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PHOTOELECTRIC CONVERSION ELEMENT,
METHOD FOR MANUFACTURING
PHOTOELECTRIC CONVERSION ELEMENT,
AND ELECTRONIC APPARATUS

[0001] This is a Continuation of application Ser. No.
13/360,245 filed Jan. 27, 2012, which is a Continuation of
application Ser. No. 11/624,925 filed Jan. 19, 2007, which
claims priority to Japanese Patent Application No. 2006-
034548 filed Feb. 10, 2006. The disclosures of the prior
applications are hereby incorporated by reference herein in
their entities.

1. TECHNICAL FIELD

[0002] The present invention relates to a photoelectric con-
version element, a method for manufacturing a photoelectric
conversion element, and an electronic apparatus.

2. RELATED ART

[0003] Photoelectric conversion elements using silicon, so-
called solar cells conventionally have attracted attentions as
an environmentally-friendly power source. Though solar
cells using silicon include a single-crystalline solar cell to be
used for an artificial satellite and the like, a polycrystalline
silicon solar cell and an amorphous silicon solar cell have
come into commercial and household use for practical pur-
poses.

[0004] However, such silicon solar cells usually need high
production cost and much energy for manufacturing, so that
they have not necessarily been energy-saving power sources.
[0005] A dye-sensitized solar cell is proposed as a next-
generation solar cell developed as an alternative to above
solar cells, as an example of JP-A-2002-175844. The dye-
sensitized solar cell needs low cost and low energy for manu-
facturing thereof.

[0006] However, since the dye-sensitized solar cell has a
structure that dye simply adsorbs to a semiconductor layer,
there is such a problem that generated electrons (carriers) can
not efficiently be transferred and taken out to an external
circuit.

SUMMARY

[0007] An advantage of the present invention is to provide
a photoelectric conversion element, a method for manufac-
turing a photoelectric conversion element, and an electronic
apparatus. The photoelectric conversion element provides a
high photoelectric conversion. In the method, the photoelec-
tric conversion element can be manufactured in a simple
process, in a manner that variations of each element are sup-
pressed. The electronic apparatus includes the photoelectric
conversion element and has high reliability.

[0008] The present invention achieves as follows.

[0009] A photoelectric conversion element according to a
first aspect of the invention includes a first electrode, a second
electrode, and a photoelectric conversion element provided
between the first electrode and the second electrode. The
photoelectric conversion element includes a polymer. The
polymer includes at least one light absorber which absorbs
light and generates at least one kind of carrier. An end part of
the polymer combines with a surface, which faces the second
electrode, of the first electrode.

[0010] In the above photoelectric conversion element, the
polymer including the light absorber combines with the first

Apr. 24,2014

electrode, so that a carrier generated in the light absorber can
transfer rapidly to the first electrode, providing a photoelec-
tric conversion element by which a high photoelectric con-
version rate can be obtained.

[0011] In the photoelectric conversion element, the poly-
mer may include the light absorber on a side chain branching
from a main chain.

[0012] The polymer including the light absorber on the side
chain thereof can control a polymerization with relative ease,
and control a number of the light absorbers included in the
polymer to some extent. Therefore, the photoelectric conver-
sion rate can be made as desired.

[0013] In the photoelectric conversion element, the light
absorber may include a coumarin skeleton.

[0014] A compound including the coumarin skeleton is
generally robust and relatively stable in a scientific manner,
providing a photoelectric conversion element which has an
excellent durable number and the like.

[0015] In the photoelectric conversion element, the poly-
mer preferably includes at least one carrier mediating part on
a position closer to the first electrode compared to the light
absorber. The carrier mediating part mediates a transfer of a
carrier generated in the light absorber to the first electrode.
[0016] Selecting the carrier mediating part appropriately
makes it possible to control a transfer rate of a carrier from the
light absorber to the first electrode and a reverse transfer rate
of a carrier from the first electrode.

[0017] In the photoelectric conversion element, a part of a
main chain of the polymer may work as the carrier mediating
part.

[0018] Using a part of the main chain of the polymer as the

carrier mediating part makes it possible also to use an inter-
action through a bond to the carrier transfer (through-bond
interaction), enabling the carrier to transfer more rapidly and
more reliably to the first electrode.

[0019] In the above photoelectric conversion element, the
carrier mediating part preferably includes a fullerene skel-
eton.

[0020] Since the fullerene skeleton has an excellent elec-
tron-accepting property, the polymer works as a cascade elec-
tron transfer system. The carrier can transfer rapidly from the
light absorber to the first electrode and a reverse electron
transfer from the first electrode can be suppressed. Therefore,
a longer operating life in a charge-separated state can be
expected.

[0021] In addition, the fullerene skeleton included in the
carrier mediating part can absorb light and generate a carrier,
as well.

[0022] A method for manufacturing a photoelectric conver-
sion element according to a second aspect of the invention
includes a) supporting a first part included in a photoelectric
conversion layer on a first electrode, and b) forming a second
part bonded to at least one part of the first part and included in
the photoelectric conversion layer. The photoelectric conver-
sion element includes the photoelectric conversion layer
between the first electrode and a second electrode.

[0023] Therefore, photoelectric conversion elements can
be manufactured in a simple process in a manner suppressing
variations of each element.

[0024] In the method, at least one of the first part and the
second part preferably includes at least one light absorber
which absorbs light and generate a carrier.

[0025] Therefore, for example, if the first part includes at
least one carrier mediating part mediating a carrier generated
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in the light absorber to the first electrode, the carrier can
transfer very rapidly to the first electrode, improving the
photoelectric conversion rate.

[0026] Inthe method, it is preferable that a third part com-
bining with a surface of the first electrode interpose between
the first part and the first electrode, and the first part be
supported on the first electrode by interposing the third part.
[0027] Therefore, for example, by selecting a structure of
the third part appropriately, a polymer (polymer molecule)
combining with the surface of the first electrode can be easily
synthesized by a living polymerization.

[0028] In the method, at least one of the first part and the
second part is preferably formed by a polymerization of a
monomer.

[0029] Therefore, a photoelectric conversion element can
be manufactured in a simpler process.

[0030] Inthemethod,itispreferable thatthe step b)include
carrying out a living polymerization of a monomer, a growth
end to react with the monomer be regenerated during the
living polymerization, and the growth end be boded with a
substituent group included in the first part provided in the step
a).
[0031] In a living polymerization, since the growth end is
regenerated and bonded with a polymerization activity part of
a monomer in a growth process of the polymer, the monomer
is consumed. If a monomer is newly added after the polymer-
ization reaction stops, the polymerization reaction further
progresses. Therefore, a degree of polymerization of the poly-
mer to be synthesized can be controlled precisely by changing
a quantity of monomers provided to the reaction system,
being able to control appropriately the number of the light
absorber and the like included in the polymer. In addition,
since the polymer of which the degree of polymerization is
uniform can be obtained, the number of the light absorber and
the like included in the polymer can be made approximately
uniform in each face in the photoelectric conversion layer to
be formed, or in each element. Therefore, a photoelectric
conversion layer having a desired photoelectric conversion
rate can be provided in a simple process while suppressing
variations of each element.

[0032] An electronic apparatus according to a third aspect
of the invention includes a photoelectric conversion element
according to the invention.

[0033] Accordingly, an n electronic apparatus with high
reliability can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0035] FIG.1is asectional view schematically showing an
example of a photoelectric conversion element according to
the invention.

[0036] FIGS.2A, 2B, and 2C together are a schematic view
of'a photoelectric conversion layer included in the photoelec-
tric conversion element of FIG. 1.

[0037] FIG. 3 is a schematic view showing an example of a
photoelectric conversion layer of FIGS. 2A, 2B, and 2C.
[0038] FIG. 4 is a schematic view for describing a method
for manufacturing the photoelectric conversion element of
FIG. 1.

[0039] FIG. 5 is a schematic view for describing a method
for manufacturing the photoelectric conversion element of
FIG. 1.
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[0040] FIG. 6 is a schematic view showing another example
of'a photoelectric conversion layer included in a photoelectric
conversion element according to the invention.

[0041] FIG. 7 is a schematic view showing an example of a
photoelectric conversion layer of FIG. 6.

[0042] FIG. 8 is a schematic view for describing another
example of a method for manufacturing a photoelectric con-
version element.

[0043] FIG.9is aschematic view for describing yet another
example of a method for manufacturing a photoelectric con-
version element.

[0044]

[0045] FIG. 11 is a perspective view showing a cellular
phone (including a personal handyphone system: PHS).

FIG. 10 is a plan view showing a calculator.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0046] Exemplary embodiments of a photoelectric conver-
sion element, a method for manufacturing a photoelectric
conversion element, and an electronic apparatus according to
the present invention will now be described with reference to
the accompanying drawings.

First Embodiment

[0047] An example of a photoelectric conversion element
according to a first embodiment of the invention will be first
described.

[0048] FIG.1is a sectional view schematically showing an
example of a photoelectric conversion element of the inven-
tion. FIGS. 2A, 2B, and 2C together are a schematic view
showing a photoelectric conversion layer included in the pho-
toelectric conversion element of FIG. 1. FIG. 3 is a schematic
view showing an example of the photoelectric conversion
layer of FIGS. 2A, 2B, and 2C. Each of FIGS. 4 and 5 is a
schematic view for describing a method for manufacturing
the photoelectric conversion element of FIG. 1.

[0049] A photoelectric conversion element 10 shown in
FIG. 1 includes a first substrate 20 provided with a first
electrode 30 and a second substrate 70 provided with a second
electrode 60 which faces the first electrode 30, a photoelectric
conversion layer 40 provided between the first electrode 30
and the second electrode 60, and an electrolyte layer 50
provided on a face of the second electrode 60. The photoelec-
tric conversion layer 40 is disposed between the first electrode
30 and the electrolyte layer 50, and the electrolyte layer 50 is
disposed between the photoelectric conversion layer 40 and
the second electrode 60. Then, an outer periphery of the
photoelectric conversion layer 40 and the electrolyte layer 50
is sealed by a sealing part 80. Each component will now be
described sequentially.

[0050] The photoelectric conversion element 10 of the
embodiment is used by making light, for example solar light
and the like, incident (being irradiated by light) on the side of
the first substrate 20 (the left side in FIG. 1), as shown in F1G.
1.

[0051] Therefore, it is preferable that each of the first sub-
strate 20 and the first electrode 30 have enough transmission
to incident light or light to be utilized for a photoelectric
conversion, that is, be substantially transparent to the same.
Therefore, light can efficiently reach the photoelectric con-
version layer 40.
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[0052] Examples of material of the first substrate 20 may
include: resin materials such as glass, ceramics, polycarbon-
ate (PC), and polyethylene terephthalate (PET), and other
materials.

[0053] An average thickness of the first substrate 20 is set
appropriately depending on material thereof, a use of the
photoelectric conversion element 10, and the like, and it is not
particularly limited. However, in case of the first substrate 20
made of hard material, an average thickness thereof is pref-
erably about 0.1 to 1.5 mm, more preferably about 0.8 to 1.2
mm. In case of the first substrate 20 made of flexible material,
an average thickness thereof is preferably about 0.5 to 150
um, more preferably about 10 to 75 pm.

[0054] The first electrode 30 is provided to the inner face of
the first substrate 20. The first electrode 30 receives an after-
mentioned carrier (an electric charge) generated in the pho-
toelectric conversion layer 40 and transfers it to an external
circuit 90 coupled thereto. In the present embodiment, the
carrier is assumed to be an electron as an example.

[0055] Examples of material (conductive material) of the
first electrode 30 may include: oxide materials such as indium
tin oxide (ITO), fluorine-doped tin oxide (FTO), indium
oxide (I0), and tin oxide (SnO,); and metal materials such as
platinum, silver, gold, copper, or their alloys; and the like.
They may be used singly or in combination (e.g., as a multi-
layer structure of multiple layers).

[0056] An average thickness of the first electrode 30 is set
appropriately depending on material thereof, a use of the
photoelectric conversion element 10, and the like, and it is not
particularly limited. However, in case of the first electrode 30
made of oxide material (transparent conductive material), an
average thickness thereof is preferably about 0.05 to 5 pm,
more preferably about 0.1 to 1.5 um. In case of the first
electrode 30 made of metal material, an average thickness
thereof is preferably about 0.01 to 1 um, more preferably
about 0.03 to 0.1 um.

[0057] The first electrode 30 can be composed of a multi-
layered body laminating a conductive layer made of the above
conductive material and a semiconductor layer made of semi-
conductor material. The conductive layer is on the side facing
the first substrate 20, and the semiconductor layer is on the
side facing the photoelectric conversion layer 40.

[0058] In this case, examples of semiconductor material
may include oxide semiconductor materials such as TiO,,
7r0,, Zn0, Al,O;, Sn0,, ScVO,, YVO,, LaVO,, NdVO,,
EuvO,, GdVO,, ScNbO,,, ScTaO,, YNbO,, YTaO,, ScPO,,
ScAsO,, ScSbO,, ScBiO,, YPO,, YSbO,, BVO,, AIVO,,
GavO,, InvVO,, TIVO,, InNbO,, and InTaO,; sulfide semi-
conductor materials such as ZnS, and CdS; selenide semicon-
ductor materials such as CdSe; carbide semiconductor mate-
rials such as TiC, and Sic; nitride semiconductor materials
such as BN, and B,N; and the other.

[0059] The photoelectric conversion layer 40 is provided to
the inner face of the first electrode 30 (the face facing the
second electrode 60).

[0060] As shown in FIG. 2A, the photoelectric conversion
layer 40 is composed of a plurality of polymer molecules 1,
individually including a plurality of structure units 3. The
polymer molecules 1 are important for converting light
energy into electrical energy (photoelectric conversion). In
the polymer molecules 1, a light absorber 2 absorbs light
(stimulated optically by light irradiation) and generates a
carrier such as an electron or an electron hole. Then, the
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generated carrier transfers to the second electrode 60 via the
first electrode 30 or the electrolyte layer 50, generating elec-
tric current.

[0061] The following structure unit 3 can be used; a struc-
ture unit 3 in which a light absorber 2 absorbing light and
including a chromophore and the like, is incorporated to a
main chain of the polymer molecule 1, as shown in FIG. 2B,
or, a structure unit 3 in which a side chain branching from a
branching part 6 includes a light absorber 2 absorbing light
and including a chromophore and the like, as shown in FIG.
2C. The branching part 6 is a part of the main chain skeleton,
and is a place where a side chain branches.

[0062] A dashed line shown in FIG. 2B shows expediently
a part of a bonding group lying between a light absorber 2
included in a first structure unit 3 and a light absorber 2
included in a second structure unit 3 adjacent to the first
structure unit 3. The dashed line and the light absorber 2 are
included in at least a part of the main chain of the polymer
molecule 1 having the structure unit 3 shown in FIG. 2B.
[0063] A dashed Line shown in FIG. 2C shows expediently
abonding group lying between a branching part 6 included in
a first structure unit 3 and a branching part 6 included in a
second structure unit 3 adjacent to the first structure unit 3.
The dashed line and the branching part 6 are included in at
least a part of the main chain of the polymer molecule 1
having the structure unit 3 shown in FIG. 2C.

[0064] In a case where the photoelectric conversion ele-
ment 10 mentioned above is used as a solar cell, examples of
chromophores included in the light absorber 2 may include
coumarin dye, cyanogen dye, xanthene dye, azole dye, chlo-
rophyll dye, porphyrin compound, phthalocyanine com-
pound, cyanin dye, anthraquinone dye, and polycyclic
quinone dye; metal complexes such as ruthenium complex,
iron complex, osmium complex, copper complex, and plati-
num complex; and the like. They absorb visible light. They
may be used singly or in combination.

[0065] Since the above dyes generally have a robust mol-
ecule structure, as shown in FIG. 2B, the polymer molecule 1
including a light absorber 2 on a part of the main chain thereof
has rigidity, and there are few variations in a structure or a
conformation of the polymer molecule 1. Hence, distances
between one light absorber 2 and another light absorber 2
included in the main chain can be relatively uniformed.
Therefore, the polymer molecule I has such advantage that
electron-transfer efficiency reliant on a distance between light
absorbers 2 is relatively easy to control.

[0066] Inaddition, ifthe polymermolecule1 showninFIG.
2B has enough rigidity, it can suppress an excessive increase
of the light absorbers 2 in the ground state or a formation of
excited complexes of the light absorbers 2, potentially achiev-
ing good electron-transfer efficiency.

[0067] On the other hand, in a case where the polymer
molecule 1 has a light absorber 2 on the side chain thereoflike
FIG. 2C, since the main chain has flexibility, the polymer
molecule 1 has relatively many variations of a structure or a
conformation. However, if a structure of the structure unit 3
having the light absorber 2 is selected appropriately, distances
between the light absorbers 2 can be controlled.

[0068] Further, since the main chain of the polymer mol-
ecule 1 shown in FIG. 2C generally includes a flexible organic
group such as a methylene group and the like: it has a rela-
tively high solubility. In case of synthesizing by using a
polymerization reaction in a solvent, polymers having uni-
form molecular weight with high molecular mass can be
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obtained with relative ease by using after-mentioned living
polymerizations such as an atom transfer radical polymeriza-
tion, a living anionic polymerization, a living cationic poly-
merization, and the like.

[0069] The photoelectric conversion layer 40 is configured
by supporting a plurality of polymer molecules 1 on one face,
facing the second electrode 60, out of two principle faces of
the first electrode 30. Each of the polymer molecules 1
includes at least one light absorber 2. Here, an end of the
polymer molecule 1 is bound to the one principle face of the
first electrode 30.

[0070] With increasing a number of the light absorbers 2
included in the polymer molecule 1, a collection efficiency of
light improves. On the other hand, the increase of the light
absorbers 2 also brings phenomena commonly causing an
efficiency reduction of a carrier transfer such as an excessive
increase of the light absorbers 2, a formation of excited com-
plexes, or the like, as mentioned above. Therefore, the num-
ber of light absorbers 2 included in the polymer molecule 1 is
selected properly with consideration for a desired photoelec-
tric conversion rate and the like. For example, in a polycyclic
7 electron compound such as a coumarin dye, a porphyrin
compound, or the like, the number of light absorbers 2 is
preferably 5 to 20. In particular, a polymer molecule 1 pref-
erably includes 5 to 20 structure units 3 (indicating a number
of “m” in FIG. 2A).

[0071] Examples of abonding pattern between the polymer
molecule 1 and the first electrode 30 may include chemical
bonds such as a covalent bond, an ionic bond, a hydrogen
bond and the like; electrostatic bonds; and the like. In case of
forming a strong bond between the first electrode 30 and the
polymer molecule 1, a covalent bond is particularly used as a
bonding pattern. Hence, the polymer molecule 1 can be got
close to the first electrode 30 spatially, efficiently generating
a carrier transfer between the polymer molecule 1 and the first
electrode.

[0072] In addition, the polymer molecule 1 may bond a
repetition part (hereinafter, referred to as “photoelectric con-
verting part 5”) of the structure unit 3 having the light
absorber 2 to the inner surface of the first electrode 30
directly, or bond it to the inner surface of the first electrode 30
via the connecting part (connecting structure) 4, as shown in
FIG. 2A.

[0073] The connecting part 4 can be obtained, for example,
by contacting a solution including a first compound to the first
electrode 30. The first compound includes a first functional
group and a second functional group. The first functional
group reacts to combine with the surface of the first electrode
30. The second functional group is bonded to a monomer
molecule or a polymer molecule to be material of the photo-
electric converting part 5. By forming such the connecting
part 4, the polymer molecule 1 combining with the surface
(inner face) of the first electrode 30 can easily be synthesized
by after-mentioned living polymerization in a manner making
the second functional group, included in the first compound,
a base point (a starting point of the polymerization reaction).

[0074] Here, a type of the first compound and a method for
forming the connecting part 4 will be described in a descrip-
tion of after-mentioned method for manufacturing a photo-
electric conversion element 10.

[0075] Concrete examples of the polymer molecule 1 hav-
ing such the connecting part 4 and the photoelectric convert-
ing part 5 may include the one shown in FIG. 3.
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[0076] Moreover, the polymer molecule 1 may include a
structure having various types of substituent group. Examples
of' the substituent group may include, but not be limited to, a
saturated chain hydrocarbon group, a saturated ring hydro-
carbon group. and the like.

[0077] An adsorbed amount of the polymer molecules 1 to
the first electrode 30 is not limited. However, if the adsorbed
amount is too small, a light collecting amount of the photo-
electric conversion layer 40 in itself decreases. On the other
hand, if the adsorbed amount is too large, distances between
the polymer molecules 1 gets close, generating an excessive
increase or a formation of an excited complex of the light
absorbers 2. Therefore, an adsorbed amount of the polymer
molecules 1 is typically set in a range about 0.2 to 3.0 nmol/
cm?, more typically about 0.7 to 1.6 nmol/cm?.

[0078] The electrolyte layer 50 is formed at the face, oppo-
site to the first electrode 30, of the photoelectric conversion
layer 40 so as to contact with both of the second electrode 60
and the photoelectric conversion layer 40 (between the sec-
ond electrode 60 and the photoelectric conversion layer 40).
The electrolyte layer 50 is composed of electrolytic compo-
sitions. Examples of electrolyte used for electrolytic compo-
sitions may include, but not be limited to, halogens such as
115, Br/Br;, Cl/Cl,, and F/F5; quinone/hydroquinone; ascor-
bic acid; and the like. They may be used singly or in miscible.
Among these, I/1, is particularly preferable as an electrolyte.
[0079] Concrete examples of I/1; electrolyte may include a
combination of I, with metal iodides such as Lil, Nal, KI, CsI,
and Cal,; or with iodide salts of quaternary ammonium com-
pound such as tetraalkylammonium iodide, pyridinium
iodide, and imidazoliuln iodide; and the like.

[0080] Examples of solvent to be used for preparing an
electrolyte composition may include various waters; nitriles
such as acetonitrile, propionitrile, and benzonitrile; carbon-
ates such as ethylene carbonate, and propylene carbonate;
polyhydric alcohols such as polyethylene glycol, polypropy-
lene glycol, and glycerine; propylene carbonates; and the
like. They may be used singly or in mixed. Using these sol-
vents provides an electrolyte layer 50 having excellent ion
conductivity.

[0081] The concentration of whole electrolyte in an elec-
trolyte composition is preferably, but not be limited to, about
0.1 to 25 wt %, more preferably about 0.5 to 5 wt %.

[0082] Further, the electrolyte layer 50 may be liquid or
gelled. Adding a gelling agent to the above electrolyte com-
position can make the electrolyte layer 50 gelled.

[0083] The second electrode 60 bonded to the second sub-
strate 70 is provided to the face, opposite to the photoelectric
conversion layer 40, of the electrolyte layer 50.

[0084] Examples of material of the second electrode 60
may include: metals such as aluminum, nickel, cobalt, plati-
num, silver, gold, copper, molybdenum, titanium, tantalum,
ortheir alloys; carbon materials such as graphite; and the like.
They may be used singly or in combination.

[0085] The same materials as the one of the first substrate
20 mentioned above may be used as material of the second
substrate 70.

[0086] An average thickness of the second electrode 60 and
the same of the second substrate 70 may also be the same as
the one of the first electrode 30 and the one of the first
substrate 20 respectively, though it is set appropriately
depending on the materials thereof or a use of the photoelec-
tric conversion element 10 and is not limited.
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[0087] A sealing part 80 is provided between the first elec-
trode 30 and the second electrode 60 in a manner surrounding
an outer periphery of the photoelectric conversion layer 40
and the electrolyte layer 50. Therefore, even if the electrolyte
layer 50 is liquid, the electrolyte layer 50 can be prevented
from flowing out or vaporizing from the photoelectric con-
version element 10, or moisture or the like can be prevented
from infiltrating the photoelectric conversion element 10.
[0088] Examples of material of the sealing part 80 may
include epoxy adhesive, urethane adhesive, acrylic adhesive,
rubber adhesive, and the like.

[0089] Iflight enters such the photoelectric conversion ele-
ment 10, electron holes or electrons are generated at the
photoelectrical conversion layer 40 (light absorbers 2). Elec-
trons (e') transfer to the first electrode 30 and the electron
holes transfer to the second electrode 60 from the photoelec-
trical conversion layer 40, generating a potential difference
(photovoltaic power) between the first electrode 30 and the
second electrode 60. Thus, current (light excitation current)
flows to an external circuit 90.

[0090] Such the photoelectric conversion element 10 canbe
manufactured as follows, for example.

[0091] (1A) First, the first substrate 20 and the second
substrate 70 are prepared, and the first electrode 30 and the
second electrode 60 are formed on surfaces of the first sub-
strate 20 and the second substrate 70 respectively.

[0092] Each of the first. electrode 30 and the second elec-
trode 60 can be formed, for example, by vapor-phase process
using vapor deposition, sputtering, and the like, or by liquid-
phase process using printing, or the like.

[0093] (2A) Next, on the surface of the first electrode 30,
the photoelectric conversion layer 40 is provided.

[0094] Here illustrates a case of providing the photoelectric
conversion layer 40 composed of the polymer molecules 1
shown in FIGS. 2A, 2B, and 2C.

[0095] (2A-1) The connecting part 4 is provided by con-
tacting a solution including a first compound having a first
functional group and a second functional group to the first
electrode 30 (first process). The first functional group reacts
to combine with the surface of the first electrode 30. The
second functional group is bonded to a monomer molecule or
a polymer molecule to be material of the photoelectric con-
verting part 5.

[0096] Forexample, since a carrier transfer speed to the first
electrode 30 or a reverse carrier transfer speed from the first
electrode 30 can be controlled by a number of carbon
included in the connecting part 4, the carrier transfer speed
and the reverse carrier transfer speed can be set appropriately
by controlling the number of carbon of the connecting part 4
properly. Typically, the number of carbon of the connecting
part 4 is preferably about 2 to 25, more preferably 4 to 15.
[0097] Examples of the first functional group may include
a thiol group, a sulfonate group, a carboxyl group, an amino
group, a phosphate group, a cyano group, a halogen group, an
alkoxysilyl group, a halogenated silyl group, a nitro group, an
aldehyde group, and the like.

[0098] As amatter of course, the first functional group may
be, for example, a functional group electrostatic-bonding or
hydrogen-bonding to the surface of the first electrode 30.
[0099] On the other hand, examples of the second func-
tional group included in the first compound may include a
hydroxyl group, a carboxyl group, a halogen group, an amino
group, an aldehyde group, a nitro group, a sulfone group, a
carbonyl group, and the like.
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[0100] The connecting part 4 shown in FIG. 4 is provided
on the surface of the first electrode 30 by allowing a com-
pound expressed in a formula (1) to act on the first electrode
30. The compound includes, for example, a thiol group as the
first functional group and a bromine group as the second
functional group.

[0101] Chemical Formula 1

[0102] Here, examples of methods for contacting the solu-
tion including the first compound to the surface of the first
electrode 30 may include I) dipping the first electrode 30 in
the solution (dipping method); IT) applying the solution to the
surface of the first electrode 30 (application method); II1)
providing the solution to the surface of the first electrode 30
like a shower (spraying method); IV) adsorbing the first com-
pound to the first electrode 30 by vaporizing the first com-
pound in a manner that the first electrode 30 and the first
compound are located in a chamber (vaporization and adsorp-
tion method); and the like.

[0103] Examples of a solvent to prepare the solution may
include water, methanol, ethanol, isopropyl alcohol, acetoni-
trile, ethyl acetate, ether, methylene chloride, N-methyl-2-
pyrrolidone (NMP), and the like. They may be used singly or
in combination.

[0104] In case of using the dipping method, the solution
including the first compound may be irradiated with ultra-
sound as necessary. This enables the compound to adsorb to
the surface of the first electrode 30 rapidly.

[0105] (2A-2) A monomer including the light absorber 2 is
polymerized by living polymerization (especially, atom
transfer radical polymerization: ATRP) SO as to provide the
photoelectric converting part 5 on an end, opposite to the first
electrode 30, of the connecting part 4 (second process). This
process provides (synthesizes) the polymer molecule 1.
[0106] The living polymerization can be carried out by
contacting a solution to the surface of the first electrode 30
combining with the connecting part 4. The solution includes
a monomer having the light absorber 2, and a catalyst.
[0107] First, a monomer including the light absorber 2 is
prepared. Examples of a polymerized group included in the
monomer may include unsaturated bonding groups such as a
vinyl group, and a (meta)acrylyl group; cyclic ether groups
such as a epoxy group, and an oxetane ring; and the like. The
monomer may be selected appropriately depending on a
desired characteristic, a reaction condition or the like.
[0108] Concrete examples of such the monomer may
include the one expressed in the following formula (2).

[0109]
[0110] “n”intheformula (2) preferably indicates an integer
number from 1 to 10, more preferably from 2 to 8. By select-
ing n properly, distances between the light absorbers 2 can be
controlled to a certain extent.

[0111] The monomer expressed by the formula (2) can be
synthesized by the following synthetic route, for example.

[0112]

[0113] First, salicylaldehyde is allowed to react with mal-
onate dimethyl ester so as to obtain 3-carbomethoxy-couma-
lin.

[0114] Specifically, after a molar equivalent of malonate
dimethyl ester, a predetermined quantity of methanol, and a
predetermined quantity of piperidine are added to salicyladl-
dehyde and it is left at room temperature, the solvent is
removed. Then it is purified by silica gel chromatography.

Chemical Formula 2

Chemical Formula 3
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[0115] After that, the obtained 3-carbomethoxy-coumalin
is allowed to react with amino alcohol so as to obtain N-hy-
droxyalkyl-coumalin-3-carboxamide.

[0116] In particular, 3-carboxamide-coumalin and amino
alcohol are added to a predetermined quantity of benzene, and
then it is refluxed while being agitated. After finishing the
reflux, it is crystallized by cooling down and adding a crystal
seed. Furthermore it is recrystallized repeatedly with a use of
a predetermined solvent.

[0117] Next, the obtained N-hydroxyalkyl-coumalin-3-
carboxamide is allowed to react with methacrylic acid and
dicyclohexylcarbodiimide so as to obtain methacrylate ester
of N-hydroxyalkyl-coumalin-3-carboxamide.

[0118] In particular, 4-diethylaminopyridine, 4-methox-
yphenol, and methylene dichloride are added to N-hydroxy-
alkyl-coumalin-3-carboxamide, and fused. Then, after meth-
ylene dichloride solution of methacrylic acid and methylene
dichloride solution of dicyclohexylcarbodiimide are added to
the solution and it is left at room temperature, generated
dicyclohexylurea is removed by filtration or the like. Then,
after the solvent is removed from the filtrate, it is dissolved in
a predetermined quantity of benzene and cyclohexane and is
left. Then, after sellite is added and agitated, the sellite is
removed by filtrating or the like. After the filtrate is cooled
down, the supernatant is removed and a resulting residue is
suspended in a predetermined solvent. Then the suspension is
left at room temperature. During this period, generated crys-
tal is collected and recrystallized with a use of a predeter-
mined solvent.

[0119] These processes provide the monomer expressed in
the formula (2).
[0120] Onthe other hand, a catalyst which is used is the one

which can regenerate a growth end 7 and does not react at all
or a little to the light absorber 2. Examples of typical com-
pounds as such catalysts may include a compound coordinat-
ing halogen atoms in a transition metal; or a transition metal
complex coordinating atoms of nitrogen in bjipyridine, an
amino group, or the like, or atoms of phosphorous in triph-
enylphosphine as well as halogen atoms in a transition metal;
and the like.

[0121] Examples of solvents for preparing the above solu-
tion may include waters; alcohols such as methanol, ethanol,
or butanol; halogenated aromatic hydrocarbons such as
o-dichlorobenzene; ethers such as diethyl ether, or the like;
and the like. They may be used singly or in mixed.

[0122] Forexample, by using a compound expressed by the
formula (2) as a monomer, and CuBr as a catalyst, the pho-
toelectric converting part 5 having the growth end 7 being
active can be provided to the end part opposite to the first
electrode 30, as shown in FIG. 5.

[0123] Herein, in a living polymerization, since the growth
end 7 is regenerated and bonded to the vinyl group which is a
polymerization activity part of a monomer in a growth pro-
cess of the polymer molecule 1, the monomer is consumed.
Therefore, if a monomer is newly added after a polymeriza-
tion reaction stops, a polymerization reaction further
progresses.

[0124] Accordingly, a degree of polymerization of the
polymer molecule 1 to be synthesized can be controlled pre-
cisely by changing a quantity of monomers to be provided to
the reaction system, being able to control appropriately the
number of the light absorbers 2 included in the polymer
molecule 1.

Apr. 24,2014

[0125] Inaddition, since the polymer molecules 1 of which
the degree of polymerization is uniform can be obtained, the
number of the light absorbers 2 included in the polymer
molecules 1 can be made approximately uniform on the face
of the photoelectric conversion layer 40 or in each element.
[0126] Therefore, the photoelectric conversion layer 40
having a desired photoelectric conversion rate can be pro-
vided in a simple process while suppressing variations of each
element.

[0127] Further, itis preferable that the above solution (reac-
tion liquid) be deoxidized before the polymerization reaction
starts. Examples of deoxidizations may include a substitu-
tion, a purge treatment, or the like by inert gas such as argon
gas, nitrogen gas, or the like, after a vacuum deaeration.
[0128] Further, in the polymerization reaction, the above
solution is heated (warmed) up to the predetermined tempera-
ture (a temperature at which the monomer and the catalyst
become activated), so that the polymerization reaction of the
monomer can be carried out rapidly and reliably.

[0129] Though the heating temperature is slightly different
depending on a kind of catalyst and not limited, it is prefer-
able to be 30 to 100 degrees centigrade. In addition, in a case
where the heating temperature is in the above range, the
heating time (reacting time) is preferably about 10 to 20
hours.

[0130] The above polymerization reaction is preferably
carried out in a reactor having an ultrasonic generator, an
agitator, a reflux cooler, a dropping funnel, a temperature
regulator, and a gas supply port.

[0131] Particularly, a reactor equipped with a cooling tube,
asupplying mean of argon gas and an agitator is prepared, and
then the first electrode 30 combining with the connecting part
4 is arranged at the bottom of the reactor. After the reactor is
vacuumized and argon gas is supplied several times, a metha-
nol solution having the monomer expressed by the formula
(2) is stored in the reactor in which argon gas flows, and CuBr
(catalyst) is added to the methanol solution. Then, the solu-
tion is heated up to the predetermined temperature, and kept
in the temperature for the predetermined time while being
agitated. Here, the agitator is preferably set to rotate at the
upper position sufficiently away from the first electrode 30 in
order the agitator not to break the first electrode 30.

[0132] Thus, on the surface of the first electrode 30, the
polymer molecule 1 including the light absorber 2 and one
end part bonded thereto grows, providing the photoelectric
conversion layer 40.

[0133] (2A-3) As required, the first substrate 20 provided
with the photoelectric conversion layer 40 is dried.

[0134] Drying can be performed by various methods
including freeze-drying, through-flow drying, surface drying,
fluidized drying, flash drying, spray drying, vacuum drying,
infrared drying, high-frequency drying, ultrasonic drying,
and the like. Among these methods, freeze-drying is prefer-
ably used.

[0135] Since the freeze-drying method dries a solvent by
sublimating it (solid to gas), it is possible to perform drying
without making almost any influence on the shape and func-
tions of the photoelectric conversion layer 40.

[0136] (3A) Next, the second substrate 70 provided with
the second electrode 60 is arranged in a manner that the
second electrode 60 faces the first electrode 30 (third pro-
cess), and then the outer periphery is sealed by the sealing part
80. Thus, the photoelectric conversion layer 40, the second
electrode 60, and the sealing part 80 form a filling space (cell



US 2014/0109968 Al

space) to be filled with electrolyte composition being a con-
stituent of the electrolyte layer 50.

[0137] In this time, a supply port for filling electrolyte
composition to the filling space is provided to the sealing part
80.

[0138] (4A) Next, after the filling space is filled with elec-
trolyte composition via the supply port, the supply port is
blocked. Accordingly, the electrolyte layer 50 is formed.
[0139] In addition, as necessary, the electrolyte composi-
tion is gelatinized. Examples of the gelatinization may
include an application of heat, an application of ultraviolet
rays, and the like.

[0140] (5A) Next, an end of a wiring equipped to an exter-
nal circuit 90 is coupled to each of the first electrode 30 and
the second electrode 60.

[0141] Through the above-described processes, the photo-
electric conversion element 10 is manufactured.

[0142] Such the method for manufacturing the photoelec-
tric conversion element 10 is suitable especially for manufac-
turing the photoelectric conversion element 10 used flexible
substrates, of which the main material is resin, as the first
substrate 20 and the second substrate 70, because each layer
can be formed at relatively low temperature.

[0143] In addition, the photoelectric conversion layer 40
can be obtained also in such a. method that a compound in
which a thiol group is introduced to one end of the above-
mentioned polymer molecule 1 is synthesized in advance, and
the compound is bonded (supported) to the surface of the first
electrode 30 in the above-mentioned method (for example,
dipping method).

Second Embodiment

[0144] Another example of a photoelectric conversion ele-
ment according to a second embodiment of the invention will
now be described.

[0145] FIG. 6 is a schematic view of a photoelectric con-
version layer included in another example of a photoelectric
conversion element according to the present invention. FIG. 7
is a schematic view showing an example of the photoelectric
conversion layer of FIG. 6. FIGS. 8 and 9 are schematic views
illustrating another example of a method for manufacturing a
photoelectric conversion element (a method for forming a
photoelectric conversion layer).

[0146] The following description of the second embodi-
ment of the photoelectric conversion element according to the
invention focuses primarily on differences from the first
embodiment, and similar points will be omitted.

[0147] In the second embodiment, a structure is basically
same as the one in the first embodiment other than a structure
of the photoelectric conversion layer 40 (a structure of the
polymer molecule 1.)

[0148] In the second embodiment, as shown in FIG. 6, the
polymer molecule 1 is a block copolymer including a carrier
transporting part 9 between the connecting part 4 and the
photoelectric converting part 5, i.e. on the position closer to
the first electrode 30 compared to the light absorber 2 which
is the closest to the first electrode 30. The carrier transporting
part 9 includes a carrier mediating part 8 which mediates a
transfer of an electron (carrier) generated in the light absorber
2 to the first electrode 30.

[0149] Inthepolymer molecule 1 having such the structure,
an electron generated in the light absorber 2 transfers to the
carrier mediating part 8, and then to the first electrode 30. The
electron transfers quite rapidly, thereby preferably preventing
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the following phenomena causing deterioration of the photo-
electric conversion rate; a phenomenon in which a carrier
such as an electron and the like, which transfers to the first
electrode 30 once, returns to the photoelectric converting part
5; a reverse electron transfer in which a carrier generated in
the photoelectric converting part 5 transfers to the second
electrode 60; or the like. Therefore, an electron and an elec-
tron hole generated in the photoelectric converting part 5 are
reliably separated (charge separation), so that the electron can
be drawn efficiently to the first electrode 30. Accordingly, the
photoelectric conversion rate of the photoelectric conversion
element 10 can be further enhanced.

[0150] The carrier transporting part 9 may have a structure
in which the carrier mediating part 8 is formed on a side chain
branching from a main chain of the polymer molecule I, but
preferably have a structure in which the carrier mediating part
8 is formed on the main chain, as shown in FIG. 6. Therefore,
an electron can transfer more rapidly and more reliably to the
first electrode 30, making more reliably the above-mentioned
reverse electron transfer hard to occur.

[0151] Further, the carrier transporting part 9 preferably
has one carrier mediating part 8, more preferably a plurality
of carrier mediating parts 8. This prevents more reliably the
reverse electron transfer.

[0152] Inthis case, all of the carrier mediating parts 8 may
be identical, or at least one of them may be different. Further,
in this case, the polymer molecule 1 preferably has 2 to 20 of
the carrier mediating parts 8 in its molecular structure, more
preferably 3 to 10. This can improve a photoelectric conver-
sion rate of the photoelectric conversion layer 40, accord-
ingly.

[0153] Inacasewhere the carrier mediating part 8 mediates
the transfer of an electron, which is generated in the photo-
electric converting part 5, to the first electrode 30, that is, a
case where the mediating part 8 has a property as an electron
acceptor, the mediating part 8 may include, but not be limited
to, a fullerene (C60) skeleton, a polycyclic aromatic ring, or
the like. Especially the mediating part 8 preferably includes a
fullerene (C60) skeleton.

[0154] In the carrier transporting part 9, a molecular chain
included in a main chain (molecular chain to be introduced
together with the carrier mediating part 8) is not particularly
limited and may be any molecular chain, but a molecular
chain having an aromatic ring at a side chain. The aromatic
ring contributes to a delocalization of an electron, like poly-
styrene (PS). A side chain of the carrier transporting part 9 has
an aromatic ring, so that an electron transfers via the aromatic
ring, and an electron (carrier) transfer rate can be prevented
from declining, even if a chain length of the molecular chain
is relatively lengthened.

[0155] Further, it may be advantageous thata conformation
of the main chain of the carrier transporting part 9 can be
controlled, because a stack structure is taken with relative
ease dueto an interaction between aromatic rings and the like.
[0156] Concrete examples of the polymer molecule (block
copolymer) 1 having such the carrier transporting part 9 may
include the one shown in FIG. 7.

[0157] The photoelectric conversion element 10 including
such the photoelectric conversion layer 40 may be manufac-
tured as follows, for example. Hereinafter, a description
focuses on a method for forming the photoelectric conversion
layer 40.

[0158] (1B)-(2B-1) Atfirst, the same processes as the above
processes from (1A) to (2A-1) are performed.
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[0159] (2B-2)Next, the carrier transporting part 9 is formed
on an end, opposite to the first electrode 30, of the connecting
part 4 (first process).

[0160] Here illustrates a case where the carrier transporting
part 9 has a structure in which the carrier mediating part 8 is
introduced together with a molecular chain, as shown in FIG.
6.

[0161] A precursor to be the carrier mediating part 8 and a
second monomer to be a molecular chain are copolymerized
by living polymerization (especially, atom transfer radical
polymerization: ATRP) so as to form the carrier transporting
part 9 at the end, opposite to the first electrode 30, of the
connecting part 4.

[0162] The living polymerization can be carried out by
contacting a solution to the surface of the first electrode 30
combining with the connecting part 4. The solution includes
the above-mentioned precursor, the second monomer, and a
catalyst.

[0163] Examples of a polymerized group included in the
second monomer may include unsaturated bonding groups
such as a vinyl group, and a (meta)acrylyl group; cyclic ether
groups such as a epoxy group, and an oxetane ring: and the
like. The second monomer may be selected appropriately
depending on a desired characteristic, a reaction condition or
the like. In addition, as mentioned above, the molecular chain
preferably has an aromatic ring on its side chain. In view ofit,
styrene is preferable for the second monomer.

[0164] As a solvent for preparing a catalyst and the above
solution, the same solvent, as the one cited in the first embodi-
ment may be used.

[0165] For example, by using fullerene as a precursor to be
the carrier mediating part 8, styrene as the second monomer to
be the molecular chain, and CuBr as the catalyst, a polymer-
ization reaction of the second monomer progresses while
taking the precursor in, being able to form the carrier trans-
porting part 9 including a growth end 7' being active atthe end
part opposite to the first electrode 30, as shown in FIG. 8.
[0166] Further, the above solution (reaction liquid) is pref-
erably deoxidized before the polymerization reaction starts.
Examples of deoxidizations may include a substitution, a
purge treatment, or the like by inert gas such as argon gas,
nitrogen gas, or the like, after a vacuum deaeration.

[0167] Further, in the polymerization reaction, the above
solution is heated (warmed) up to the predetermined tempera-
ture (a temperature at which the second monomer and the
catalyst become activated), so that the polymerization reac-
tion of the second monomer can be carried out more rapidly
and more reliably.

[0168] The heating temperature is slightly different
depending on a kind of catalyst and is not limited, but it is
preferable to be 60 to 90 degrees centigrade. In addition, in a
case where the heating temperature is in the above range, the
heating time (reacting time) is preferably about 20 to 50
hours.

[0169] The above polymerization reaction is preferably
carried out in a reactor having an ultrasonic generator, an
agitator, a reflux cooler, a dropping funnel, a temperature
regulator, and a gas supply port.

[0170] Particularly, a reactor equipped with a cooling tube,
a supplying mean of nitrogen gas and an agitator is prepared,
and then the first electrode 30 combining with the connecting
part 4 is arranged at the bottom of the reactor. After the reactor
is vacuumized and nitrogen gas is supplied several times,
styrene (the second monomer) and o-dichlorobenzene solu-
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tion of fullerene (C60) are stored and mixed in the reactor in
a manner that the nitrogen gas flows therein, and CuBr (cata-
lyst) is added to the mixed liquid. Then, the mixed liquid is
heated up to the predetermined temperature, and kept in the
temperature for the predetermined time while being agitated.
Here, the agitator preferably rotates at the upper position
sufficiently away from the first electrode 30 in order the
agitator not to break the first electrode 30.

[0171] (2B-3) Next, the same process as the above process
(2A-2)is performed. That is, the photoelectric converting part
5 is provided to the end, opposite to the first electrode 30, of
the carrier transporting part 9 (second process).

[0172] For example, by using a compound expressed in the
formula (2) as a monomer, and CuBr as a catalyst, the pho-
toelectric converting part 5 having a growth end 7 being active
can be provided to the end part opposite to the first electrode
30, as shown in FIG. 9. This process provides (synthesizes)
the polymer molecule 1.

[0173] (2B-4)-(5B) The same processes as the above pro-
cesses (2A-3) to (5A) are performed.

[0174] Here, in the polymer molecule 1 of the second
embodiment, the carrier transporting part 9 may be given a
function as a photoelectric converting part which can absorb
light and generate a carrier by itself.

Electronic Apparatus

[0175] Referring now to FIGS. 10 and 11, an electronic
apparatus according to the invention will be described.
[0176] FIG.10isaplan view showing a calculator to which
the electronic apparatus according to the invention is applied.
FIG. 11 is a perspective view showing a cellular phone (in-
cluding a personal handyphone system as well) to which the
electronic apparatus according to the invention is applied.
[0177] A calculator 100 shown in FIG. 10 includes a body
101, a display 102 on the upper (front) surface of the body
101, a plurality of operation buttons 103, and a photoelectric
conversion element unit 104.

[0178] Inthe structure shown in FIG. 10, five photoelectric
conversion elements 10 are arranged tandemly in the photo-
electric conversion element unit 104.

[0179] A cellular phone 200 shown in FIG. 11 includes a
body 201, a display 202 on the front surface of the body 201,
aplurality of operation buttons 203, an earpiece 204, a mouth-
piece 205, and a photoelectric conversion element unit 206.
[0180] In the structure shown in FIG. 11, a plurality of
photoelectric conversion elements 10 are arranged tandemly
in a manner that they surround the display 202 in the photo-
electric conversion element unit 206.

[0181] While the embodiments of the photoelectric conver-
sion element, the method for manufacturing a photoelectric
conversion element, and the electronic apparatus according to
the invention are described herein, the invention is not limited
to these embodiments.

[0182] Forexample, each element of the photoelectric con-
version element and the electronic apparatus may be replaced
with any other elements having similar functions.

[0183] The photoelectric conversion element according to
the invention is not limited to solar cells, and is also appli-
cable to various elements (light-receiving elements) that
receive and convert light into electrical energy, such as optical
sensors and switches.

[0184] Furthermore, light may be incident on the photo-
electric conversion element according to the invention in a



US 2014/0109968 Al

reverse direction, which is different from the direction shown
in the drawings. In other words, light may be incident in any
direction.
What is claimed is:
1. A photoelectric conversion element, comprising;
a first electrode;
a second electrode; and
aphotoelectric conversion layer provided between the first
electrode and the second electrode,
the photoelectric conversion layer includes a polymer,
the polymer including at least one light absorber which
absorbs a light and generates at least one kind of carrier,
an end part of the polymer is connected to a surface of the
first electrode, and the surface facing the second elec-
trode.
2. The photoelectric conversion element according to claim
15
the polymer including the light absorber on a side chain
branching from a main chain.
3. The photoelectric conversion element according to claim
15
the light absorber includings a coumarin skeleton.
4. The photoelectric conversion element according to claim
15
the polymer including at least one carrier mediating part,
the carrier mediating part mediating a transfer of a carrier
generated in the light absorber to the first electrode, and
the carrier mediating part being located at a position closer
to the first electrode compared to the light absorber.
5. The photoelectric conversion element according to claim
45
a part of the main chain of the polymer working as the
carrier mediating part.
6. The photoelectric conversion element according to claim
55
the carrier mediating part including a fullerene skeleton.
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7. A method for manufacturing a photoelectric conversion
element that has a photoelectric conversion layer disposed
between a first electrode and a second electrode, the method
comprising;

forming a first part included in the photoelectric conversion
layer on the first electrode; and

forming a second part that is included in the photoelectric
conversion layer, the second part being bonded to at least
one part of the first part.

8. The method for manufacturing a photoelectric conver-

sion element according to claim 7,

at least one of the first part and the second part including at
least one light absorber that absorbs a light and generates
a carrier.

9. The method for manufacturing a photoelectric conver-

sion element according to claim 8,

a third part connected to a surface of the first electrode
interposing between the first part and the first electrode,
and

the first part being supported on the first electrode by inter-
posing the third part.

10. The method for manufacturing a photoelectric conver-

sion element according to claim 7,

at least one of the first part and the second part being
formed by a polymerization of a monomer.

11. The method for manufacturing a photoelectric conver-

sion element according to claim 10,

the forming of the second part including carrying out a
living polymerization of the monomer,

a growth end to react with the monomer being regenerated
during the living polymerization, and

the growth end being bonded to a substituent group
included in the first part.

12. An electronic apparatus, comprising; the photoelectric

conversion element according to claim 1.
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