 16, 2015; the entire contents of 
which are incorporated herein by reference. 

FIELD 

0002 Embodiments disclosed herein generally relate to a 
photoelectric conversion material dispersion liquid and a 
producing method thereof, a producing method and a pro 
ducing apparatus of a photoelectric conversion film, and a 
photoelectric conversion device. 

BACKGROUND 

0003 Photoelectric conversion devices such as photovol 
taics, a photosensor, a light emitting element, a photodiode, 
and an optical memory, which use perovskite-type materials 
as a photoelectric conversion material, are expected as a 
low-cost photoelectric conversion device because an inex 
pensive coating method is applicable to layer formation. 
Among the perovskite-type materials used as the photoelec 
tric conversion material, a perovskite crystal having a com 
position represented as ABX and having a three-dimen 
sional crystal structure is excellent in power conversion 
efficiency, and therefore photovoltaics in which the per 
ovskite crystal is used to improve conversion efficiency are 
reported. As one of the problems of such photovoltaics, area 
enlargement can be cited. In the photovoltaics using the 
perovskite crystal, in the case of a device area of about 0.1 
cm, the conversion efficiency of about 20% is reported, but 
the report in which in the case of the device area of 1 cm, 
the conversion efficiency is about 15% and in the case of the 
device area of 100 cm, the conversion efficiency is about 
5% is only made. As one of the reasons of the above, the 
point that a conventional perovskite-layer forming technique 
fails to form a uniform and high quality perovskite crystal 
layer so as to have a large area can be cited. 
0004 As a conventional forming method of the per 
ovskite crystal layer, there has been known a method in 
which what is called a good solvent enabling dissolution of 
perovskite crystals is used to form a solution, this solution 
is applied on a film forming object, and then constituents of 
the dissolved perovskite crystals are made to crystallize 
(precipitate) on the film forming object. In Such a forming 
method, film properties of the perovskite crystal layer are 
affected by a large number of factors and are liable to be 
affected by them, resulting in difficulty informing a uniform 
and high quality perovskite crystal layer so as to have a large 
area. The film properties mean morphology, sizes and shapes 
of crystals, lattice defects, dislocation, and orientation dis 
placement of crystals, impurities, coverage, film thickness, 
and the like. As the affecting factors, there can be cited 
drying conditions, solvent types, additives, impurities, Solid 
content concentration, and temperature of the perovskite 
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crystal solution, and further material, temperature, impuri 
ties, irregularities, and so on of the film forming object 
surface, for example. When a film is formed so as to have a 
large area, for example, the drying conditions are likely to be 
nonuniform, so that the film properties are also likely to be 
nonuniform. 
0005. As a forming method of a film using a perovskite 
crystal material having a composition represented as ABX 
and having a two-dimensional layer structure, there has been 
proposed a method in which Such a material is dissolved in 
a good solvent to form a solution, and using this solution, a 
film is formed by a spin coating method or the like. 
Regarding the perovskite crystal material having a two 
dimensional layer structure, it has been also considered that 
particles of this material are dispersed in a solvent together 
with a polymer to be an organic matrix to form a dispersion 
liquid, and using this dispersion liquid, a film is formed by 
a spin coating method or the like. By dispersing the per 
ovskite crystal particles in the organic matrix, dispersibility 
of the particles in a photoelectric conversion film Such as a 
light emitting layer improves, but the relative amount of the 
perovskite crystal particles in the photoelectric conversion 
film decreases due to existence of the organic matrix. 
Further, only the above fails to achieve practical area 
enlargement of the photoelectric conversion device Such as 
a light emitting element or photovoltaics. 
0006 For example, cells forming a photovoltaic module 
using a transparent electrode each have a structure in which 
a photoelectric conversion film (power generation layer) is 
sandwiched by a transparent electrode and a counter elec 
trode. At present, a transparent electrode on a practical level 
does not have Sufficient conductivity, and accordingly effi 
ciency for extracting generated charges deteriorates as a cell 
area is increased. Thus, generally, a plurality of strip-shaped 
cells are arranged and formed and the plural cells are 
connected in series. In order to fabricate such a photovoltaic 
module at low cost, pattern film forming of forming mate 
rials of the perovskite crystal layer is required to be per 
formed precisely according to a cell pattern. Further, the 
appropriate film thickness of the perovskite crystal layer is 
about 10 nm to 1000 nm, so that such an extremely thin layer 
is required to be formed precisely. However, there is a 
problem that the conventional film forming technique fails 
to pattern film form the perovskite crystal layer precisely at 
low cost. 
0007 Although in a general photovoltaic module, pattern 
film forming of a simple shape Such as a strip shape is 
required, in the case of a photovoltaic module intended for 
Solar wrist watch, pattern film forming of a triangle or a 
sector is required. Further, in the case of a photoelectric 
conversion device Such as a display or a photosensor, fine 
pattern film forming is needed. When such pattern film 
forming of irregular shapes and fine pattern film forming are 
required, it becomes further difficult to pattern film form the 
perovskite crystal layer precisely at low cost in the conven 
tional film forming technique. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a view schematically illustrating a state of 
a photoelectric conversion material dispersion liquid of an 
embodiment. 
0009 FIG. 2 is a view schematically illustrating a state of 
a forming solution of a conventional photoelectric conver 
sion film. 



US 2017/0077402 A1 

0010 FIG. 3 is a view schematically illustrating a modi 
fied example of the photoelectric conversion material dis 
persion liquid illustrated in FIG. 1. 
0011 FIG. 4A to FIG. 4D are views each schematically 
illustrating a producing step of a photoelectric conversion 
film according to a first embodiment. 
0012 FIG. 5A to FIG. 5C are views each schematically 
illustrating a producing step of a photoelectric conversion 
film using the forming Solution of the conventional photo 
electric conversion film illustrated in FIG. 2. 
0013 FIG. 6 is a front view illustrating a first example of 
a producing apparatus of a photoelectric conversion film to 
which the producing steps of the photoelectric conversion 
film according to the first embodiment are applied. 
0014 FIG. 7 is a plan view illustrating the first example 
of the producing apparatus of the photoelectric conversion 
film to which the producing steps of the photoelectric 
conversion film according to the first embodiment are 
applied. 
0015 FIG. 8 is a front view illustrating a second example 
of the producing apparatus of the photoelectric conversion 
film to which the producing steps of the photoelectric 
conversion film according to the first embodiment are 
applied. 
0016 FIG. 9 is a plan view illustrating the second 
example of the producing apparatus of the photoelectric 
conversion film to which the producing steps of the photo 
electric conversion film according to the first embodiment 
are applied. 
0017 FIG. 10A to FIG. 10D are views each schemati 
cally illustrating a producing step of a photoelectric conver 
sion film according to a second embodiment. 
0018 FIG. 11 is a view illustrating a producing apparatus 
of a photoelectric conversion film according to a third 
embodiment and a producing step of the photoelectric 
conversion film with application of the producing apparatus. 
0019 FIG. 12 is a cross-sectional view illustrating one 
example of a photoelectric conversion device of an embodi 
ment. 

0020 FIG. 13 is a plan view illustrating another example 
of the photoelectric conversion device of the embodiment. 
0021 FIG. 14 is a view illustrating a producing apparatus 
of a photoelectric conversion film used in Example 7. 
0022 FIG. 15 is a view illustrating a producing apparatus 
of a photoelectric conversion film used in Example 12. 

DETAILED DESCRIPTION 

0023. According to one embodiment, there is provided a 
photoelectric conversion material dispersion liquid includ 
ing: perovskite crystal particles having a composition rep 
resented by a composition formula: ABX, wherein A is a 
monovalent cation of an amine compound, B is a divalent 
cation of a metal element, and X is a monovalent anion of 
a halogen element, and having an average particle diameter 
of 10 nm or more and 10000 nm or less; and a dispersion 
medium which is composed of a poor solvent to the per 
ovskite crystal particles, and in which the perovskite crystal 
particles are dispersed. 
0024. According to another embodiment, there is pro 
vided a producing method of a photoelectric conversion film 
including: forming a film containing perovskite crystal par 
ticles by causing the photoelectric conversion material dis 
persion liquid of the embodiment to adhere on a film 
forming object. According to still another embodiment, there 
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is provided a producing apparatus of a photoelectric con 
version film including: a film forming mechanism which 
causes the photoelectric conversion material dispersion liq 
uid of the embodiment to adhere on a film forming object. 
0025 Hereinafter, there will be explained a photoelectric 
conversion material dispersion liquid of an embodiment and 
a producing method thereof, a producing method and a 
producing apparatus of a photoelectric conversion film, and 
a photoelectric conversion device with reference to the 
drawings. Note that, in each embodiment, Substantially the 
same constituent parts are denoted by the same reference 
signs and an explanation thereof will be partly omitted in 
Some case. The drawings are schematic, and a relation of 
thickness and planar dimension, a thickness ratio among 
parts, and so on are sometimes different from actual ones. 
Terms indicating up and down directions and so on in the 
explanation indicate relative directions when a film forming 
surface of a later-described film forming object is defined as 
an up direction, unless otherwise noted, and they are some 
times different from actual directions based on a gravita 
tional acceleration direction. 

Photoelectric Conversion Material Dispersion Liquid and 
Producing Method Thereof 
0026 FIG. 1 is a view schematically illustrating a state of 
a photoelectric conversion material dispersion liquid of an 
embodiment. A photoelectric conversion material dispersion 
liquid 1 illustrated in FIG. 1 includes a dispersion medium 
2, and perovskite crystal particles 3 dispersed in the disper 
sion medium 2. The perovskite crystal particles 3 have a 
composition represented by the following formula (1) and 
have a three-dimensional crystal structure. 

Composition formula: ABX (1) 

In the formula (1), A is a monovalent cation of an amine 
compound, B is a divalent cation of a metal element, and X 
is a monovalent anion of a halogen element. 
0027. The perovskite-type crystal structure is classified 
into four types of Zero-dimensional structure to three-di 
mensional structure. The two-dimensional structure having a 
composition represented as ABX and the three-dimen 
sional structure having a composition represented as ABX 
are advantageous for obtaining a high-efficiency photoelec 
tric conversion material and a photoelectric conversion 
device using it. Between the both, the three-dimensional 
structure has been known that a bound energy of an exciton 
is low, which is more preferable for obtaining the high 
efficiency photoelectric conversion material and the photo 
electric conversion device. It has been known to take the 
two-dimensional structure when an ion radius of an A site is 
large and to take the three-dimensional structure when it is 
Small. 

0028. It has been known empirically that when A-site 
ions have an ion radius having a tolerance factor t falling 
within a range of 0.75 to 1.1, a perovskite-type crystal 
having a three-dimensional structure is formed. The toler 
ance factor t is a value expressed by the following expres 
sion (2). The ion radius includes various types, and the ion 
radius defined by Shannon is used. 

t=(A-site ion radius+X-site ion radius)/{2'x(B-site 
ion radius+X-site ion radius)} (2) 

0029. For the purpose of satisfying such an A-site ion 
condition as described above, the A site is formed of 
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monovalent cations of an amine compound. The amine 
compound forming the A site is preferable to be at least one 
selected from methylammonium (CH-NH2) and formami 
dinium (NHCHNH). Further, the B site is formed of 
divalent cations of a metal element, and the X site is formed 
of monovalent anions of a halogen element. The metal 
element forming the B site is preferable to be at least one 
selected from lead (Pb) and tin (Sn). The halogen element 
forming the X site is preferable to be at least one selected 
from iodine (I), bromine (Br), and chlorine (Cl). With these, 
high power conversion efficiency is obtained. 
0030 The perovskite crystal particles 3 have an average 
particle diameter falling within a range of 10 to 10000 nm. 
When the average particle diameter of the perovskite crystal 
particles 3 is less than 10 nm, the particles become likely to 
aggregate, and uniform dispersion in the dispersion medium 
2 becomes difficult. When the average particle diameter of 
the perovskite crystal particles 3 exceeds 10000 nm, the 
perovskite crystal particles 3 become likely to settle out in 
the dispersion medium 2, and uniform dispersion in the 
dispersion medium 2 becomes difficult. The average particle 
diameter of the perovskite crystal particles 3 is more pref 
erable to be 20 nm or more, and is further desirable to be 30 
nm or more. The average particle diameter of the perovskite 
crystal particles 3 is more preferable to be 1000 nm or less, 
and is further desirable to be 300 nm or less. The average 
particle diameter of the perovskite crystal particles 3 indi 
cates a value obtained by measuring the perovskite crystal 
particles 3 using a laser diffraction/scattering particle size 
distribution measuring device. 
0031. Further, the average particle diameter of the per 
ovskite crystal particles 3 may be adjusted according to use 
applications of a perovskite crystal layer (photoelectric 
conversion film) formed by using the dispersion liquid 1. 
The appropriate average particle diameter of the perovskite 
crystal particles 3 differs between the case of application to 
a photoelectric conversion device like photovoltaics in 
which a current is important and the case of application to 
a photoelectric conversion device like a photodiode in which 
change of Voltage only has to occur, for example. In the 
former case, the film thickness of the perovskite crystal layer 
is preferable to be 10 to 1000 nm. When it becomes thicker 
than this, current extraction becomes difficult. In the latter 
case, it is acceptable even if it becomes thicker than this. 
When the perovskite crystal particles 3 having an average 
particle diameter of 1000 nm are used in forming the 
perovskite crystal layer having a film thickness of 1000 nm 
by using the dispersion liquid 1, a film with a low filling 
factor is formed. In such a case, by using the perovskite 
crystal particles 3 having an average particle diameter of 300 
nm or less, a plurality of crystal particle layers are formed 
to be subjected to a later-described packing process, and 
thereby it is possible to form a perovskite crystal layer that 
has a high filling factor, a Smooth surface, and a film 
thickness of 1000 nm. 

0032. In the photoelectric conversion material dispersion 
liquid 1 of the embodiment, the concentration of the per 
ovskite crystal particles 3 in the dispersion liquid 1 prefer 
ably falls within a range of 0.1 to 40 vol%. When the 
concentration of the perovskite crystal particles 3 is too low, 
in a later-described drying step of the dispersion medium 2, 
a drying time is prolonged, or energy required for drying 
increases. However, when the concentration of the per 
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ovskite crystal particles 3 is too high, particle aggregation 
and the like become likely to occur. 
0033. As the dispersion medium 2 that disperses the 
above-described perovskite crystal particles 3, a poor sol 
vent of perovskite crystal is used. Here, the poor solvent is 
a solvent in which the perovskite crystal is not dissolved 
Substantially, and is a solvent in which the perovskite crystal 
is not dissolved substantially under the environments of 
Solid content concentration, temperature, pressure, and the 
like in the film forming process of the perovskite crystal 
layer. It is possible to say that the perovskite crystal is not 
dissolved Substantially when cloudiness is recognized in a 
solution mixed with the perovskite crystal particles and the 
poor solvent in visual observation. Concrete examples of the 
poor solvent of perovskite crystal includes an aliphatic 
hydrocarbon Solvent having six or more carbons of hexane, 
heptane, dodecane, or the like, an alicyclic hydrocarbon 
Solvent having five or more carbons of cyclopentane, cyclo 
hexane, or the like, a halogenated hydrocarbon solvent 
having four or more carbons of chlorinated alkane, fluori 
nated alkane, chlorinated and fluorinated alkane, or the like, 
silicone oil, and a mixture of these. Here, insulating liquids 
are described as an example, but the poor solvent may be a 
conductive liquid. 
0034. When the perovskite crystal particles 3 are dis 
persed in the dispersion medium 2, which is the poor solvent 
of perovskite crystal, the perovskite crystal particles 3 are 
not dissolved substantially in the dispersion medium 2, so 
that as illustrated in FIG. 1, the perovskite crystal particles 
3 exist in the dispersion medium 2 in a perovskite crystal 
particle 3 state. Thus, in the producing step of the photo 
electric conversion film using the dispersion liquid 1 a 
uniform and high quality perovskite crystal layer can be film 
formed so as to have a large area, as will be described in 
detail later. In the meantime, as illustrated in FIG. 2, in a 
solution 1X obtained by dissolving the perovskite crystal 
material in a good solvent of perovskite crystal, component 
ions 3XX of the perovskite crystal material exist in a 
dispersion medium 2X, Some of which exist as microcrys 
talline particles, gel, or the like of the perovskite crystal. The 
Solution is caused to crystallize on the film forming object 
from Such a state to form the perovskite crystal layer, thus 
being affected by a large number of factors. Accordingly, it 
is difficult to form a uniform and high quality perovskite 
crystal layer so as to have a large area, as will be described 
in detail later. 

0035. The photoelectric conversion material dispersion 
liquid 1 may contain a charge imparting agent 4 as illustrated 
in FIG. 3. When the charge imparting agent 4 is added into 
the dispersion medium 2, the charge imparting agent 4 
adheres to the perovskite crystal particles 3, so that it is 
possible to more securely charge the perovskite crystal 
particles 3. Charging the perovskite crystal particles 3 makes 
it easier for the perovskite crystal particles 3 to migrate in 
the dispersion medium 2 with use of electric field power and 
to adhere to the film forming object, and makes it difficult for 
the perovskite crystal particles 3 to aggregate in the disper 
sion medium 2. It possible to make the perovskite crystal 
particles 3 migrate due to an effect of impurity, a dielectric 
phenomenon of the perovskite crystal particles 3, or the like 
without addition of the charge imparting agent 4, but by 
adding the charge imparting agent 4, properties can be 
further improved. 
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0.036 AS the charge imparting agent 4, metal organic acid 
salt, lecithin, or another well-known charge imparting agent 
for dispersion liquid can be used. Concrete examples of the 
metal organic acid salt include compounds (organic acid 
salts) of organic acids such as naphthenic acid, oleic acid, 
octylic acid, Sulfonic acid, dodecyl acid, dodecylbenzene 
Sulfonic acid, and 2-ethylhexanoic acid, and metals such as 
Zirconium, cobalt, copper, nickel, iron, Zinc, lanthanum, 
gadolinium, Sodium, and calcium. The concentration of the 
charge imparting agent 4 in the dispersion liquid 1 is set 
appropriately according to the type or the like of the charge 
imparting agent 4, and preferably falls within a range of 0.05 
to 5 mass % relative to the perovskite crystal particles 3, for 
example. 
0037. The dispersion medium 2 forming the photoelectric 
conversion material dispersion liquid 1 is preferable to be an 
insulating liquid, in addition to being the poor solvent of 
perovskite crystal. Using the insulating dispersion medium 
2 makes it easier for the perovskite crystal particles 3 to 
migrate and adhere to the film forming object, and makes it 
difficult for the perovskite crystal particles 3 to aggregate in 
the dispersion medium 2. Further, when later-described 
electrodeposition film forming and electrophotographic sys 
tems are applied in forming the photoelectric conversion 
film by causing the dispersion liquid 1 to adhere to the film 
forming object, the dispersion medium 2 is preferable to be 
an insulating liquid. The example of the insulating disper 
sion medium 2 is as described above, and as a more concrete 
example, there can be cited branched paraffin solvent mix 
tures such as Isopar G (registered trademark), Isopar H 
(registered trademark), Isopar K (registered trademark), 
Isopar L. (registered trademark), Isopar M (registered trade 
mark), and Isopar V (registered trademark), which are 
produced by Exxon. There are also the poor solvent of 
perovskite crystal. 
0038. The producing method of the photoelectric conver 
sion material dispersion liquid 1 of the embodiment is not 
limited in particular, and the photoelectric conversion mate 
rial dispersion liquid 1 can be produced by various methods. 
One example of the producing method of the dispersion 
liquid 1 is described below. First, the forming material of the 
perovskite crystal particles 3 (perovskite material), the poor 
Solvent of perovskite crystal (first liquid), and the good 
Solvent of perovskite crystal (second liquid) are prepared. 
The second liquid only needs to be one having a perovskite 
crystal solubility higher than that of the poor solvent, but is 
preferable to be a good solvent in consideration of solubility 
of the perovskite crystal. Further, for the second liquid, a 
Solvent having a vapor pressure higher than that of the first 
liquid (poor solvent) is used. 
0039. The perovskite material and the second liquid 
(good solvent) are mixed to fabricate a first mixed solution 
containing the perovskite material. The first mixed solution 
is preferable to be a perovskite material solution. Then, the 
first mixed solution Such as a perovskite material solution is 
added into the poor solvent (first liquid) to fabricate a second 
mixed solution. At least one of heating and depressurizing is 
performed on the second mixed solution to evaporate the 
second liquid (good solvent) from the second mixed solu 
tion. This makes it possible to cause the perovskite crystal 
ionized in the second liquid (good solvent) to crystallize 
(precipitate) in the poor solvent to form the perovskite 
crystal particles 3. In this manner, it is possible to obtain the 
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dispersion liquid 1 in which the perovskite crystal particles 
3 are dispersed in the poor solvent (dispersion medium 2). 
0040. The fabricating step of the second mixed solution 
and the crystallizing step of the perovskite material are 
preferably performed as follows, for example. First, an 
injector Such as a microsyringe into which the perovskite 
material Solution is filled is immersed in a container in which 
the poor solvent is put and is being stirred by a stirrer or the 
like, and the perovskite material Solution is injected into the 
poor solvent. Thereafter, while being stirred in a state of the 
container being opened, the resultant liquid is heated or 
depressurized. By using the good solvent having a vapor 
pressure higher than that of the poor solvent, the good 
solvent can be removed selectively. Thereafter, the resultant 
is brought back to room temperature. As above, ions of the 
perovskite material in the good solvent crystallize in the 
poor solvent, to obtain the perovskite crystal particles 3 
dispersed in the poor solvent. Further, according to need, 
classification Such as filtering or centrifugal separation may 
be performed. As the good solvent of perovskite crystal, 
there can be cited N,N-dimethylformamide (DMF), N,N- 
dimethylacetamide (DMA), dimethylsulfoxide (DMSO), 
N-methyl-2-pyrrolidone (NMP), acetone, acetonitrile, and 
the like, for example. 
0041. The producing method of the photoelectric conver 
sion material dispersion liquid 1 is not limited to the 
above-described method, and the photoelectric conversion 
material dispersion liquid 1 may be produced by Such a 
method as described below, for example. For example, the 
photoelectric conversion material dispersion liquid 1 can be 
obtained also by a method in which a perovskite crystal 
ingot is produced and is pulverized by a wet mechanical 
dispersion method using the poor solvent to be subjected to 
classification appropriately. As the wet mechanical disper 
sion method, sand grinder, paint shaker, Nanomizer, and so 
on can be cited. For the classification, filtering, centrifugal 
separation, or the like is used. The dispersion liquid 1 
containing the charge imparting agent 4 can be obtained by 
adding the charge imparting agent 4 into each of the dis 
persion liquids 1 produced by the above-described various 
methods. 

Producing Method and Producing Apparatus of 
Photoelectric Conversion Film 
0042. Next, embodiments of a producing method and a 
producing apparatus of a photoelectric conversion film will 
be explained with reference to the drawings. Hereinafter, 
there will be mainly described a first embodiment in which 
a coating film forming method is applied to a producing step 
of the photoelectric conversion film, a second embodiment 
in which an electrodeposition film forming method is 
applied to a producing step of the photoelectric conversion 
film, and a third embodiment in which an electrophoto 
graphic system is applied to a producing step of the photo 
electric conversion film. However, the producing method of 
the photoelectric conversion film is not limited to these. The 
producing method of the photoelectric conversion film of the 
embodiment only needs to be a method including a step of 
forming a film containing the perovskite crystal particles 3 
on a film forming object as the photoelectric conversion film 
by causing the photoelectric conversion material dispersion 
liquid 1 of the embodiment to adhere on the film forming 
object. Further, the producing apparatus of the photoelectric 
conversion film of the embodiment only needs to an appa 
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ratus including a film forming mechanism that causes the 
photoelectric conversion material dispersion liquid 1 of the 
embodiment to adhere on a film forming object. 

First Embodiment 

0043 FIG. 4A to FIG. 4D each schematically illustrate a 
producing step of a photoelectric conversion film according 
to the first embodiment. As illustrated in FIG. 4A, a substrate 
12 having a first electrode 11 is prepared as the film forming 
object. The photoelectric conversion material dispersion 
liquid 1 is applied on the first electrode 11 of the substrate 
12. A coating method (and a coating mechanism) of the 
photoelectric conversion material dispersion liquid 1 only 
need to be a method (and a mechanism) capable of Supplying 
the photoelectric conversion material dispersion liquid 1 
onto the film forming object so as to have a uniform film 
thickness, and a liquid coating method Such as, for example, 
a spin coating method, a slit coating method, a screen 
printing method, a spray method, or a meniscus coating 
method is applied. 
0044) Next, as illustrated in FIG. 4B, the photoelectric 
conversion material dispersion liquid 1 applied on the first 
electrode 11 is dried to form a film 13 containing the 
perovskite crystal particles 3. The film 13 may be used as the 
photoelectric conversion film, but as illustrated in FIG. 4C, 
it is preferable that a packing process is performed on the 
film 13 to form a dense film 14. As the packing process, there 
can be cited a method of exposing the film 13 to the good 
solvent of perovskite crystal or its vapor, a method of 
heating the film 13, a method of pressurizing the film 13, a 
method in which these are combined, and the like. Such a 
packing process is performed to make the perovskite crystal 
film 14 dense, thereby making it possible to improve prop 
erties of a photoelectric conversion film (14). Further, as 
illustrated in FIG. 4D, a second electrode 15 is formed on the 
perovskite crystal film 14, to thereby form a photoelectric 
conversion device 16. Incidentally, the packing process and 
the apparatus will be described in detail later. 
004.5 FIG. 5A to FIG.5C each illustrate a producing step 
of a photoelectric conversion film using a forming Solution 
of a conventional photoelectric conversion film, namely the 
solution 1X obtained by dissolving the perovskite crystal 
material 3XX in the good solvent 2X. First, the solution 1X 
is applied on the first electrode 11 of the substrate 12 (FIG. 
5A) to be almost completely dried (FIG.SB). Thereafter, an 
almost completely dried film 131X of the perovskite crystal 
material 3XX is heated to promote crystallization of the 
perovskite crystal material 3XX, and thereby a film 132X 
containing perovskite crystal particles 3X is formed (FIG. 
5C). In the conventional film forming method, film proper 
ties of a perovskite crystal layer 132 are affected by a large 
number of factors and are liable to be affected by them. For 
example, the film properties are affected by drying condi 
tions, solvent types, additives, impurities, Solid content 
concentration, and temperature of a perovskite material 
Solution, and further material, temperature, impurities, and 
irregularities of the film forming object surface. When a film 
is formed so as to have a large area, the drying conditions are 
likely to be nonuniform, so that the film properties are likely 
to be nonuniform. For this reason, morphology of a film to 
be obtained decreases, the size and shape of crystals and the 
film thickness become nonuniform, and further lattice 
defects, dislocation (D1), orientation displacement (D2) and 
the like of crystals are likely to occur in the film. 
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0046. In contrast to such points, in the producing method 
of the photoelectric conversion film of the embodiment, the 
already-crystallized perovskite crystal particles 3 are Sup 
plied onto the film forming object, to be further subjected to 
the packing process according to need, so that the number of 
factors affecting the film properties of the perovskite crystal 
layer 14 is relatively small and impact of the factors is small. 
For this reason, it is possible to reproducibly form the 
uniform and high quality perovskite crystal layer 14 So as to 
have a large area. Thus, properties according to the proper 
ties of the perovskite crystal particles 3 prepared beforehand 
are obtained easily. Further, of the perovskite crystal layer 
14, a pattern film forming property to an arbitrary shape can 
be improved as will be described later. 
0047. Here, the perovskite crystal having a three-dimen 
sional structure has crystal orientation anisotropy of crystal 
growth smaller than that of the two-dimensional structure in 
general. In the case of the two-dimensional structure, the 
crystal orientation anisotropy of crystal growth is relatively 
large, so that even in the case of using the conventional 
method, a nanosheet-shaped crystal having a thin film thick 
ness, which is the several 100 nm level, and having an area 
of a micrometer level is easily generated. On the other hand, 
in the case of the three-dimensional structure, the crystal 
orientation anisotropy of crystal growth is Small, so that in 
the case of using the conventional film forming method, a 
crystal not in a sheet shape but in a block shape is easily 
generated. That is, it is difficult to achieve both the film 
thickness of the several 100 nm level, which is appropriate 
as the film thickness of the photoelectric conversion film, 
and the area of the micrometer level. With respect to such a 
point, applying the film forming method of the embodiment 
makes it possible to reproducibly form the uniform and high 
quality perovskite crystal layer 14 So as to have a large area. 
That is, the film forming method of the embodiment enables 
more effective effects to be obtained in the case of using the 
perovskite-type crystal having a three-dimensional struc 
ture. 

0048 Next, there are explained concrete examples of the 
producing apparatus (film forming apparatus) to which the 
producing step of the photoelectric conversion film accord 
ing to the first embodiment is applied with reference to FIG. 
6 to FIG. 9. FIG. 6 to FIG. 9 illustrate film forming 
apparatuses (coating apparatuses) 101 to which a meniscus 
coating method is applied. The film forming apparatus 101 
includes: a stage 102 on which the film forming object such 
as the substrate 12 is disposed; a columnar coating head 103 
disposed to face the stage 102; and a Supply mechanism 104 
that Supplies, as a coating liquid, the photoelectric conver 
sion material dispersion liquid 1 between the substrate 12 
and the coating head 103, and is structured so as to move the 
stage 102 in a horizontal direction with respect to the coating 
head 103 whose position is fixed. In place of the movement 
of the stage 102, the coating head 103 may be moved, or the 
stage 102 and the coating head 103 may be moved simul 
taneously in directions opposite to each other or the same 
direction. 

0049. In the film forming apparatus 101 illustrated in 
FIG. 6 and FIG. 7, the photoelectric conversion material 
dispersion liquid 1 is uniformly supplied between the sub 
strate 12 and the coating head 103, to form a meniscus 
column. In a state where the position of the coating head 103 
is fixed, the stage 102 is moved in the horizontal direction 
(the arrow X direction in the drawing). Thereby, the substrate 
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12 disposed on the stage 102 is moved with respect to the 
coating head 103, and the photoelectric conversion material 
dispersion liquid 1 is applied on the Substrate 12 so as to 
spread by the coating head 103. Incidentally, the coating 
head 103 is normally used in an irrotational state. Thereafter, 
as described previously, drying of the dispersion liquid 1 and 
according to need, the packing process are performed. 
0050. In the film forming apparatus 101 illustrated in 
FIG. 8 and FIG. 9, the coating head 103 is divided into 
multiple regions in order to perform multiple strip-shaped 
pattern coating. Further, the Supply mechanism 104 is pro 
vided for each of divided regions of the coating head 103 so 
as to Supply the photoelectric conversion material dispersion 
liquid 1 into each of the divided regions. When the photo 
electric conversion material dispersion liquid 1 is Supplied 
between the substrate 12 and the coating head 103 from the 
plural Supply mechanisms 104, according to the multiple 
divided coating head 103, multiple-divided meniscus col 
umns are formed. In a state where the position of the coating 
head 103 is fixed, the stage 102 is moved in the horizontal 
direction (the arrow X direction in the drawing), and thereby 
the photoelectric conversion material dispersion liquid 1 is 
pattern applied on the substrate 12 to have multiple strip 
shapes. 
0051. When it is necessary to pattern apply the photo 
electric conversion material dispersion liquid 1. Such a film 
forming apparatus 101 as illustrated in FIG. 8 and FIG. 9 is 
used. As will be described in detail later, there is sometimes 
a case that a plurality of strip-shaped cells are arranged and 
formed and the plural cells are connected in series when the 
photoelectric conversion device is applied to the photovol 
taic module or the like. For the purpose of connecting the 
plural cells in series, a region not containing the perovskite 
crystal layer needs to be formed. In Such a case, the multiple 
pattern coating by Such a film forming apparatus 101 as 
illustrated in FIG. 8 and FIG. 9 is suitably applied. In the 
case when the photoelectric conversion film that does not 
require series connection is produced, and in the case when 
the photoelectric conversion material dispersion liquid 1 is 
applied and then patterning is performed, such a film form 
ing apparatus 101 as illustrated in FIG. 6 and FIG. 7 is used. 

Second Embodiment 

0052 FIG. 10A to FIG. 10D each schematically illustrate 
a producing step of a photoelectric conversion film accord 
ing to the second embodiment. As illustrated in FIG. 10A, an 
electrode for electrodeposition 17 is provided to face a first 
electrode 11 of a substrate 12. The photoelectric conversion 
material dispersion liquid 1 is made to exist between the first 
electrode 11 and the electrode for electrodeposition 17, and 
in this state, a voltage is applied to the first electrode 11 and 
the electrode for electrodeposition 17 from a power supply 
18. A liquid tank, an enclosed structure, and the like that are 
capable of holding the photoelectric conversion material 
dispersion liquid 1, of which illustrations are omitted in FIG. 
10A, are applied. By the applied voltage, the perovskite 
crystal particles 3 in the photoelectric conversion material 
dispersion liquid 1 are electrodeposited onto the first elec 
trode 11. Due to existence of ionic impurities contained in 
the photoelectric conversion material dispersion liquid 1, the 
perovskite crystal particles 3 electrophoretically migrate. 
When the perovskite crystal particles 3 have dielectricity, the 
particles migrate by what is called dielectrophoresis. Alter 
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natively, by applying a Voltage, charge is injected into the 
perovskite crystal particles 3 and the particles electropho 
retically migrate. 
0053 According to the second embodiment with voltage 
application, it is thought that as compared to the first 
embodiment, the perovskite crystal particles 3 are filled 
densely and in the case of the dielectrophoresis, the particles 
are filled in a state of crystal orientations being aligned. 
Further, by using the amine compound for the A site, the 
dielectric constant of the perovskite crystal particles 3 
increases, thus being more preferable. When an electric line 
of force to occur by applying a Voltage to the first electrode 
11 and the electrode for electrodeposition 17 is nonuniform, 
the dielectrophoresis becomes likely to occur, thus being 
more preferable. Concretely, forming the first electrode layer 
11 to have a planar shape and forming the electrode for 
electrodeposition 17 to have a point-like shape or a linear 
shape can be cited. An applied voltage V (V) is preferably 
set to establish 50<V/d<10000 when a gap between the first 
electrode 11 and the electrode for electrodeposition 17 is set 
to d (mm). When the V/d ratio is 50 or less, migration does 
not easily occur, and when it is 10000 or more, dielectric 
breakdown becomes likely to occur. The dispersion medium 
2 is preferable to be insulative as well as being the poor 
Solvent simultaneously. Using the insulating dispersion 
medium 2 makes it easier for the perovskite crystal particles 
3 to migrate and adhere to the first electrode 11. 
0054 When the above-described electrodeposition film 
forming method is applied, the photoelectric conversion 
material dispersion liquid 1 preferably contains the charge 
imparting agent 4. Adding the charge imparting agent 4 into 
the photoelectric conversion material dispersion liquid 1 
makes it easier for the perovskite crystal particles 3 to 
migrate and to adhere to the film forming object, and makes 
it difficult for the perovskite crystal particles 3 to aggregate 
in the dispersion medium 2. By the perovskite crystal 
particles 3 migrating easily, the particles are thought to be 
filled more densely, resulting in that better properties are 
obtained. Incidentally, after the electrodeposition step (an 
adhesion step of the perovskite crystal particles 3 by elec 
trodeposition) illustrated in FIG. 10A, similarly to the first 
embodiment, the drying step of the photoelectric conversion 
material dispersion liquid 1 (FIG. 10B), and according to 
need, the packing process step (FIG. 10C), and further the 
forming step of a second electrode 15 (FIG. 10D) are 
performed to fabricate a photoelectric conversion device 16. 

Third Embodiment 

0055 FIG. 11 illustrates a producing apparatus (film 
forming apparatus) 111 of a photoelectric conversion film 
according to the third embodiment and a producing step of 
a photoelectric conversion film using it. For the film forming 
apparatus 111 and the film forming step using it, what is 
called an electrophotographic system, which is used in a 
copying machine, a printer, and so on, is used. Using the 
electrophotographic system enables a photoelectric conver 
sion film to be formed on the film forming object in an 
arbitrary pattern as well as in a strip shape. The film forming 
apparatus 111 includes: a photoconductive drum 113 having 
a photoconductive layer 112 as an electrostatic pattern 
Support body; a charger 114 that charges the photoconduc 
tive layer 112; an exposure device 115 that exposes the 
photoconductive layer 112; an electrodeposition member 
116 disposed to have a predetermined gap from the photo 
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conductive drum 113; a container 117 that houses therein the 
photoelectric conversion material dispersion liquid 1 to be 
supplied to the electrodeposition member 116; a power 
supply 118 that applies a voltage to the electrodeposition 
member 116; a transfer member 119; a transfer bias applying 
member 120; and a power supply 121 that applies a voltage 
to the transfer bias applying member 120. A substrate having 
an electrode 11 (substrate with electrode) 12 is inserted 
between the photoconductive drum 113 and the transfer 
member 119. 

0056 While rotating the photoconductive drum 113, the 
charger 114 charges the photoconductive layer 112. When 
the exposure device 115 applies light to the photoconductive 
drum 113, by the function of the photoconductive layer 112, 
charges only at the light applied portion disappear and an 
electrostatic pattern (electrostatic latent image) is formed. 
The photoelectric conversion material dispersion liquid 1 is 
supplied between the photoconductive drum 113 and the 
electrodeposition member 116, and in this state, a Voltage is 
applied to the electrodeposition member 116, and thereby 
the perovskite crystal particles (photoelectric conversion 
material particles) are selectively electrodeposited onto the 
photoconductive drum 113 according to the electrostatic 
pattern. The substrate with electrode 12 as the film forming 
object is inserted between the photoconductive drum 113 
and the transfer member 119 and a voltage is applied to the 
electrode of the substrate 12, and thereby the pattern of the 
perovskite crystal particles formed on the photoconductive 
drum 113 is transferred onto the substrate with electrode 12. 
As a method of applying a Voltage to the electrode of the 
substrate with electrode 12, it is possible to use a method in 
which the transfer bias applying member 120 is made to 
come into contact with the electrode and a Voltage is applied 
to the electrode via the transfer bias applying member 120. 
0057 For the photoconductive layer 112 on the photo 
conductive drum 113, an arbitrary photoconductive layer 
Such as an organic photoconductive layer or an amorphous 
silicon photoconductive layer can be used. For the charger 
114, an arbitrary charger Such as a corona charger or an ion 
flow device can be used. The polarity may be either positive 
or negative. For the exposure device 115, an arbitrary 
exposure device using a laser, an LED, or the like can be 
used. For the electrodeposition member 116, an arbitrary 
member capable of applying an electric field can be used. 
For example, a roller-shaped member made of stainless steel 
or the like is immersed into the photoelectric conversion 
material dispersion liquid 1 and the roller member is rotated, 
and thereby a Voltage is applied while drawing the photo 
electric conversion material dispersion liquid 1, and thereby, 
while exhibiting a function to supply the photoelectric 
conversion material dispersion liquid 1 onto the photocon 
ductive drum 113, electrodeposition can be performed. 
0058. The polarity of the voltage to be applied to the 
electrodeposition member 116 may be either positive or 
negative. For example, when the charge polarity of the 
perovskite crystal particles in the photoelectric conversion 
material dispersion liquid 1 is positive and the charge 
polarity of the photoconductive drum 113 is positive, the 
voltage to be applied to the electrodeposition member 116 is 
made to have positive polarity lower than a charge potential 
of the photoconductive drum 113, and thereby the perovskite 
crystal particles are electrodeposited only onto the exposed 
portion of the photoconductive drum 113 (a reversal devel 
opment system in the electrophotographic technique). As 
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another example, when the charge polarity of the perovskite 
crystal particles in the photoelectric conversion material 
dispersion liquid 1 is positive and the charge polarity of the 
photoconductive drum 113 is negative, the voltage to be 
applied to the electrodeposition member 116 is made to have 
negative polarity lower than a potential of the exposed 
portion of the photoconductive drum 113, and thereby the 
perovskite crystal particles are electrodeposited only onto 
the unexposed portion of the photoconductive drum 113 (a 
regular development system in the electrophotographic tech 
nique). 
0059 For the transfer bias applying member 120, an 
arbitrary member capable of applying a voltage can be used. 
For example, by applying a Voltage while rotating conduc 
tive elastic rubber rollers in a state of abutting on the 
substrate with electrode 12, the pattern of the perovskite 
crystal particles on the photoconductive drum 113 can be 
transferred onto the substrate with electrode without dam 
aging the surface of the substrate with electrode 12. 
0060. The film forming apparatus 111 illustrated in FIG. 
11 further includes: a drying device 122; as a packing 
process device, a good solvent exposure device 123 and a 
heating pressurizing device 124. Using the drying device 
122 makes it possible to shorten a drying time of a per 
ovskite crystal particle layer transferred onto the substrate 
with electrode 12. To the drying device 122, an arbitrary 
system such as a gas blowing system, a heating system, or 
an infrared system can be applied. For the packing process, 
it is possible to use a method in which the good solvent is 
exposed to the perovskite crystal particle layer, and then the 
substrate with electrode 12 is passed through between a pair 
of heat pressing members, at least one of which is heated, to 
thereby perform heating and pressuring, or the like. By 
performing at least one of the good solvent exposure and the 
heating and pressuring, a packing process effect can be 
obtained. 

0061 For the good solvent exposure device 123, it is 
possible to use a system of Supplying the good solvent in a 
liquid State to the perovskite crystal particle layer formed on 
the substrate with electrode 12, a system of supplying the 
good solvent in a gas state or a mist state, or the like. For 
example, there can be cited a system in which a container 
containing the good solvent therein is heated to generate 
vapor, an ultrasonic atomization system, a spray System, and 
the like. For the heat pressing members of the 
heating pressurizing device 124, for example, elastic rubber 
rollers each having a built-in heater therein can be used. It 
is possible to use a method in which these two rollers are 
disposed to face each other and the two rollers are pressed 
against each other while the substrate with electrode 12 
having the perovskite crystal particle layer being passed 
through between the two, or the like. When the surface of the 
rollers has a high release property, it is more preferable 
because it is possible to suppress a phenomenon in which the 
perovskite crystal particle layer adheres to the roller side. 
For example, it is possible to use a system of covering the 
surfaces of the rubber rollers with a thin tube formed of a 
fluorine-based material such as PTFE. 
0062 According to the film forming apparatus 111 illus 
trated in FIG. 11, it is possible to form the photoelectric 
conversion film by what is call a roll-to-roll method in which 
the substrate with electrode undergoes steps from the trans 
fer step to the packing step without pause. However, the film 
forming apparatus 111 with application of the electropho 
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tographic system is not limited to this, and can also use a 
system in which a single wafer substrate with electrode is 
used and each step is performed sequentially. Incidentally, a 
set step, a squeezing step, and the like in the electrophoto 
graphic technique may be provided between the electrode 
position step and the transfer step. The set step is a step of 
increasing adhesion between the photoconductive drum 113 
and the perovskite crystal particles. The Squeezing step is a 
step of Squeezing the redundant dispersion medium of the 
photoelectric conversion material dispersion liquid 1 on the 
photoconductive drum 113. Further, a cleaning step may be 
provided from the transfer step to the electrodeposition step. 
The cleaning step is a step of cleaning the perovskite crystal 
particles remaining on the photoconductive drum 113 after 
the transfer step. For the set step, the squeezing step, and the 
cleaning step, arbitrary steps used generally in the electro 
photographic technique can be used. Incidentally, already 
known pattern film forming methods using an electrostatic 
force other than the electrophotographic system may be 
used, and an ion flow system and the like can be cited. 

Photoelectric Conversion Device 
0063) Next, there is explained an embodiment of the 
photoelectric conversion device with reference to the draw 
ings. In the following, there will be mainly described an 
embodiment in which the photoelectric conversion device is 
applied to a photovoltaic module. However, the photoelec 
tric conversion device of the embodiment is not limited to 
this. The photoelectric conversion device of the embodiment 
can be applied to a photosensor, a light emitting element, a 
photodiode, an optical memory, and so on other than the 
photovoltaics. Further, in the following, a photovoltaic mod 
ule in which a plurality of strip-shaped cells are arranged and 
formed and the plural cells are connected in series will be 
mainly described, but the photovoltaic module may be a 
photovoltaic module having a single large area cell. The 
same is true of other photoelectric conversion devices. 
0064 FIG. 12 illustrates a photovoltaic module to which 
the photoelectric conversion device of the embodiment is 
applied. A photovoltaic module 21 illustrated in FIG. 12 
includes a plurality of cell parts 22A and 22B connected in 
series. On a Supporting Substrate 23, a plurality of separated 
transparent electrodes (first electrodes) 24A and 24B are 
formed. On the transparent electrodes 24A and 24B, pho 
toelectric conversion films 26A and 26B are formed respec 
tively via first intermediate layers 25A and 25B. On the 
photoelectric conversion films 26A and 26B, counter elec 
trodes (second electrodes) 28A and 28B are formed respec 
tively via second intermediate layers 27A and 27B. The first 
and second intermediate layers 25A, 25B, 27A, and 27B are 
provided according to need. The counter electrode (second 
electrode) 28A of the cell part 22A is electrically connected 
to the transparent electrode (first electrode) 24B of the cell 
part 22B. 
0065. The photoelectric conversion films 26 (26A and 
26B) each are the perovskite crystal layer formed by the film 
forming method of the embodiment using the photoelectric 
conversion material dispersion liquid of the aforesaid 
embodiment, and the perovskite crystal layer preferably 
contains the charge imparting agent. The thickness of the 
photoelectric conversion films 26 preferably falls within a 
range of 10 to 1000 nm. Light such as sunlight or illumi 
nation light is emitted to the photoelectric conversion films 
26 from the supporting substrate 23 side, for example. When 
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the photoelectric conversion films 26 made of the perovskite 
crystal layer absorb the light emitted to the photovoltaic 
module 21, a hole and its paired electron are generated. Out 
of generated electrons and holes, for example, the electrons 
are collected in the transparent electrodes (first electrodes) 
24 (24A and 24B) via an electron transport layer as the first 
intermediate layers 25 (25A and 25B), and the holes are 
collected in the counter electrodes (second electrodes) 28 
(28A and 28B) via a hole transport layer as the second 
intermediate layers 27 (27A and 27B). 
0066. The supporting substrate 23 is formed of a material 
having insulating performance. When the light from the 
Supporting Substrate 23 side is used, the Supporting Substrate 
23 is formed of a material having a light transmission 
property. As the constituent material of the Supporting 
Substrate 23, an inorganic material Such as non-alkali glass, 
quartz glass, or Sapphire, or an organic material Such as 
polyethylene (PE), polyethylene terephthalate (PET), poly 
ethylene naphthalate (PEN), polyimide, polyamide, poly 
amide-imide, or a liquid crystal polymer is used. The Sup 
porting Substrate 23 may be a rigid substrate formed of an 
inorganic material or an organic material, or may be a 
flexible substrate formed of an organic material or a very 
thin inorganic material. 
0067. The first electrodes 24 are formed of a material 
having a light transmission property and conductivity when 
the light from the supporting substrate 23 side is used. As the 
constituent material of the first electrodes 24, there can be 
cited a conductive metal oxide such as indium oxide, Zinc 
oxide, tin oxide, indium tin oxide (ITO), fluorine-doped tin 
oxide (FTO), indium-zinc oxide (IZO), or indium-gallium 
Zinc oxide (IGZO), metal Such as gold, platinum, silver, 
copper, titanium, Zirconium, cobalt, nickel, indium, or alu 
minum, or an alloy containing any of these metals, a 
conductive polymer Such as poly(3, 4-ethylenedioxythio 
phene)/poly(4-styrenesulfonate) (PEDOT/PSS), and the 
like. The first electrodes 24 are formed by, for example, a 
vacuum deposition method, a sputtering method, an ion 
plating method, a plating method, a coating method, or the 
like. 

0068. The electron transport layer has functions to block 
the hole generated in the photoelectric conversion films 26 
and to selectively and efficiently transport the electron to the 
first electrode layers 24, and the like. For the electron 
transport layer, a metal oxide Such as Zinc oxide, titanium 
oxide, or gallium oxide, an organic material Such as poly 
ethyleneimine, or the like is used. The hole transport layer 
has functions to block the electron generated in the photo 
electric conversion films 26 and to selectively and efficiently 
transport the hole to the second electrode layers 28, and the 
like. For the hole transport layer, there is used an organic 
conductive polymer such as PEDOT/PSS, polythiophene, 
polypyrrole, triphenylenediaminepolypyrrole, or polyani 
line, a metal oxide Such as tungsten oxide, molybdenum 
oxide, or vanadium oxide, fullerene hydride Such as CoHo 
or CoH fullerene oxide being oxidized Co or Co., a 
fullerene metal complex, or a fullerene derivative such as 
6,6phenylC butyric acid methylester (PC60BM), 6.6 
phenylC, butyric acid methylester (PC70BM), or bis-in 
deneco (60ICBA). The electron transport layer and the hole 
transport layer are formed by a vacuum film forming method 
Such as a vacuum deposition method or a sputtering method, 
a Sol gel method, a coating method, or the like. 
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0069. The second electrodes 28 (28A and 28B) are 
formed of a material having conductivity, and in Some case, 
having a light transmission property. As the constituent 
material of the second electrodes 28, there can be cited, for 
example, metal Such as platinum, gold, silver, copper, 
nickel, cobalt, iron, manganese, tungsten, titanium, Zirco 
nium, tin, Zinc, aluminum, indium, chromium, lithium, 
Sodium, potassium, rubidium, cesium, calcium, magnesium, 
barium, Samarium, or terbium, an alloy containing any of 
these, a conductive metal oxide Such as indium-zinc oxide 
(IZO), a conductive polymer such as PEDOT/PSS, and a 
carbon material Such as graphene or a carbon nanotube, and 
the like. The second electrodes 28 are formed by, for 
example, a vacuum film forming method such as a vacuum 
deposition method or a sputtering method, a Sol gel method, 
a coating method, or the like. 
0070. In the photoelectric conversion device 21 of the 
embodiment, the perovskite crystal layer formed by the film 
forming method of the embodiment using the photoelectric 
conversion material dispersion liquid of the aforesaid 
embodiment is applied to the photoelectric conversion films 
26, so that it is possible to achieve the area enlargement of 
the photoelectric conversion films 26. Further, the photo 
electric conversion material dispersion liquid of the embodi 
ment, particularly, the photoelectric conversion material 
dispersion liquid containing the charge imparting agent is 
excellent in pattern film forming property, so that it is 
possible to enhance formability of the photoelectric conver 
sion films 26 of such a case when a plurality of cells 
(modules) are connected in series as illustrated in FIG. 12. 
Accordingly, it becomes possible to provide a photoelectric 
conversion device in which a plurality of cells are connected 
in series to thereby Suppress performance deterioration 
caused by area enlargement. 
0071 FIG. 13 is a view illustrating another example of 
the photoelectric conversion device (photovoltaic module) 
of the embodiment. FIG. 13 illustrates counter electrodes 28 
of a photoelectric conversion device 21. The photoelectric 
conversion device 21 includes a plurality of sector-shaped 
cell parts, and these cell parts are disposed radially and are 
connected in series. The plural cell parts include sector 
shaped counter electrodes 28A, 28B, 28C, and 28D respec 
tively. Such a circular series module is suitable for photo 
voltaics intended for wrist watch. By combining the 
photoelectric conversion material dispersion liquid of the 
embodiment with, for example, the film forming method of 
the electrophotographic system, a photoelectric conversion 
film having an arbitrary pattern shape can be formed, 
resulting in that it becomes possible to produce and provide 
photoelectric conversion devices having various shapes. 
0072 Next, there will be described examples and evalu 
ation results thereof. 

Example 1 

0073. In Example 1, the film forming apparatus 101 
illustrated in FIG. 6 and FIG. 7 was used to form a 
perovskite photoelectric conversion film having a power 
generation portion area of 10 mmx10 mm, and with use of 
it, perovskite photovoltaics were fabricated. First, as a 
Supporting Substrate with transparent electrode, a non-alkali 
glass substrate of 100 mmx100 mm having an ITO layer was 
prepared, and as a pretreatment, UV oZone cleaning was 
performed. 
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0074. On the non-alkali glass substrate having the ITO 
layer, as a first intermediate layer, a PEDOTSS layer having 
a thickness of about 50 nm was film formed as follows. On 
the stage of the meniscus coating apparatus illustrated in 
FIG. 6 and FIG. 7, the above-described substrate was 
disposed. The coating head was disposed above the Substrate 
to have a 0.3 mm gap therebetween. Then, a PEDOTSS ink 
was Supplied to spread over the entire region in the width 
direction of the coating head by using the Supply device. The 
stage was moved in the horizontal direction at a speed of 4 
mm/s in a state where the position of the coating head was 
fixed, to thereby film form the PEDOTPSS layer. Thereaf 
ter, drying was performed at 120° C. for 30 minutes. As the 
PEDOTPSS, Clevios AI4083 produced by Heraeus Holding 
GmbH was used. Hereinafter, the non-alkali glass substrate 
having the ITO layer and the PEDOTPSS layer will be 
described as a substrate to be processed. 
0075) Next, a perovskite crystal layer was film formed on 
the substrate to be processed as follows. First, a perovskite 
material dispersion liquid was produced as follows. To 100 
mL of acetonitrile, 30.4 mg of methylammonium iodide 
(CH-NHI) and 88 mg of lead iodide (Pb) were added to 
prepare a solution, and this was filled into a microsyringe. In 
a sample bottle in which Isopar L. (registered trademark 
produced by Exxon Mobil Corporation) was put and was 
being stirred, a needle of the microsyringe was immersed 
and the perovskite material Solution was injected there 
through. A lid of the sample bottle was opened and the 
sample bottle was heated at 60° C. for 30 minutes while 
stirring the perovskite material solution. After being brought 
back to room temperature, the resultant went through a filter 
having a pore diameter of 5 um, and thereby the perovskite 
material dispersion liquid was prepared. The average par 
ticle diameter found by laser diffraction/scattering particle 
size distribution measurement was about 280 nm. 

(0076 Similarly to the PEDOT:PSS layer, the perovskite 
crystal layer was film formed using the meniscus coating 
apparatus. The film forming was performed under a nitrogen 
atmosphere. The gap between the Substrate to be processed 
and the coating head was set to 0.88 mm, the moving speed 
of the stage was set to 10 mm/s, and the perovskite material 
dispersion liquid was applied on the Substrate to be pro 
cessed, to be dried naturally. Then, by performing heating at 
90° C. for two hours under a nitrogen atmosphere, a packing 
process of the perovskite crystal layer was performed. The 
thickness of the perovskite crystal layer after the packing 
process was about 400 nm. 
(0077. Then, as a second intermediate layer, a PC60BM 
layer having a thickness of about 100 nm was film formed 
as follows. To 1 mL of monochlorobenzene, 20 mg of 
PC60BM was added to be stirred, to thereby produce a 
PC60BM dispersion liquid. The PC60BM layer was film 
formed using the meniscus coating apparatus. The film 
forming was performed under a nitrogen atmosphere. The 
gap between the Substrate to be processed and the coating 
head was set to 0.88 mm, the moving speed of the stage was 
set to 8 mm/s, and the PC60BM dispersion liquid was 
applied on the substrate to be processed, to be dried natu 
rally. Then, as a third intermediate layer, a BCP (2.9- 
dimethyl-4,7-diphenyl-1,10-phenanthroline (bathocu 
proine)) layer having a thickness of about 10 nm, and as a 
second electrode layer, an Ag layer having a thickness of 
about 60 nm were film formed by a vacuum deposition 
method. 
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0078 Power conversion efficiency of the perovskite pho 
tovoltaics fabricated in this manner was measured to reveal 
that the power conversion efficiency was 5.7% being an 
average value of three samples. The measurement of the 
power conversion efficiency was performed by using a Solar 
simulator with a reference spectrum of 100 mW/cm irra 
diance and 1.5 G air mass (AM). The same is true of the 
following examples and comparative examples. 

Comparative Example 1 

0079 Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
Example 1 except for the film forming process of the 
perovskite layer. To 1 mL of dimethylformamide (DMF), 
185 mg of CH-NHI and 538 mg of PbI, were added to be 
stirred, and further the resultant went through a filter having 
a pore diameter of 5 and thereby a perovskite material 
solution was prepared. The film forming of the perovskite 
layer was performed using the meniscus coating apparatus. 
The film forming was performed under a nitrogen atmo 
sphere. The gap between the substrate to be processed and 
the coating head was set to 0.88 mm, the moving speed of 
the stage was set to 10 mm/s, and the perovskite solution was 
applied on the substrate to be processed, to then be dried 
forcibly by blowing nitrogen over a liquid film. The homo 
geneous perovskite layer can be film formed as compared to 
natural drying. Thereafter, by performing heating at 80° C. 
for two hours, crystallization of the perovskite layer was 
advanced. Further, similarly to Example 1, by performing 
heating at 90° C. for two hours under a nitrogen atmosphere, 
a packing process of the perovskite layer was performed. 
The thickness of the perovskite layer was about 400 nm 
similarly to Example 1. Power conversion efficiency of 
perovskite photovoltaics fabricated in this manner was 5.5% 
being an average value of three samples. A power conver 
sion efficiency improved ratio of Example 1 to Comparative 
example 1 was 1.04. 

Example 2 

0080 Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
Example 1 except for the packing process of the perovskite 
layer. For the packing process, a solvent vapor exposure 
method was used. A small amount of DMF was dropped into 
a container in a nitrogen atmosphere, and further a substrate 
obtained after the perovskite material dispersion liquid was 
applied thereon to be dried naturally was put in the con 
tainer, and the container was sealed hermetically to be left to 
stand for 10 minutes, and thereby the packing process by the 
solvent vapor exposure was performed. Power conversion 
efficiency of perovskite photovoltaics fabricated in this 
manner was 6.4% being an average value of three samples, 
which was higher efficiency than Example 1. 

Comparative Example 2 

0081 Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
Example 2 except for the film forming process of the 
perovskite layer. The film forming of the perovskite layer 
was performed in the same manner as in Comparative 
example 1. Thereafter, similarly to Example 2, a packing 
process by solvent vapor exposure was performed and film 
forming of the perovskite layer was performed. Power 
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conversion efficiency of perovskite photovoltaics fabricated 
in this manner was 5.9% being an average value of three 
samples. A power conversion efficiency improved ratio of 
Example 2 to Comparative example 2 was 1.08. Further, this 
value was an improved ratio higher than that by the packing 
process by heating used in Example 1 and Comparative 
example 1. 

Example 3 
I0082 Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
Example 1 except for the packing process of the perovskite 
layer. For the packing process, pressurizing was used. In a 
nitrogen atmosphere, as a protection sheet, a PTFE sheet 
was put on the perovskite crystal layer side and the Substrate 
was sandwiched by two metal plates to be pressurized, and 
thereby the packing process was performed. The pressure 
during pressurizing was adjusted to a pressure to be about 30 
kg weight per 1 cm area of the substrate. Power conversion 
efficiency of perovskite photovoltaics fabricated in this 
manner was 6.5% being an average value of three samples, 
which was higher efficiency than Examples 1 and 2. 

Comparative Example 3 

I0083 Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
Example 3 except for the film forming process of the 
perovskite layer. The film forming of the perovskite layer 
was performed in the same manner as in Comparative 
example 1. Thereafter, similarly to Example 3, a packing 
process by pressurizing was performed and film forming of 
the perovskite layer was performed. Power conversion effi 
ciency of perovskite photovoltaics fabricated in this manner 
was 5.9% being an average value of three samples. A power 
conversion efficiency improved ratio of Example 3 to Com 
parative example 3 was 1.10. This value was an improved 
ratio higher than that by the packing process by heating used 
in Example 1 and Comparative example 1 and by the 
packing process by solvent vapor exposure used in Example 
2 and Comparative example 2. 

Example 4 
I0084. Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
Example 1 except for the packing process of the perovskite 
layer. For the packing process, three of solvent vapor 
exposure, heating, and pressurizing were used in combina 
tion. After the solvent vapor exposure was performed under 
the same condition as in Example 2, as soon as being taken 
out from a solvent vapor container, the Substrate was pres 
surized by two metal plates heated to 90° C. The pressur 
izing condition was set to the same as in Example 3. Power 
conversion efficiency of perovskite photovoltaics fabricated 
in this manner was 7.2% being an average value of three 
samples, which was higher efficiency than Examples 1 to 3. 

Comparative Example 4 
I0085 Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
Example 4 except for the film forming process of the 
perovskite layer. The film forming of the perovskite layer 
was performed in the same manner as in Comparative 
example 1. Thereafter, similarly to Example 4, a packing 
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process using three of solvent vapor exposure, heating, and 
pressurizing in combination was performed. Power conver 
sion efficiency of perovskite photovoltaics fabricated in this 
manner was 5.9% being an average value of three samples. 
A power conversion efficiency improved ratio of Example 4 
to Comparative example 4 was 1.22. This value was an 
improved ratio higher than that by the packing process by 
heating used in Example 1 and Comparative example 1, by 
the packing process by solvent vapor exposure used in 
Example 2 and Comparative example 2, and by the packing 
process by pressurizing used in Example 3 and Comparative 
example 3. 

Example 5 

I0086 Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
Example 4 except that the power generation portion area 
was set to 12x50 mm. Power conversion efficiency of 
perovskite photovoltaics fabricated in this manner was 6.7% 
being an average value of three samples. 

Comparative Example 5 

0087 Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
Example 5 except for the film forming process of the 
perovskite layer. The film forming of the perovskite layer 
was performed in the same manner as in Comparative 
example 1. Power conversion efficiency of perovskite pho 
tovoltaics fabricated in this manner was 2.3% being an 
average value of three samples. A power conversion effi 
ciency improved ratio of Example 5 to Comparative 
example 5 was 2.91. This value was an improved ratio much 
higher than that in the case when the photovoltaic cell 
having a small power generation portion area explained in 
Example 4 and Comparative example 4 was used. That is, in 
the case of the film forming method using the perovskite 
material solution, the film properties are low in uniformity, 
so that as the formed film area increases, the power conver 
sion efficiency decreases significantly. In contrast to this, in 
the case of the film forming method using the perovskite 
material dispersion liquid, the film properties are high in 
uniformity, so that even when the formed film area increases, 
the power conversion efficiency does not decrease easily. 

Example 6 

0088 Fabrication and evaluation of a perovskite photo 
Voltaic module were performed in the same manner as in 
Example 5 except that the device type was changed to a 
series module from a cell and with this change, the film 
forming method was changed to pattern film forming. The 
PEDOTPSS layer being the first intermediate layer and the 
perovskite crystal layer were pattern film formed using the 
film forming apparatus 101 illustrated in FIG. 8 and FIG. 9. 
The structure of the photovoltaic module is one in which 
adjacent cells are connected in series as illustrated in FIG. 
12. Power conversion efficiency of perovskite photovoltaics 
fabricated in this manner was 5.5% being an average value 
of three samples. The power generation portion area of a 
single cell in the serial module is set to 12x50mm similarly 
to Example 5, and a ratio of the power generation portion 
area to a light irradiated area, namely a numerical aperture 
ratio is 94%. 
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Comparative Example 6 

I0089 Fabrication and evaluation of a perovskite photo 
Voltaic module were performed in the same manner as in 
Example 6 except for the film forming process of the 
perovskite layer. To the film forming process of the per 
ovskite layer, the method using the perovskite material 
solution was applied. When the pattern film forming was 
performed by the method using the perovskite material 
Solution, a phenomenon in which a coating film spreads 
occurred, resulting in that the perovskite layer was film 
formed even on a series connection portion. The power 
conversion efficiency was 0.1%, and after all, Comparative 
example 6 did not operate as photovoltaics. As compared to 
the method using the perovskite material dispersion liquid, 
pattern accuracy of the method using the Solution is low. As 
causes of the phenomenon in which a coating film spreads, 
a difference in wettability of a coating liquid with respect to 
a film forming object, a difference in presence/absence of 
ions in the coating liquid, a difference in presence/absence 
of a crystal growth phenomenon, a difference in Viscosity of 
the coating liquid, a difference in solvent drying speed of the 
coating liquid, and the like are thought. 

Example 7 

0090. Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
Example 1 except for using electrodeposition for the film 
forming of the perovskite layer. The electrodeposition pro 
cess was performed using a film forming apparatus illus 
trated in FIG. 14. A supporting substrate 23 with electrode 
(24) having had a first intermediate layer 25 film formed 
thereon and a base for electrodeposition 32 having a counter 
electrode for electrodeposition 31 thereon were faced to 
each other with a spacer 33 disposed therebetween. The 
perovskite material dispersion liquid 1 was injected into a 
gap between the both described above, a Voltage was applied 
between the first electrode 24 and the counter electrode for 
electrodeposition 31 from a power supply 34, and thereby 
the perovskite crystal particles 3 were electrodeposited onto 
the first intermediate layer 25. 
(0091. The thickness of the spacer 33 was set to 0.5 mm, 
and the applied voltage was set to direct current 500 V. 
Thereafter, the base for electrodeposition 32 was removed 
and natural drying was performed. Similarly to Example 1, 
the packing process by heating was performed. The film 
thickness of the perovskite crystal layer was about 400 nm. 
Power conversion efficiency of perovskite photovoltaics 
fabricated in this manner was 6.2% being an average value 
of three samples. This value was of course high as compared 
to Comparative example 1, and was a value much higher 
than that of Example 1 in which the perovskite crystal layer 
was film formed by coating. At the time of the electrode 
position process, a Voltage was applied so that the first 
electrode 24 became a negative electrode, to thereby elec 
trodeposit the perovskite crystal particles 3 onto the first 
electrode 24 side. That is, it is inferred that what is called a 
dielectrophoresis phenomenon in which the perovskite crys 
tal particles 3 migrate regardless of being positively charged 
or not being charged is occurring. 

Example 8 

0092 Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
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Example 7 except for adding the charge imparting agent to 
the perovskite material dispersion liquid. As the charge 
imparting agent, a mineral spirit Solution of Zirconium 
naphthenate (metal content 6%) was used. The added 
amount of the charge imparting agent was set so that the 
mineral spirit solution of Zirconium naphthenate becomes 3 
parts by mass relative to 97 parts by mass of the perovskite 
material in the perovskite material dispersion liquid. Power 
conversion efficiency of perovskite photovoltaics fabricated 
in this manner was 6.4% being an average value of three 
samples. This value was of course high as compared to 
Example 1, and was a value much higher than that of 
Example 7 with no charge imparting agent added to the 
perovskite material dispersion liquid. At the time of the 
electrodeposition process, a Voltage was applied so that the 
first electrode 24 became a negative electrode, to thereby 
electrodeposit the perovskite crystal particles 3 onto the first 
electrode 24 side. That is, it is inferred that due to addition 
of the charge imparting agent, the perovskite crystal par 
ticles 3 are positively charged. 

Example 9 

0093 Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
Example 8 except for the packing process of the perovskite 
layer. To the packing process, similarly to Example 2, the 
Solvent vapor exposure was applied. Power conversion 
efficiency of perovskite photovoltaics fabricated in this 
manner was 6.9% being an average value of three samples. 
A power conversion efficiency improved ratio of Example 9 
to Comparative example 2 was 1.17. This value was an 
improved ratio much higher than that by the coating film 
forming using the perovskite material dispersion liquid 
explained in Example 2 and Comparative example 2. 

Example 10 

0094. Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
Example 8 except for the packing process of the perovskite 
layer. To the packing process, similarly to Example 3, the 
pressurizing was applied. Power conversion efficiency of 
perovskite photovoltaics fabricated in this manner was 7.1% 
being an average value of three samples. A power conver 
sion efficiency improved ratio of Example 10 to Compara 
tive example 3 was 1.20. This value was an improved ratio 
much higher than that by the coating film forming using the 
perovskite material dispersion liquid explained in Example 
3 and Comparative example 3. 

Example 11 

0095 Fabrication and evaluation of a perovskite photo 
Voltaic cell were performed in the same manner as in 
Example 8 except for the packing process of the perovskite 
layer. For the packing process, similarly to Example 4, the 
Solvent vapor exposure, the heating, and the pressurizing 
were used in combination. Power conversion efficiency of 
perovskite photovoltaics fabricated in this manner was 7.4% 
being an average value of three samples. A power conver 
sion efficiency improved ratio of Example 11 to Compara 
tive example 4 was 1.20. This value was an improved ratio 
much higher than that by the coating film forming using the 
perovskite material dispersion liquid explained in Example 
4 and Comparative example 4. 
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Example 12 

0096 Fabrication and evaluation of a perovskite photo 
Voltaic module were performed in the same manner as in 
Example 11 except that the device type was changed to a 
series module from a cell and with this change, the elec 
trodeposition method of the perovskite crystal layer was 
changed. First, to the PEDOT:PSS layer being the first 
intermediate layer, similarly to Example 6, the pattern film 
forming by meniscus coating was applied. For the electrode 
position of the perovskite crystal layer. Such a pattern 
electrodeposition process as illustrated in FIG. 15 was used. 
The supporting substrate 23 with electrodes (24) having had 
the first intermediate layers 25 film formed thereon and the 
base for electrodeposition 32 having the counter electrodes 
for electrodeposition 31 thereon were faced to each other 
with the spacer 33 disposed therebetween. At this time, sizes 
and positional relations of the first electrodes 24 and the 
counter electrodes for electrodeposition 31 are set appropri 
ately, thereby making it possible to prevent the perovskite 
crystal particles 3 from being electrodeposited onto part of 
each of the first electrodes 24, namely to expose part of each 
of the first electrodes 24 or each of the first intermediate 
layers 25, so that it is possible connect a plurality of cells in 
S1’S. 

0097 Power conversion efficiency of perovskite photo 
voltaics fabricated in this manner was 5.7% being an aver 
age value of three samples. This value was of course high as 
compared to Comparative example 6, and was a value much 
higher than that of Example 6 in which the perovskite 
material dispersion liquid was film formed by coating. After 
the electrodeposition process, in the same manner as 
explained in Example 7, the base for electrodeposition 32 
was removed and natural dying was performed. On this 
occasion, the Voltage application and the removal of the base 
for electrodeposition 32 are preferably performed in a state 
where the supporting substrate 23 is positioned above and 
the base for electrodeposition 32 is positioned below as 
illustrated in FIG. 15 so as to prevent the redundant per 
ovskite crystal particles 3 that are not electrodeposited from 
adhering to the Supporting Substrate 23. 

Example 13 

0.098 Fabrication and evaluation of a perovskite photo 
Voltaic module were performed in the same manner as in 
Example 12 except that the pattern film forming of the 
perovskite crystal layer was changed to an electrophoto 
graphic system in the atmosphere and the packing process 
was performed in the atmosphere. The perovskite crystal 
layer was pattern film formed using the film forming appa 
ratus 111 illustrated in FIG. 11. For the photoconductor, an 
amorphous silicon photoconductor was used. For the corona 
charger, a positive charging type was used, and was set so as 
to make a Surface potential of the photoconductor become 
900 V. For the exposure device, a laser system was used, and 
was set so as to make a surface potential of a photoconductor 
of a exposure portion become 100 V. The gap between the 
electrodeposition roller and the photoconductor was set to 
0.5 mm, and the voltage to be applied to the electrodeposi 
tion roller was set to 600 V. The voltage to be applied to the 
transfer bias roller was set to -800 V. 
0099. The perovskite crystal particles transferred onto the 
substrate with electrode were dried by a blower. Subse 
quently, a container having had DMF put thereinto was 
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heated to 60° C. to generate vapor, and immediately above 
the container, the Supporting Substrate having the perovskite 
crystal layer was passed by, thereby being exposed to the 
good solvent vapor. Subsequently, by pressing the heated 
elastic rollers against the Supporting Substrate, heating and 
pressurizing were performed. The temperature and the pres 
sure were set to 90° C. and a pressure to be about 30 kg 
weight per 1 cm area of the substrate respectively. Power 
conversion efficiency of perovskite photovoltaics fabricated 
in this manner was 4.5% being an average value of three 
samples, and it was confirmed that Example 13 operates 
Sufficiently as photovoltaics. 

Example 14 
0100 Fabrication and evaluation of a perovskite photo 
Voltaic module were performed in the same manner as in 
Example 13 except that the shape of the module was set to 
the irregular shape illustrated in FIG. 13. The irregular 
shaped series module illustrated in FIG. 13 is one fabricated 
in the motif of a photovoltaic module intended for wrist 
watch and is one in which four sector-shaped cells are 
connected in series. Power conversion efficiency of per 
ovskite photovoltaics fabricated in this manner was 5.1% 
being an average value of three samples, and it was con 
firmed that Example 14 operates sufficiently as photovolta 
ics. The pattern film forming of an irregular shape Such as a 
sector shape is difficult to be performed by such a film 
forming method as the meniscus coating method. The elec 
trophotographic system also suits the irregular-shaped pat 
tern film forming. 
0101 While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inven 
tions. Indeed, the novel methods described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
methods described herein may be made without departing 
from the spirit of the inventions. The accompanying claims 
and their equivalents are intended to cover Such forms or 
modifications as would fall within the scope and spirit of the 
inventions. 
What is claimed is: 
1. A photoelectric conversion material dispersion liquid, 

comprising: 
perovskite crystal particles having a composition repre 

sented by a composition formula: ABX, wherein A is 
a monovalent cation of an amine compound, B is a 
divalent cation of a metal element, and X is a mon 
ovalent anion of a halogen element, and having an 
average particle diameter of 10 nm or more and 10000 
nm or less; and 

a dispersion medium which is composed of a poor solvent 
to the perovskite crystal particles, and in which the 
perovskite crystal particles are dispersed. 

2. The dispersion liquid of claim 1, wherein the amine 
compound is at least one selected from the group consisting 
of methylammonium and formamidinium, the metal element 
is at least one selected from the group consisting of lead and 
tin, and the halogen element is at least one selected from the 
group consisting of iodine, bromine, and chlorine. 

3. The dispersion liquid of claim 1, wherein the dispersion 
medium contains at least one selected from the group 
consisting of a Substituted or unsubstituted aliphatic hydro 
carbon having six or more carbons, a Substituted or unsub 
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stituted alicyclic hydrocarbon having five or more carbons, 
a halogenated hydrocarbon having four or more carbons, 
and silicone oil. 

4. The dispersion liquid of claim 1, further comprising: 
a charge imparting agent dispersed in the dispersion 

medium. 
5. A producing method of a photoelectric conversion 

material dispersion liquid, comprising: 
preparing a material of perovskite crystal particles having 

a composition represented by a composition formula: 
ABX, wherein A is a monovalent cation of an amine 
compound, B is a divalent cation of a metal element, 
and X is a monovalent anion of a halogen element; 

preparing a first liquid composed of a poor solvent to the 
perovskite crystal particles and a second liquid com 
posed of a solvent which has a solubility of the per 
ovskite crystal particles higher than a solubility of the 
first liquid and has a vapor pressure higher than a vapor 
pressure of the first liquid; 

dissolving the material in the second liquid to fabricate a 
first mixed solution; 

mixing the first mixed solution and the first liquid together 
to fabricate a second mixed solution; and 

evaporating the second liquid from the second mixed 
Solution and crystallizing the material dissolved in the 
second liquid to generate the perovskite crystal par 
ticles, to obtain a dispersion liquid having the per 
ovskite crystal particles dispersed in the first liquid. 

6. The producing method of claim 5, further comprising: 
adding a charge imparting agent into the dispersion liquid. 
7. A producing method of a photoelectric conversion film, 

comprising: 
forming a photoelectric conversion film containing the 

perovskite crystal particles on a film forming object by 
causing the photoelectric conversion material disper 
sion liquid according to claim 1 to adhere on the film 
forming object. 

8. The producing method of claim 7, further comprising: 
at least one of exposing the photoelectric conversion film 

to a good solvent of the perovskite crystal particles, 
heating the photoelectric conversion film, and pressur 
izing the photoelectric conversion film. 

9. The producing method of claim 7. 
wherein the film forming includes: 

disposing a coating head above the film forming object; 
forming a meniscus column of the photoelectric con 

version material dispersion liquid between the film 
forming object and the coating head; and 

moving at least one of the film forming object and the 
coating head to apply the photoelectric conversion 
material dispersion liquid on the film forming object 
from the meniscus column. 

10. The producing method of claim 7. 
wherein the film forming includes: 

Supplying the photoelectric conversion material disper 
sion liquid between the film forming object and a 
counter electrode for electrodeposition; and 

applying a Voltage to the film forming object and the 
counter electrode to electrodeposit the perovskite 
crystal particles in the photoelectric conversion 
material dispersion liquid onto the film forming 
object. 
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11. The producing method of claim 7. 
wherein the film forming includes: 

forming an electrostatic pattern on an electrostatic 
pattern Support body; 

Supplying the photoelectric conversion material disper 
sion liquid on the electrostatic pattern Support body 
to form a pattern of the perovskite crystal particles 
according to the electrostatic pattern; and 

transferring the pattern of the perovskite crystal par 
ticles onto the film forming object. 

12. A producing apparatus of a photoelectric conversion 
film, comprising: 

a film forming mechanism which causes the photoelectric 
conversion material dispersion liquid according to 
claim 1 to adhere on a film forming object, 

wherein a photoelectric conversion film containing the 
perovskite crystal particles is formed on the film form 
ing object. 

13. The producing apparatus of claim 12, further com 
prising: 

at least one of a mechanism which exposes the photo 
electric conversion film to a good solvent of the per 
ovskite crystal particles, a mechanism which heats the 
photoelectric conversion film, and a mechanism which 
pressurizes the photoelectric conversion film. 

14. The producing apparatus of claim 12, 
wherein the film forming mechanism includes: 

a coating head disposed above the film forming object; 
a Supply mechanism which Supplies the photoelectric 

conversion material dispersion liquid between the 
film forming object and the coating head to form a 
meniscus column of the photoelectric conversion 
material dispersion liquid; and 

a moving mechanism which moves at least one of the 
coating head and the film forming object to apply the 
photoelectric conversion material dispersion liquid 
on the film forming object from the meniscus col 
l, 

15. The producing apparatus of claim 12, 
wherein the film forming mechanism includes: 

a counter electrode for electrodeposition disposed to 
face the film forming object; and 

Mar. 16, 2017 

a mechanism which applies a Voltage to the film 
forming object and the counter electrode in a state 
where the photoelectric conversion material disper 
sion liquid is Supplied between the film forming 
object and the counter electrode, 

wherein the perovskite crystal particles in the photoelec 
tric conversion material dispersion liquid are electrode 
posited onto the film forming object by applying the 
Voltage. 

16. The producing apparatus of claim 12, 
wherein the film forming mechanism includes: 

an electrostatic pattern Support body; 
a mechanism which forms an electrostatic pattern on 

the electrostatic pattern Support body; 
a mechanism which Supplies the photoelectric conver 

sion material dispersion liquid to the electrostatic 
pattern Support body having the electrostatic pattern 
thereon to form a pattern of the perovskite crystal 
particles according to the electrostatic pattern; and 

a mechanism which transfers the pattern of the per 
ovskite crystal particles onto the film forming object. 

17. A photoelectric conversion device, comprising: 
a Substrate; 
a first electrode disposed on the substrate; 
a photoelectric conversion film, disposed on the first 

electrode, containing perovskite crystal having a com 
position represented by a composition formula: ABX. 
wherein A is a monovalent cation of an amine com 
pound, B is a divalent cation of a metal element, and X 
is a monovalent anion of a halogen element, and a 
charge imparting agent; and 

a second electrode disposed on the photoelectric conver 
sion film. 

18. The device of claim 17, wherein the amine compound 
is at least one selected from the group consisting of meth 
ylammonium and formamidinium, the metal element is at 
least one selected from the group consisting of lead and tin, 
and the halogen element is at least one selected from the 
group consisting of iodine, bromine, and chlorine. 
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