Description Dye-Sensitized Photoelectric Conversion Element Module
and a Method of Manufacturing the Same, and Electronic Apparatus
Technical Field [0001] The present invention relates to a dye-sensitized
photoelectric conversion element module and a method of manufacturing
the same, and an electronic apparatus, and, for example, is suitable for
being applied to a dye- sensitized solar cell module using a dye-sensitized
semiconductor layer made of semiconductor fine particles supporting a
dye, and various kinds of electronic apparatuses. Background Art [0002]
It is said that when fossil fuel sucheas:- €08tk il is used as an energy
source, the global warning is caused because carbon dioxide is
generated due to use of the fossil fuel. In addition, use of a nuclear
energy is fraught with a risk of contamination due to nuclear 1 radiation.
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dependency on these epergies is fraught with problems. . o) ectronic

Apparatus

Technical Field
[0C01]

The present invention relates to a dye-sensitized
photoelectric conversion element module and a method cof
manufacturing the same, and an electronic apparatus, and,
for example, is suitable for being applied to a'dye—
sensitized solar cell module using a dye-sensitized
semiconductor layer made of semiconductor fine pérticles
supporting a dye, and various kinds of electronic

apparatuses.

Background Art
[0002]

It is said that when fossil fuel such as coal or
0il is used as an energy source, the global warning is
caused because carbon dioxide 1s generated due tc use of
the fossil fuel. In addition, use of a nuclear energy is

fraught with a risk of contamination due to nuclear



On the other hand, the solar cell as a photoelectric conversion element
for converting a solar light into an electrical energy exerts an extremely
less influence on the global environment because it uses the solar light
as the energy source, and thus is expected to be further widely used.
[0003] Although various materials are known as a material for the solar
cell, a lot of solar cells each using silicon is offered commercially. These
solar cells are roughly classified into a crystalline silicon system solar cell
using single-crystalline or polycrystalline silicon, and an amorphous
siligam systern solak cglie Sieretafpee, single-grystaline o1 polycrystatline
silicon, that is, crystalline silicon has been used in the solar cells in many
cases: However, althougtea photoeleetriteconversiom efficieneygies is
representing a performance for converting a light (solar) energy into an
elettiftal ehergy is Righeteftthe crystalline silicon system solar cell than

in the amqr&bo&sg%ggn gyﬁgenrp ,soJI%r ceslld ffé}& pcr;%%cté\gtyawas 2 low in
the crystalline silicon’system solar cé ‘hecause it took a lot of energy and

timg foglaw.a coystal, angl. thys the erystalline silican,systemsgolar cella -

was
light into an electrical energy exerts an extremely less

influence on the glebal environment because it uses the
solar light as the energy source, and thus is expected to
be further widely used.

[0003}

Although various materials are known as a material
for the scolar cell, a lot of solar cells each using
silicon 1s offered commercially. These solar cells are
roughly c¢lassified intc a cfystallin@ silicon system
solar cell using single~crystalline or polycrystalline
silicen, and an amorphous sillicon system solar cell.
Heretofere, single-crystalline or polycrystalline silicon,
that is, crystalline silicon has been used in the solar
cells in many cases.

However, although a photoelectric conversion
efficiency representing a performance for converting a
light (solar) energy into an electrical energy 1s higher
in the crystalline silicon system sclar cell than in the

amorphous silicon system solar cell, the productivity was



disadvantageous in a cost phase. [0004] In addition, the amorphous
silicon system solar cell has the features that a light adsorbing property is
high, a selection range of a substrate is wide, promotion for increasing an
area is easily attained as compared with the crystalline silicon system
solar cell. However, the photoelectric conversion efficiency is lower in the
amorphous silicon system solar cell than in the crystalline silicon system
solar cell. Moreover, although the amorphous silicon system solar cell
has the higher productivity than that of the crystalline silicon system solar

celh, the WQ‘%P@%%;%@%QQ system solaycell, requi res, MaCUIM HQCESS; o
for manufacture similarly to the case of the crystalline silicon system solar

celt tand shrus stib hasa targedaurdea iniamcequipgient phase;st8005k 6
the other hand, for the lower cost of the solar cells, many solar cells using
organie nidteriakyinstedd 6f usiAg B9 sHiceRY[ystemanatsidls fizve been
searched. However, the photoelectric conversion efficiency of such 3 a

sol8r BB TS BE VAR T Hs b 58 &qual'ts’dr smaller than 1%, and involves
a p'f%lﬁfﬂ about a durability as well.

In addition, the amcrphous silicon system solar
cell has the features that a light adsocorbing property is
high, a selection range of a substrate is wide, promotiocn
for increasing an area is easily attained as compared
with the crystalline silicon system solar cell. However,
the pheoteoelectric conversion efficiency is lower in the
amorphous silicon system solar cell than in the
crystalline silicon system soclar cell. Moreover, although
the amofphous silicon system solar cell has the higher
productivity than that of the crystalline silicon system
sclar cell, the amorphous silicon system solar cell
requires a vacuum process for manufacture similarly to
the case of the crystalline siliicon system solar cell,
and thus still has a large burden in an equipment phase.
[0005)

On the other hand, for the lower cost of the sgolar
cells, many sclar cells using organic materials instead
of using the silicon system materizls have been searched.

However, the photoelectric conversion efficiency of such



Under such circumstances, an inexpensive solar cell using
semiconductor fine particles sensitized by a dye is reported (refer to a
Non-Patent Document 1) . This solar cell is a wet solar cell which has a
titanium oxide porous thin film spectroscopically sensitized by using a
ruthenium complex as a sensitizing dye as a photo- electrode, that is, an
electrochemical solar cell. The advantages of this dye-sensitized solar
cell are such that an inexpensive titanium oxide can be used, light
absorption of the sensitizing dye is over a wide visible light wavelength

rangesup 1 800,nm; angd.a hi eNetoY%: @COJW%QOQ&IQQGBSY&Q%Q&H_%
realized because a quantum efficiency in photoelectric conversion is high.

In adetitiarg since the:vattem systenbissunaecessary dumaanuiagtues; the
large-scaled equipment is not required. [0006] In recent years, the action
forreleloping a dye- sensitized solar cell module has been activated. A Z
type structure is known as a structure of the d%e,-sensitized solar cell

module. Thgrkﬂfer-sér‘i‘é”’lﬂz&&%%T&P&é’_l%%%ul@ AVIRGHRE 7 {peSirtdture -+
is syehthat gplurality of 4, dyassensitized salar cells ars formed between,;

two sheéts of substrates, and are connected electrically in series wit

one-apetherwithindthe ipside atthersubstfatescument 1). This solar
cell is a wet sclar cell which has a titanium oxide
porous thin film spectroscopically sensitized by using a
ruthenium complex as a sensitizing dye as a photo-
electrode, that is, an electrochemical solar cell. The
advantages of this dye-sensitized solar cell are such
that an inexpensive titanium oxide can be used, light
absorption of the sensitizing dye is over a wide visible
iight wavelength range up to 800 nm, and a high energy
conversion efficiency can be realized because z quantum
efficiency in photoelectric conversion is high. 1In
addition, since the vacuum system is unnecessary in
manufacture, the large-scaled equipment is not required.
[0006]

In recent years, the action for developing a dye-

sensitized solar cell module has been activated. A Z type
structure i1s known as a structure of the dye-sensitized

solar cell module. The dye-sensitized solar cell module

having the Z type structure 1s such that a plurality of



Also, it is known that the dye-sensitized solar cell module has a high
efficiency of generation of electric power. Non-Patent Document 1:
Nature, 353, p. 737-740, 1991 Disclosure of Invention 0007] However,
the dye-sensitized solar cell module having the Z type structure was
unsuitable for thinning and weight saving because it was necessary to
use the two sheets of substrates. A dye-sensitized solar cell module
having a monolithic structure which can be manufactured with one sheet
of substrate is known. However, the dye- sensitized solar cell module

havipgthetaopolithic strugture has.a demeritefbeingdntesior tq thedver
sensitized solar cell module having the Z type structure in a phase of the
charactetisticsshecgusenthereareantot coblimis e armatarial fon ascotinter
electrode, and also it is impossible to prevent dye adsorption to the
cotiteR eleetradelintarmis ot the Shtictive! {0008 3 e tHahghtsrthe

foregoing, a problem to be solved by the present invention is to provide a
dy & SeHsited BhoRSIBCHE Cor TS e TREA ThEGUICSIaT 4L

dyg:sensiized.salap, ¢ell inwhich oply, one SREELOL: s on of electric

power.

Non-Patent Document 1: Nature, 353, p. 737-740, 1981

Plsclosure of Invention
[GOO7]

However, the dye-sensitized solar cell module
having the Z type structure was unsuitable for thinning
and welght saving because 1t was necessary to use the two
sheets of substrates. A dye-sensitized solar cell module
having a monolithic structure which can be manufactured
with one sheet of substrate is known. However, the dye-
sensitized solar cell module having the monclithic
structure has a demerit of being inferior to the dye-
sensitized solar cell module having the 7 tyvpe structure
in a phase of the characteristics because there are a lot
of limits to a material for a counter electrode, and also
it is impossible to prevent dye adscrption to the counter
electrode in terms of the structure,

[0CGE]



substrate is required to be used, a counter electrode can be structured in
a thin form, thereby making thinning and weight saving possible, and
there is no restriction in a phase of a material for the counter electrode,
and also which has the same performance of generation of electric
power that of the dye-sensitized solar cell module having the Z type
structure and a method of manufacturing the same, and an electronic
apparatus using the excellent dye-sensitized photoelectric conversion
element module described above. 0009] In order to solve the problem

described above, -accardingto thecfirst invention, theresproyided a.-
dye-sensitized photoelectric conversion element module having a plurality
of dyé-seansitizedrphatoelsstric iconversion elementselecitically dye-
connected in series with one another, the dye-sensitized photoelectric
cofistsion: Etement hisdiie Beirg eharactetized $A tHat b plofaitg ofuch
areas on § transparent su%stra e have transparent conductive layers,

S
respeciivei 6°3 dye sersitiZet sémict dd&o?’%ﬁ/‘é? aPotod&nslifting™*
layey,and,a, counter glectrode arg laminated in orderan.ihe yansparent ., ,

conductive layer, thereby structuring the dye-sensitized photoelectric

COMMErSIONictured in a thin form, thereby making thinning and
weight saving possible, and there 1s no restriction in a
phase of a material for the counter electrode, and also
which has the same performance of generation of electric
power that of the dye-sensitized solar cell module having
the 7 type structure and a method of manufacturing the
same, and an electronic apparatus using the excellent
dye-sensitized photoelectric conversion element module
described above.
[0009]

In order to solve the problem described above,
according to the first invention, there is provided a
dye-sensitized photoelectric conversion element module
having a plurality of dye-sensitized photoslectric
conversion elements electrically connected in series with
one another, the dye-sensitized photoslectric conversion
element module belng characterized in that:

a plurality of areas on a transparent substrate

have transparent conductive layers, respectively;



element; the counter electrode is formed from a foil made of either a
metal or an alloy having a catalyst layer on one surface, of the porous
insulating layer, or a foil made of a material having a catalytic ability; the
transparent conductive layer of one dye- sensitized photoelectric
conversion element, and the counter electrode of the other dye-sensitized
photoelectric conversion element are electrically connected to each other
in a portion between the two dye- sensitized photoelectric conversion
elements adjacent to each other; at least the dye-sensitized

semiconduclop layer and; the poraus insylating layerare.impregnateg with
an electrolyte; and each of the dye-sensitized photoelectric conversion
elemenis is coveted with-aSealing layerr (@010} Theltoik made of pithes in
the metal or the alloy, forming the counter electrode preferably uses a foil
mad&3F ofEltHera rictaberan aloy CoMaintit thergiit at (€28t <Brie or
more kinds of elements selected from the groug8consisting of Ti, Ni, Cr,

Fe, N TH W "Eo At 2V SrHve "Eathiy/st fayet Provitfetior the ShEsittde,
on the.ROFQus

the counter electrode is formed from a foil made of
either a metal or an alloy having a catalyst laver on one
surface, of the porous insulating laver, or a foll madse
of a material having a catalytic ability;

the transparent conductive layver of one dye-
sensitized photoelectric conversion element, and the
counter electrode of the other dye—sensitized
photeocelectric conversicn element are electrically
connected to esach other in a porﬁion between the two dye-
sensitized photoelectric conversion elements adjacent to
each other;

at least the dye-sensitized semiconducter layer and
the porcus insulating layer are impregnated with an
electrolyte; and

each of the dye~gsensitized photoelectric conversion
elements 1is covered with a sealing laver.
[0010]

The foil, made of either the metal or the alloy,

forming the counter electrode preferably uses a foil made



insulating layer side, of the foil made of either the metal or the alloy or the
material having the catalytic ability preferably contains therein at least
one or more kinds of elements selected from the group consisting of Pt,
Ru, Ir and C. A thickness of the counter electrode, that is, a total of
thicknesses of the foil made of either the metal or the alloy, and the
catalyst layer, or a thickness of the foil made of the material having the
catalytic ability is preferably equal to or smaller than 0.1 mm from a
viewpoint of the thinning of the dye- sensitized photoelectric conversion

element madyle; Fer-gupperting theicatalyst layer aythe foilinadeof; ca st
either the metal on the alloy, it is possible to use a method of wet-coating

a sohutionrcantaiming thereif acCatabyst or 2= precursof ofthe catajystor a
dry type method such as a sputtering method, a vacuum evaporation

mefiStF6F hitBeRficalivapbr-dépgositiéh (8VD)Tettbd. Jo0RIFTRE . The

_cqucnat%[_:1 Eles?trolde %nd tr%e thrages ag%ntt}gondugtive Layer may be %iéectl [ ous
joined to dach other- df "8 TAY bebinet to E4cH Bitiet throdgh & ©
conductiyematerial., In the latter casg, specifically ;the.counter electrode
and the transparent conductive layer, for example, is joined to each other
threugh:a conductiveiadhesive agéiaterial having the catalytic
ability preferably contains therein at least one or more
kinds of elements selected from the group consisting of
Pt, Ru, Ir and C. A thickness of the counter electrode,
that is, a total of thicknesses of the foill made of
either the metal or the alloy, and the catalyst layer, or
a thickness of the foil made of the material having the
catalytic abillity is preferably equal to or smaller than
0.1 mm from é viewpelnt ¢f the thinning of the dye-
sensitized photoelectric conversion element module. For
supporting the catalyst laver on the foil made of either
the metal on the alley, it 1s possible to use a method of
wet-coating a solution containing therein a catalyst or a
precursor of the catalyst, or a dry type method such as a
sputtering method, a vacuum evaporation methed or a
chemical vapor deposition {(CVD}) method.
(0011
The counter electrode and the transparent

conductive layer may be directly Joined to each other, or



or a low-melting point metal having a melting point of 300C or less, or an
alloy. A commercially available silver, carbon, nickel or copper paste, or
the like can be used as the conductive adhesive agent, and in addition
thereto, an anisotropically conductive adhesive agent or a film-shaped
agent can also be used. In addition, various kinds of low-melting point
metals or alloys such as In and an In-Sn system solder capable of being
joined to the transparent conductive layer can also be used. Moreover,
when a joining portion between the counter electrode and the transparent

conductive layar.directly contactihe elecirolyie, the joinngRATONMAY ria1 .
be protected with the resin or the like, thereby preventing the joining
portiantframidirecily eentacting déhe relectrolyte £ [0 12} Althotighl @ matedial

for the sealing layer is not especially limited, it is preferable to use an
eleéttitallsnsuatiag materiat witlelk hassa higtegas tbarrierptopeérty 1and
which is chemically inactive. 9 Specifically, it is possible to use a resin,

varigis* Khd$ of AdheSivedgerts 4 iads fiit theike. Mbres Tve adents

spegifically, it is ossible 19 Use yariqus kinds of witraviglet (UN) curable

resins such as an epoxy resin,
300°C or less, or an alloy. A commercially available
silver, carbon, nickel or copper paste, or the like can
be used as the conductive adhesive agent, and in addition
thereto, an anisotropically conductive adhesive agent or
a film-shaped agent can also be used. In addition,
varicus kinds of low-melting point metals or alloys such
as In and an In-Sn system solder capable of being joined
tc the transparent conductive layer can also be used.
Morsover, when a Jolning portion pketween the counter
electrode and the transparent conductive layer directly
contact the electrolyte, the Jjoining portion may be
protected with the resin cor the like, thereby preventing
the jeining porticn from directly contacting the
electrolyte.
[0012)

Although.a material for the sealing layer is not

egpecially limited, it 1s preferable to use an
ealectrically insulating material which has a high gas

barrier property, and which 1is chemically inactive.



an urethane resin, a silicone resin, and an acrylic resin, various kinds of
thermosetting resins, a hot-melt resin, a low-melting-point glass frit, or the
like. [0013] An armoring material is preferably provided on the sealing
layer. A material having a high gas barrier property is suitably used as the
armoring material. Specifically, for example, the material having a high
gas barrier property which is equal to or smaller than 100
(cc/m2/day/atm) in permeation rate of oxygen, and is equal to or smaller
than 100 (g/m2/day) in permeation rate of water vapor is used as the

armgdng material. A film; hayving:aigas barries prapedy typified by-ar
armoring film for foods, for example, is used as the armoring material.
Suitablys adiing dieviny a gasbarmierspropesty, whichds obtaineddsy More
laminating at least one or more kinds of materials, each having a gas
bafie? propeny L selddtedFromIhEgrdup cohtfstifif dPARINFREAT Sica
and alumipa, or_the( Ii\lf<e is usgbdl%s JtfheS arrgorig hmgtSerga}i. Thoexarrp:grsing
material g stitably provided TrtegrdiR 16 With the Sealing fEyer So'as to ’
cover the autermost, peripheny, of the sealing.layer, and is-sealed underas ;
reduced pressure and in an inactive gas atmosphere. Such an armoring
materialds pravided grthe.sealinglayety resins, a hot-melt resin,

a low-melting-point glass frit, or the like.

[CO13]

An armoring material is preferably provided on the
sealing layer. A material having a high gas barrier
property is sultably used as the armoring material.
Specifically, for example, the material having a high gas
barrier property which is egual to or smaller than 100
(cc/m*/day/atm) in permeation rate of oxygen, and is egual
to or smaller than 100 (g/m‘/day) in permeation rate of
water vapor is used as the armoring material. A film
having a gas barrier property typified by an armoring
film for foods, for example, is used as the armoring
material. Suitably, a film, having a gas barrier property,
which is cobtained by laminating at least one or more
kinds of materials, each having a gas barrier property,
selected from the group consisting of aluminum, silica

and alumina, or the like is used as the armoring material.

The armoring material is sultably provided integrally
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which results in that gas such as oxygen, or water vapor can be
prevented from penetrating from the outside into the inside of the
dye-sensitized photoelectric conversion element module. Therefore, it is
possible to suppress deterioration of the characteristics of the
photoelectric conversion efficiency or the ‘'like, and it is possible to
improve the durability of the dye-sensitized photoelectric conversion
element module. [00141 The transparent conductive layer formed in a
plurality of areas on the transparent substrate may be patterned before

the,dye-sensitizegh semiconducterlayer.: the-perous insulatingtayet, and
the counter electrode are laminated, or may be patterned after the dye
senpsitizet semicdndbetordayemndhe ppeous nstldting dayer andithe a
counter electrode are laminated. This patterning can be carried out b

ale , . y
UtiFARY B66 VaFBEE UKt 0 GF dfehfy retRodY BoRvEntiomaRPRAGTN, 1286

scribe, physical polishing processing, ar the like. [0015] 11.A surface
W el ELISERi RS il e

on the ransparent, subsirale is.preferable as hesurface resiglateyapor
thereof is set as being lower. Specifically, the surface
can be prevented from penetrating from the outside into
the inside of the dye-sensitized photoelectric conversion
element module. Therefore, it is possible to suppress
deterioration of the characteristics of the photoelectric
conversion efficiency or the like, and it is possible to
improve the durability of the dye-sensitized
photoelectric conversion element module.
[0014]

The transparent conductive layer formed in a
plurality of areas on the transparent substrate may be
patterned before the dye-sensitized semiconductor layer,
the porous insulating layer, and the ccunter eleclrode
are laminated, or may be patterned after the dye-
sensitized semiconductor layer, the porous insulating
layer, and the counter electrode are laminated. This
patterning can be carried out by utilizing the various
kinds of etching methods conventionally known, laser
scribe, physical polishing processing, or the like.

[0015]
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resistance of the transparent conductive layer is preferably equal to or
lower than 500 0/O, and is more preferably equal to or lower than 100
O/D. The known material can be used as a material for the transparent
conductive layer. Specifically, although there are given an indium-tin
composite oxide (ITO), fluorine-doped Sn02 (FTO), antimony-doped
Sn02 (ATO), Sn0O2, ZnO, indium-zinc composite oxide (1ZO), or the like,
the present invention is by no means limited thereto. Also, a material
obtained by combining two or more kinds of materials described above

with one angther can alsebedisgd:dn addition, fek the purpose Of:ne
enhancing a power collection efficiency by reducing the surface

resistangpafdhe transparent <olgyetivé stbstrate: having:-thetransparent
conductive layer formed on the transparent substrate, a wiring made of a
cordiraiveirratéfalsiRtras atmetdl SrearbBhisAng e& higif toRdaefvifr -

may be specially provided. Although there is espegially no limit to th
cordudiive ARtoMAR Bsedii the WG the SoRUUCHS neAteRAT desira

WiTIg, ¢onductive n%%eri%fﬁesirably

has a high gorrosipn esistange, a Nigh oxidation resistance, 12 and a low

leakage current of the conductive material itself. [0016[ A'material for the

trapspatent substrate:is Aot or lower than 500 Q/0, and is more
preferably equal to or lower than 100 Q/fl. The known
material can be used as a material for the transparent
conductive laver. Specifically, although there are given
an indium~tin composite oxide (IT0), fluorine-doped 5n0;
(FTC), antimony-doped Sn0O, (ATO), 5n0z, Zn0, indium-zinc
composite oxide (IZ0O), or the like, the present invention
is by no means limited thereto. Also, a material obtained
by combining two or more kinds of matérials described
above with one another can also be used. In addition, for
the purpose of enhancing a power collection efficiency by
reducing the surface resistance oI the transparent
conductive substrate having the transparent conductive
layer formed on the transparent substrate, a wiring made
of a conductive material such as a metal or carbkon having
a high conductivity may be specially provided. Although
there is especially no limit to the conductive material
used in the wiring, the conductive material desirably has

a high corrosion resistance, a high oxidation resistance,

12



especially limited, and thus various kinds of materials can be used as
long as each of them is transparent. A material which is excellent in
barrier property against the moisture or the gas which penetrates from the
outside of the dye-sensitized photoelectric conversion element, solvent
resistance, weathering resistance, and the like is preferable as the
material for the transparent substrate. Specifically, there are given a
transparent inorganic substrate made of a quartz, a sapphire, a glass or
the like, and a transparent plastic substrate made of polyethylene

tergphithalate, polygthyle nsm@ﬁba@éea&olwéee@%@%%& Lenga,
polyethylene, polypropylene, polyphenylene sulfide, poiyvinylidene

fluaride; 1 tetraacetylcellulose, brominated phenoxy, an aramid class, a
polyimide class, a polystyrene class, a polyarylate class, a polysulfone
clas§ a polyolefin class, or the like. Although of them, the substrate
having a high transmittance in a visible light range is especially,,

preferably Uset: tHE présemtinvBhiton RG hdanSifnftedtheretd. Wiven
the workability ¥”‘P¢ lightweight 13 propedty and.the like are-takeninta ;

consideration, the transparent plastic substrate is preferably used as the
transpareat sybstrate. 1padditiona thickness.@f the {ranspaseat,c. »

substrate is not especially limited, and thus
material which is excellent in barrier property against
the molsture or the gas which penetrates from the outside
of the dye-sensitized photoelectric conversion element,
solvent resistance, weathering resistance, and the like
ig preferable as the material for the transparent
substrate. Specifically, there are given a transparent
inorganic substrate made of a guartz, a sapphire, a glass
or the like, and é transparent plastic substrate made of
polyethylene terephthalate, polyethylene naphthalate,
polycarbonate, pelystyrene, polyethylene, polypropylene,
polyphenylene sulfide, polyvinvlidene fluoride,
tetraacetyicellulose, brominated phenoxy, an aramid class,
a polyimide class, a polystvrene class, a polyarylate
class, a polysulfcne class, a polyolefin class, or the
like. Although of them, the substrate having a high
transmittance in a visible light range is especially,
preferably used, the present invention by no means

limited thereto. When the workability, the light weight
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can be freely selected depending on the transmittance of the light, the
barrier property between the inside and the outside of the dye-sensitized
photoelectric conversion element, and the like. [00177 The dye-sensitized
semiconductor layer is typically a porous semiconductor layer made of
semiconductor fine particles supporting a dye. In addition to an elemental
semiconductor typified by silicon, various kinds of compound
semiconductors, a compound having a perovskite structure, or the like
can be used as the material for the semiconductor fine particle. Each of

these~semicondyctars ig prefesablyanar-type semicanduetos in owhicththe
electrons in a conduction band become the carriers under
photo:excitation te getar anodetawrtent. sConefeehlaxermphfying these
semiconductors are Ti02, ZnO, WO3, Nb205, TiSrO3, Sn02, and the Jike.
Of tRERFPaRARAS SNBSS espedaiiy breteratte FFhE KiGEF Bf °= 1°

semiconductoris by no,means imiled therelo. and thus g Semicanduciqn

ained by mixing two or' more of semiconductors

described above can.also be used, Marenyer thersemicanductoniine. o

particle can take various kinds of forms such as a particle-shaped form, a

tubenshaped formpand arrot=shapec forny dsehayde the inside and
the outside of the dye-sensitized photoelectric
conversion element, and the like.
[00171

The dye-sensitized semiconductor layer is typically

a porous semiconductor layer made of semiconductor fine
particles supporting a dye. In addition to an elemental
semiconductor typified by silicon, varicus kinds of
compound semiconducters, a compound having a perovskite
structure, or the like can be used as the material for
the semiconductor fine particle. Each of these
semiconductors is preferably an n-type semiconductor in
which the electrong in a conduction band become the
carriers under photo-excitation to give an anode current.
Concretely exemplifying, these semiconductors are TiOg,
7n0, WOz, NbaOs, TiSr0;, SnOz, and the like. Of them,
anatase-type Ti0, is especially preferable. The kind of
semiconductor is by no means limited thereto, and thus a

semiconductor material obtained by mixing twoe or more
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necessary. [0018] Although there is especially no limit to a particle
diameter of the semiconductor fine particle, the particle diameter of the
semiconductor fine particle is preferably in the range of 1 to 200 nm in
average particle diameter of the original particle, and is especially
preferably in the range of 5 to 100 nm in average particle diameter of the
original particle. In addition, it is possible that the semiconductor fine
particles each having that average particle diameter are mixed with the
semiconductor fine particles each having an average particle diameter

larger, fhan thataverageparticle diametes-and apvacidant ight ise used.
scattered by the semiconductor fine particles each having the larger
averagecparticle: lametet ctheteby cenlianeing arquantin yreld akrethis
case, the average particle diameter of the semiconductor fine particles

mixed separdieRdis preférabeinstterahtetof 20 i 500 ARRN0615PT5 2

Although there is especially no limit to a method_ of manufacturing the
serhitd ﬁfé?greéyggﬂadg%%tﬁe rs%c%l%%%%ﬁéofﬂﬁl% Sgrtf%?gs,baegwet film
for@é%g%eatpgq is preferable when the physicality, the convenience, the

roois]

Although there is especially nc limit to a particle
diameter of the semiconductor fine particle, the particle
diameter of the semiconductor f£ine particle is preferably
in the range of 1 to 200 nm in average particle diameter
of the original particle, and is especially preferably in
the range of 5 to 100 nm in average particle diameter of
the original particle. In addition, i1t is possible that
the semiconductor fine particles each having that average
particle diameter are mixed with the semiconductor fine
particles each having an average particle diameter larger
than that average particle diameter, and an incident
light is scattered by the semiconductor fine particles
each having the larger average particle diameter, thereby
enhancing a guantum yvield. In this case, the average
particle diameter of the semiconductor fine particles
mixed separately is preferably in the range cf 20 te 500
nm.

[0019]



manufacture cost, and the like are taken into consideration. A method is
preferable in which a paste obtained by uniformly dispersing powders or a
sol of semiconductor fine particles into a solvent such as water or an
organic solvent is prepared and is then applied onto a transparent
conductive substrate. There is especially no limit to a method for the
application, and thus the application can be carried out in accordance
with the known method. For example, the application can be carried out
in accordance with a dip method, a spray method, a wire-bar method, a
spin coat methadugioller coat metbpd-adilade coat methods ok angranvute
coat method. In addition, the application can also be carried out in
accdrdamoeiwith awet printing snéthockl Harer the: weet pratting methed is
typified by various kinds of methods such as anastatic Erinting, offset,

graitiné S Euper Plate prindiig, TUBbEF pldte'Hinting-Ant ecteBA BRAHAG.

When a crystalline titanium %xide is used.as_the material for t@g
h Iite ce, th
ser%ﬁc’cc?nrolel}éc?5?31 %8 p"gf}ﬁgle? aec})yiré}/aslltgifl)elthgr'eor?ll:ge pcr:é) erable an ©

angtase-type frama, 16 vigwpoint of photogatalyticiastivity: The anatase

type titanium oxide may be commercially available powder, sol or slurry.

Or dhe-anrtaseitype timniwnroxide baying a rpiedetérmineddpardicle: st e

diameter may also be made by
ochtained by uniformly dispersing powders or a sol of
semiconductor fine particles into a solvent such as water
or an organic solvent is prepared and is then applied
onto a transparent conductive substrate. There is
especially no limit to a method for the application, and
thus the application can be carried out in accordance
with the known method. For example, the application can
be carried out in accordance with a dip method, a spray
method, a wire-bar method, a spin ccat method, a roller
coat method, a blade coat method, or a gravure coat
method. In additicn, the application can also be carried
out in accordance with a wet printing methcd. Here, the
wet printing method is typified by various kinds of
methods such as anastatic printing, offset, gravure,
copper plate printing, rubber plate printing, and screen
printing. When a crystalline titanium oxide 1s used as

the material for ths semiconductor fine particle, a

crystal type therecf is preferable an anatase type Ifrom a
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utilizing a known method of, for example, hydrolyzing a titanium oxide
alkoxide. When the commercially available powder is used, the
secondary aggregation of the powder is preferably resolved. Also, in a
phase of preparation of the application liquid, the particles are preferably
dispersed by using a mortar, a ball mill, a ultrasonic dispersion device or
the like. At this time, in order to prevent the particles resolved from the
secondary aggregation from aggregating again, it is possible to add
acetylacetone, a hydrochloric acid, a nitric acid, a surface active agent, a

chelate,agent on the like ol addition; farthickening, itis possibledowmge:
various kinds of thickening agents such as a polymer molecule such as
polyethylene oxideler pojyvirylalcokels antlly celluigseodystenvthickersing
agent. [0020] The semiconductor layer made of the semiconductor fine
pafiEles, i Bther WordsMtheBEFAESH dudtsr find 2parfleleialer idaving &

preferably large in surface area thereof so as to be able to adsorb many
seﬁéﬁﬁ?i?éed)?% NS BB this igas(%ﬁ -1 Eﬁﬁa{gg%rggﬁﬁ ags@tar{lé:1 % applying

the semiconductor,fine pagticle layeyzonte.a supparing, hody.ispreferably

10 or more times as large as that of a projected area, and is more

preferably 1000 MOre times de. When the commercially available
powder is used, the secondary aggregation of the powder
is preferably resolved. Alsc, in a phase of preparation
of the application liguid, the particles are preferably
dispersed by using a mortar, a ball mill, a ultrasonic
dispersion device or the like. At this time, in order to
prevent the particles resolved from the secondary
aggregation from aggregating again, it is possible to add
acetylacetone, a hydrochloric acid, a niiﬁic acid, a
surface active agent, a chelate agent or the like. 1In
addition, for thickening, it is possible to add various
kinds of thickening agents such as a polymer molecule
such as polyethylene oxide or polyvinyl alcohol, and a
cellulose system thickening agent.
[00z201

The semiconductor layer made of the semiconductor

fine particles, in other words, the semiconductor fine
particle layer is preferably large in surface area

thereof so as to be able to adsorb many sensitizing dyes.
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as large as that of the projected area. Although there is especially no limit
to an upper limit of this, the surface area is normally about 100 times as
large as that of the projected area. In general, a rate of capturing a light
becomes high because an amount of dyes supported per unit projected
area increases as a thickness of this further increases. However, a loss
due to a recombination of the electric charges also increases because a
diffusion distance of each of the injected electrons increases. Therefore,
although a preferred thickness exists in the semiconductor fine particle

laygr,..the, preferred.thickness-is.generally in the range of 440100 \pmgis
more preferably in the range of 1 to 50 pm, and is especially, preferably in
thectange=6fi 3 ta 30w ItFisn preferatile thatl thesparictes aresnmade-toing
electronically contact each other after the semiconductor fine particle

layep i applied hts aduppotting BEtE antiEe Birnt 2fe¥the purpése of 2

enhancing a film strength, and enhancin gdhes've 0.the substrate

ARG thae & 8petiily 1o IR T0HhE 13AGE of & Burring > = 7=
emperatyre, 18.the huming temperatiite is poumally inthe tange ofd10 14

t
700C, and1s more preferably in the range of 40 to 650C because when
thehwaing terpperature is madesto (igg 4eo 1mueh, afesistance-pkthe

substrate increases, and the
surface area is normally about 100 times as large as that
of the projected area. In general, a rate of capturing a
light becomes high because an amount of dyes supported
per unit projected area increases as a thickness of this
further increases. However, a loss due to a recombination
of the electric chargés alsc increases because a
diffusion distance of sach of the injected electrons
increases. Therefor@; although a preferred thickness
exists in the semiconductor fine particle layer, the
preferred thickness is generally in the range of 1 to 100
ym, is more preferably in the range of 1 to 50 um, and is
especially, preferably in the range of 3 to 30 um. It is
preferable that the particles are made to electronically
contact each other after the semiconductor fine particle
layer is applied onto a supporting body, and are burnt
for the purpose of enhancing a f£ilm strength, and

enhancing adhesive to the substrate. Although there is

especially no limit to the range of a burning temperature,
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substrate may be melt. In addition, although there is especially no limit to
a burning time, the burning time is normally in the range of about ten
minutes to about ten hours. After burning, for the purpose of increasing a
surface area of the semiconductor fine particle layer, and enhancing
necking between the semiconductor fine particles, for example, there may
be carried out chemical plating using a titanium tetrachloride solution, a
necking treatment using a titanium trichloride solution, a dip treatment for
the semiconductor fine particle sol having a diameter of 10 um or less, or

the like Whena Riastic substrate is usedasthe supposting hody-af the o
transparent conductive substrate, it is also possible that a paste
contajriing thereina binderis applied ontonthehsubstrate, and4s then €50°C
pressure-bonded to the substrate by carrying out press hot. [0021] The
dy&supperted sy tHeSeRicoridGCtEETERRT S WO espetidlly Mhited s o7y
as it exhibits a se,nsitizin% operation. For example, there issgiv%r%g h

xafthene SystEfT To We suth A8 RESHAHIEE, roke BaRGAl, edsine or
eniiosing. & cyayne Syslem dve:surh.as mefocyaniis, auingeyanine or

cryptocyanine, a basic dye such as phenosafranine, Cabri Blue, thiocin or
Methylene Blug, g6 1imit to a burning time, the burning time
is normally in the range of about ten minutes to about
ten hours. After burning, for the purpose of increasing a
surface area of the semiconductor fine particle layer,
and enhancing necking between the semiconductor fine
particles, for example, there may be carried out chemical
piating using a titanium tetrachloride solution, a
necking treatment using a titanium trichleoride solution,
a-dip treatment for the semiconductor fine particle sol
having a diameter of 10 um or less, or the like. When a
plastic substrate is used as the supporting body of the
transparent conductive substrate, it is also possible
that a paste containing therein a binder is applied onto
the subsltrate, and is then pressure-bonded to the
substrate by carrving out press hot.
[0021]
The dye supported by the semicenductor layer 1s not
especially limited as long as it exhibits a sensitizing

operation. For example, there is given a xanthene system
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a porphyrin system compound such as chlorophyll, zinc porphyrin, or
magnesium porphyrin. With regard to other dyes, there are given an azo
dye, a phthalocyanine compound, a coumarin system compound, an Ru
bipyridine complex compound, an Ru terpyridine complex compound, an
anthraquinone system dye, a polycyclic quinone system dye, squalirium,
and the like. Of them, the Ru bipyridine complex compound is especially
preferable because a quantum yield thereof is high. However, the
sensitizing dye is by no means limited thereto, and thus two or more

kings.of-sensitizingiyes.described-abeve snay be raixedhwithrone
another. [00221 A method of adsorbing the dye to the semiconductor
layer j& not especially dimitech<Howsver; thesensitiziag dyesdeseribed
above can be dissolved in a solvent such as an alcohol class, a nitrile
clagsiRfrIABEHMES Thydrgearbon hiitle, an'RércREs, dinethny?

sulfoxide, an amjde class, N-methylpyrrolidone, 1, 3-
iR AdaZONd onG L ey ToxazgitinoRe, 2 LSl S Ess 4%

carbapal &!féfn aketope class, hydrocarbon, sand WateprAlso, the ne

semiconductor layer can be immersed in the solvent described above, or

the,dye solution ean rheyapplied antethe semicondtistardgyer] In additicn;
dyes, there are given an azo dye, a phthalocyanine
compound, a coumarin system compound, an Ru bipyridine
complex compound, an Ru terpyridine complex compound, an
anthragquinone system dye, a polycyclic guinone system dye,
squalirium, and the like. Of them, the Ru bipyridine
complex compound is especially preferable because a
quantum yield therecf is high. However, the sensitizing
dye is by no means limited thereto, and thus two or more
kinds of sensitizing dyes described above may be mixed
with one another.
[0022]

A method of adsorbing the dye to the semiconductor
layer is not especially limited. However, the sensitizing
dyes described above can be dissolved in a solvent such
as an alcchol class, a nitrile ¢lass, nitromeithane,
nydrocarbon halide, an ether class, dimethyl sulfoxide,
an amide class, N-methylpyrrolidone, 1, 3~

dimethylimidazolidinone, 3-methyloxazelidinone, an ester
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when the dye having a high acidity, a deoxycholic acid or the like may be
added for the purpose of reducing association between the dye
molecules. After the sensitizing dye is adsorbed, a surface of the
semiconductor electrode may be processed by using an amine class for
the purpose of promoting the removal of the excessively adsorbed
sensitizing dye. Pyridine, 4- tert-butylpyridine, polyvinylpyridine or the like
iIs given as an example of the amine class. When such a amine class is a
liquid, it may be used as it is, or may be dissolved in an organic solvent to

be usegk [0023LAynaterial forthe, paroustipsulatingdayenisdiel- gspesially
limited so long as it has no conductivity. In particular, an oxide containing
thexeih atleast orfeler more kinelsiofeelements setacted fromithe grogpsed
consisting of Zr, Al, Ti, Si, Zn, W and Nb, especially, zircon 4 a, alumina,

titahfia, [ificd B 158 k€ 5S B8 ShERIVAHSEE ToPicENY, &¥ihe drticlebr F7g
oxide is used. A C!%O{%’Sj;;%% t%%?%fou uL”c%Jéatﬂ]”ag{'g‘yef is preferably 21
0 I mmit fo i

equal glp%rger than . oug vhere 1S ho fo an upper]limlt of the

porosity, the peresity.is normally; jreferably. in the of,about 1040 or
about 80% from a viewpoint of the physical strength of the porous
the like may be added for the purpose of reducing
association between the dye molecules.

After the sensitizing dye is adsorbed, a surface of
the semiconductor electrode may be processed by using an
amine class for the purpose of prometing the removal of
the excessively adsorbed sensitizing dye. Pyridine, 4-
tert-butylpyridine, polyvinylpyridine or the like is
given as an example of the amine class. When such a amine
class is a liquid, it may be used as it is, or may be
dissolved in an organic solvent to be used.

[0023]

A material for the porous insulating layer is not
especially limited so long as it has no conductivity. In
particular, an oxide containing therein at least one or
more kinds of elements sslected from the group consisting
of %r, Al, Ti, 8i, Zn, W and Nb, especially, zirconia,
alumina, titania, silica cr the like is desirably used.
Typically, a fine particle of this oxide is used. A

porosity of the porous insulating layer 1s preferably
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insulating layer. The porosity is equal to or smaller than 10%, which
exerts an influence on the diffusion of the electrolyte, thereby remarkably
reducing the characteristics of the dye-sensitized photoelectric
conversion element module. In addition, a micropore diameter of the
porous insulating layer is preferably in the range of 1 to 1000 nm. The
micropore diameter is smaller than 1 nm, which exerts an influence on
the diffusion of the electrolyte, and the impregnation of the dye, thereby
reducing the characteristics of the dye- sensitized photoelectric
comversionelemeptmadide. Mareover: whegrthenmicropere: diameter isc
larger than 1000 nm, there is caused the possibility that short-circuit is
caasedibeeausénthe cafalytie pasticles of the kountere electrdde fnvaiesly,
into the porous insulating layer. Although there is no limit to a method of

matFAEERYY tHE pbrdus difatity BREH the’pdroudanealatihg 1aYer i&

preferably a sintered body of the oxide parti kes geggribeda ove. 0024]
ZZYﬁ%vépc}létfgr? téj%ar (g)hr%b ai%ﬁcoaf%o i?’lre%&gzg and a meétgloigé%e or an

organic idideor @, combinafion.ef- hromine {BE2), and:a metakhromide or

an organic bromide, a metal complex such as a ferrocyanic acid
than 10%, which exerts an Iinfluence on the difiusion of
the electrolyte, thereby remarkably reducing the
characteristics of the dye-sensitized photoelectric
conversion elemsnt module. In addition, a micropore
diamster of the porcus insulating laver is preferably in
the range of 1 to 1000 nm. The micropore diameter is
smaller than 1 nm, which exerts an influence cn the
diffusion of the electrolyte, and the impregnation of the
dye, thereby reducing the characteristics of tﬁe dye-
sensitized photeelectric conversion element module.
Moreover, when the micropore diameter is larger than 1000
nm, there is caused the possibility that short-circuit is
caused because the catalytic particles of the counter
electrode invades into the porous insulating layer.
Although there is nc limit to a method of manufacturing
the porcus insulating layer, the porous insulating layer
is preferably a sintered body of the oxide particles
described above.

[0024]
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chloride/ferricyanic acid chloride, or ferrocene/ferricinium ion, a sulfur
compound such as sodium polysulfide, or alkyl thiol/alkyl disulfide, or a
viologen dye, hydroquinone/quinone, or the like can be used as the
electrolyte. Li, Na, K, Mg, Ca, Cs or the like is preferable as a cation of
the metal compound described above, and a quaternary ammonium
compound such as a tetraalkyl ammonium class, a pyridinium class or an
imidazolium class is preferable as a cation of the organic compound
described above. However, the present invention is by no means limited

thereto. In aqgitign; a; matetial-obigied:by MmiXingrtwe @ mrorerkinds-ef a
materials described above can also be used. Of them, the electrolyte
obtained bywdimbining 42, anddnl Nalwtite , quaternanmammaénim o
compound such as imidazoliumiodide with each other is preferable. A
coriEtitidtfon!BFah: efécGlyfedaitidpratérbly i te FGE oF0DR -5
M for a solyent, arﬁd IS more prefera%g in the range of .0.2 to 3 M for the
solfefit K conCBRr&tion oF 12°6r Brz & preférably in the range of 0.0005

to 1M, andiis/mare 23 preferably in the range. of 9,001 to 0.3 M. In

addition, an additive made of an amine system compound typified by
A-teri-butylpyiding mayi be added-for the pumose-ofenhancing an:apen

voltage.
sodium polysulfide, or alkyl thiol/alkyl disulfide, or a
viologen dye, hydroguinone/quinone, or the like can be
used as the electrelyte. Li, Na, K, Mg, Ca, Cs or the
like is preferable as a cation ¢f the metal compound
described above, and a gquaternary ammonium compound such
as a tetraalkyl ammonium class, a pyridinium class or an
imidazolium class 1s preferable as a cation of the
organic compound described.above. However, the present
invention ig by no means limited theretc. In addition, a
material obtained by mixing two or more kinds of
materials described above can also be used. O0f them, the
electrolyte obtained by combining I, and LiI, Nal or the
quaternary ammonium compound such as imidazoliumiocdide
with esach other ig preferable. A concentration of an
electrolyte salt is preferably in the range of 0.05 to 5
M for a solvent, and is more preferably in the range of

0.2 to 3 M for the solvent. & concentration of I; or Br;

is preferably in the range of 0.0005 to 1 M, and 1s more
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[0025] Water, an alcohol class, an ether class, an ester class, a
carbonate class, a lactone class, a carboxylate class, a triester phosphate
class, a heterocyclic compound class, a nitryl class, a ketone class, an
amide class, nitromethane, hydrocarbon halide, dimethyl sulfoxide,
sulfolane, N-methylpyrrolidone, 1,3-dimethyl imdazolidinone,
3-methyloxazolidinone, hydrocarbon, or the like is given as the solvent
composing the electrolyte composition described above. However, the
present invention is by no means limited thereto, and thus a material

obtained byrnixing twa.ormere kindscafy materals. described ahoveraan,
also be used. Moreover, an ion liquid of a tetraalkyl system, a pyridinium
systengddr animidazaeliun systemiguatepraryrammuniwmndsalyeaf 1akboby
be used as the solvent. [0026] For the purpose of reducing liquid leakage
of the" gyb-sarisitEed phdtGelédificCCorREtsonErnter, Bhar vefatifization
of thehelectrol te, a elatiniz'ﬂg agent, 24 polymer, cross-linked monomer,
or fie ke &AA be' a‘%se()r]vga in the électrolyte composition described
abq\(ﬁ)zg d in addition thereto, inorganic ceramic particles can be
dispersed into the electrolyte composition. Thus, the

Water, an alcohol class, an ether class, an ester
class, a carbonate class, a lactone ¢lass, a carboxylate
class, a triester phosphate class, a heterocyclic
compound class, a nitryl class, a ketone class, an amide
class, nitromethane, hydrocarbon halide, dimethyl
sulfoxide, sulfolane, N-methylpyrrolidone, 1,3-dimethyl
imdazolidinone, 3-methyloxazolidinone, hydrocarbon, or
the like is given ag the solvent composing the
electrﬁlyte compesition described above. However, the
present invention is by no means limited thereto, and
thus a material obtained by mixing two or more kinds of
materials described above can also be used. Mcocreover, an
ion liquid of a tetraalkyl system, a pyridinium system,
or an imidazolium system guaternary ammonium salt can
also be used as the solvent.

[00Z26]

For the purpose of reducing liguid leakage of the

dye-sensitized photoelectric conversion element, and

volatilization of the electrolyte, a gelatinizing agent,
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resulting material can also be used as a gel-like electrolyte. With regard
to a ratio between a gel matrix and the electrolyte composition, when an
amount of electrolyte composition is much, an ion conductivity increases,
but a mechanical strength decreased. Conversely, when the amount of
electrolyte composition is too less, the mechanical strength is large, but
the ion conductivity decreases. Therefore, the electrolyte composition is
desirably in the range of 50 to 99 wt% of the gel-like electrolyte, and is
more preferably in the range of 80 to 97 wt%. In addition, the electrolyte
deseribed apoveand a:plasticizenare:poth-dissalvetiine polymer and the
plasticizer is volatilized to be removed, thereby making it also possible to

realizesa lotatisolid typesdyessensitized phtosietirit :cORverSioEe|lchent -
module. [0027] A method of manufacturing the dye-sensitized

phétisélédtrie Ehversion @isfidit moduRAs riot espetidiy” fifited: °° 2"

However, when the thicknesses of the each layers, 25 the produgtivity,,. y,
thebﬁat(%rsrpgrfesc?goﬁ%ﬁd%g l lseé:r%“?a en into c%%s?deratién, the

semicondugtar layer,the, porous insulating layer .the,catalyst dayer of the

counter electrode, and the sealing layer before the dye
electrolyte. With regard to a ratio between a gel matrix
and the electrolyte compositiocn, when an amount of
electrolyte composition is much, an ion conductivity
increases, but a mechanical strength decreased.
Conversely, when the amount of electrolyte composition is
too less, the mechanical strength is large, but the ion
conductivity decreases. Therefore, the electrolyte
composition is desirably in the range of 50 to 99 wt% of
the gel-like electrolyte, and is more preferably in the
range of 80 to 97 wt%. In addition, the elesctrolyte
described above and a plasticizer are both dissolved in
polymer, and the plasticizer 1s volatilized to be removed,
thereby making it also possible to realize a total solid
type dye-sensitized photoelectric conversion element
module.
[0027]

A method of manufacturing the dye-sensitized

photoelectric conversion element module is not especially

limited. However, when the thicknesses of the each layers,
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is adsorbed are all preferably formed by utilizing the wet application
method such as the screen printing or the spray application, and are
especially, preferably all formed by utilizing the screen printing. The
semiconductor layer and the porous insulating layer before the dye is
adsorbed are preferably formed by the application and burning of the
paste containing therein the particles composing the respective layers.
The porosities of the respective layers are determined depending on a
ratio between the binder component and the particles of the paste. The

catalystlayer.en the fail madenfieither the metal o the alloy is direeted: re
toward the porous insulating layer side, and the counter electrode is
joinedkto thentransparenteconductivetiaye s of the adjatent dyersensitized
photoelectric conversion element. Although the adsorbing of the dye to

the> SBMiIEoRBIEELR Tayer isi3idterabl\fcaftictl oGt efors thé fedditter

electrode is joined to the transparent conductive layer,.it may be carried
s The ;% P DG AR
out &it&i e c?c?ur?t%?% 8ctré élp |J§k}§|n%%at%1tﬂg teéLaa sp%reﬁ?goﬁd%ct?ve e

layer. After,the 26 iqiping of the.counter eleciiqde; the eptire dygsg che
sensitized photoelectric conversion element is fixed so as to be covered
withdhe sealingdayen Atdbis-timesan liguidiinjectionchkelerfot inttoduction: he
of the electrolyte
spray application, and are especially, preferably all
formed by utilizing the screen printing. The
semicenductor layer and the porous insulating layer
before the dye 1g adsorbed are preferably formed by the
application and burning of the paste containing therein
the particles composing the respective layers. The
porosities of the respective layers are determined
depending on a ratio between the binder component and the
particles of the paste. The catalyst layer on the foil
made of either the metal or the alloy is directed toward
the porous insulating layer side, and the counter
electrode is joined to the transparent conductive layer
of the adjacent dye-sensitized photoelectric conversion
element . Although the adsorbing of the dye to the
semiconductor layer is preferably carried out before the
counter electrode is joined to the transparent conductive

layer, it may be carried out after the counter electrode

is joined to the transparent conductive layer. After the
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is preferably left. After the electrolyte is enclosed into the inside of the
sealing layer through the liquid injection hole, the liquid injection hole is
preferably covered with the armoring material, and the sealing is
preferably carried out under the reduced pressure or in the inert
atmosphere. [0028] The dye-sensitized photoelectric conversion element
module can be manufactured into various shapes depending on
applications thereof, and thus the shape thereof is not especially limited.
The dye-sensitized photoelectric conversion element module is most
typicaky struettired asdhendye-sensitizeddsolarioellamodute. Hewever, the
dye-sensitized photoelectric conversion element module may also be
streeturetliasdny bHierdgiedsle Oriebiffer than thé YRl Sehsitizettsblar
cell module, for example, as a dye- senfi%izedlphotosenggr or the {ike.e

[0GF] Accsidiity fo-fie Yeddnd iifvetition: there 427 provided a methdd
of Manufaculing. sye-sensitized BHOIOGIEAUG GANKErSiQN elaent o1 yre

aving a plurality of dye-sensitized photoelectric conversion

elemepts-electrically connectedin.sefies with &neclyte is enclosed

into the inside of the sealing layer through the liquid

injection hole, the liguid inijection hole is preferably

covered with the armoring material, and the sealing is

preferably carried out under the reduced pressure or in

the inert atmosphere.

[oo2s]

The dye-sensitized photoelectric conversion element
module can be manufactured into various shapes depending
on applications thereof, and thus the shape thereofAis
not especially limited.

The dye-sensitized photoelectric conversion element
module is most typically structured as the dye-sensitized
solar cell module. However, the dye-sensitized
rhotoelectric conversion element module may also be
structured as any other suitable one other than the dye-
sensitized solar cell module, for example, as a dye-
sensitized photosensor cor the like.

[00289]

According to the second inventicon, there 1is
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another, the manufacturing method being characterized by having: the
process for structuring the dye-sensitized photoelectric conversion
element by laminating a transparent conductive layer, a dye-sensitized
semiconductor layer, a porous insulating layer, and a counter electrode in
order in a plurality of areas on a transparent substrate, in this case, the
counter electrode being formed from a foil made of either a metal or an
alloy having a catalyst layer on one surface, on a side of the porous
insulating layer, or a foil made of a material having a catalytic ability, and
elgstrcally connestingdhe transparest cenductiveliayes of oneicyet
sensitized photoelectric conversion element, and the counter electrode of
theobther-dyessensitized vphsetoalesthietsorversidnleleArent td each other
in a portion between the two dge-sensitized photoelectric conversion

eldméntsadiacent {/&acH 1RE JPHRESE T6F impredratifig At idast the
dye-seneiized, pemicondyqlorjaugand ihe potays Insulating layer with

an'e éetr:ptrolﬁe; and t (_e*proc s for covering the dye 28 sensitized
phatgelectric canyersionselements yith ansealing layesni0030] Jhe-eedery

of the process for impregnating at least
having: the process for structuring the dye-sensitized
photoelectric conversion element by laminating a
transparent conductive layer, a dye-sensitized
semiconductor layer, a porcus insulating layer, and a
counter electrode in order in a plurality of areas on a
transparent substrate, in this case, the counter
electrode being formed from a foil made of either a metal
or an alloy having a catalyst layer on cne surface, on a
side of the porous insulating iayer, or a foll made of a
material having a catalytic ability, and electrically
connecting the transparent conductive layer of one dye-
sengitized photoelectric conversicon element, and the
counter electrode of the other dye-sensitized
photoelectric conversion element to each other in a
portion between the two dye-sensitized photoelectric
conversion elements adjacent to each other; the process
for impregnating at least the dye-sensitized
semiconducter layer and the porous insulating layer with

an electrolyte; and the process for covering the dye-
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the dye-sensitized semiconductor layer and the porous insulating layer
with the electrolyte, and the process for covering the each dye-sensitized
photoelectric conversion elements with the sealing layer is no object, and
thus any of these processes may be carried out. In the second invention,
with regard to any of the matters other than the foregoing, the matter
described in connection with the first invention is established unless it
departs from the nature thereof. [0031] According to the third invention,
there is provided an electronic apparatus having a dye-sensitized
phetaelgetric.comiessionielement meduler she elecirenie tappdratus being
characterized in that: the dye-sensitized photoelectric conversion element
mogitae hag tkansparent conductive layers in a plurality of areas,

res ectlvely on a transparent substrate; the dye-sensitized photoelectric
corvetsibn element is structured by laminating a dye-sensitized

semlcondu%&gr Iayec{ a porous i insulatin Ia¥% a{hqlgu ggn%%r}{gr gljj%%

in order on etransparent condLﬁ:tlve ayer, t nter electiode is

formed fiom.a foi made.af &ithersnmetator an plioy fiavinga gasalys

layer on one
insulating layer with the electrolyte, and the process

for covering the each dye~sensitized photoelectric
conversion elements with the sealing layer is no object,
and thus any of these processes may be carried out.

In the second invention, with regard to any of the
matters other than the foregoing, the matter described in
connection with the first invention is established unless
it departs from the nature thereof.

00317 |

according to the third invention, there is provided
an electronic apparatus having a dye-sensitized
photoelectric conversion element nmodule, the electronic
apparatus being characterized in that:

the dye-sensitized photoeslectric conversion element
module has transparent conductive layers in a plurality
of areas, respectively, on a transparent substrate;

the dye-sensitized photoelectric conversion element
is structured by laminating a dye-sensitized

semiconductor layer, a porous insulating layer, and a
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surface, on a side of the porous insulating layer, or a foil made of a
material having a catalytic ability; the transparent conductive layer of one
dye- sensitized photoelectric conversion element, and the counter
electrode of the other dye-sensitized photoelectric conversion element
are electrically connected to each other in a portion between the two dye-
sensitized photoelectric conversion element adjacent to each other; at
least the dye-sensitized semiconductor layer and the porous insulating
layer are impregnating with an electrolyte; and each of the dye-sensitized
phetaelectriccoenversion elements-isceovered with axsealing layeri 0032k
The electronic apparatus may be basically any type one, and thus
includes-portable type one and stationary type one. Giving concrete
examples, there are a mobile phone, a mobile device, a robot, a personal

computer, &forrboAFG ApParatusC Yaridas KHIESf hoffe Elettic 3§39° ©F

e s B LA SR e, o

used as.a.power source.of any ot these glectronic appatatusesr, or a
foill made of a material having a catalytic ability;

the transparent conductive layer of one dye-
sensitized photoelectric conversion element, and the
counter electrode of the other dye-sensitized
photeoelectric conversion element are electrically
connected to each other in a portion between the two dye-
sensitized photoelectric cenversion element adjacent to
each other;

at least the dye-sensitized semiconductor layer and
the porous insulating layer are impregnating with an
electrolyte; and

each of the dye-sensitized photoelectric conversion
elements is covered with a sealing layer.l
[0032]

The electronic apparatus may be basically any type
one, and thus includes portable type one and stationary
type one. Giving concrete examples, there are a mobile
phone, a mobile device, a robot, a personal computer, an

on-board apparatus, various kinds of home electric
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In the third invention, with regard to any of the matters other than the
foregoing, the matter described in connection with the first invention is
established unless it departs from the nature thereof. [0033[ According to
the present invention constituted as described above, since only one
sheet of substrate is required to be used, and the counter electrode is
formed from the foil made of either the metal or the alloy having the
catalyst layer thereon or the foil made of the material having the catalytic
ability, the counter electrode can be structured so as to be thin, which
resulisiindhat the thianing=and the weight savingzefthet dyessensitized
photoelectric conversion element module are possible. In addition, the
materialifor the folh rradd cofteither tha vastl of tie Alle) tafd We Pnatefial
for the foil having the catalytic ability which compase the counter

elettidielgre Wil it e A o $818cfion 2and thustRgre &ng FPOver

restriction to a phase of me mat ri'al for the countet electrode. Moreover,
since theé dye 3f%%n%Ttiz%deggm;%co%%uc?orllgyé%gand the counter

electrode arg sqparaigd-from: gagh other threughdhe pereus angulatinghe

layer, the dye of the dye-sensitized semiconductor layer can be

prevented from being adsothed foregoing, the matter described in
connection with the first invention is established unless
it departs from the nature theresof.
[0G33]

According to the present inventlon constituted as
described above, since only one sheet of substrate is
required to be used, and the counter electrode is formed

rom the foil made of either the metal or the ailoy
having the catalyst layer thereon cor the foil made of the
material having the catalytic ability, the counter
electrode can be structured so as to be thin, which
results in that the thinning and the weight saving of the
dye-sensitized photoelectric conversion element module
are possible. In addition, the material for the foil made
of either the metal or the alloy, and the material for
the foil having the catalytic ability which compose the
counter electrode are wide in the range of selection, and
thus there is no restriction to a phase of the materilal

for the counter electrods. Moreover, since the dye-

31



on the counter electrode, and thus no deterioration of the characteristics
is caused. [0034] According to the present invention, it is possible to
realize the dye-sensitized photoelectric conversion element module for
which the thinning and the weight saving are possible, in which there is
no restriction to the phase of the material for the counter electrode, and
which has the same performance of the electric power generation as that
of the dye-sensitized solar cell module having the Z type structure. Also, it
is possible to realize the high-performance electronic apparatus by using

thesexcallent dyessensitized photoelgctiic, copversien elemest modiderode
Brief Description of Drawings [0035] [FIG. 1] FIG. 1 is a cross sectional
viexrof aspainesperfionr of aedyérsenbiizedphotgéletctric coneaision
element 32 module according to a first embodiment of the present
inventisha[FIcy 284G, IR % 88p Plark Vevd BF 156 Hidih idoition of the

dy%§§925§§35¥y¥0f§§§90ggQVggﬂgggﬁggggg from being adsorbed

on the counter electrode, and thus no deterioration of
the characteristics 1s caused.
[0034]

According to the present invention, it is possible
to realize the dye-sensitized photoelectric conversion
element module for which the thinning and the weight
saving are possible, in which there is no restriction to
the phase of the material for the counter electrode, and
which has the same performance of the electric power
generation as that of the dye-sensitized solar cell
module having the Z type structure. Also, it is possible
to realize the high-performance electronic apparatus by
using the excellent dye-sensitized photoelectric

conversion element module.

Brief Descripticn of Drawings
[0035]
[FIG. 1]
FIG. 1 is a cross sectional view of a main portion

of a dye-sensitized photeoelectric conversion element
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module according to the first embodiment of the present invention. [FIG.
2B] FIG. 2B is a top plan view of the main portion of the dye-sensitized
photoelectric conversion element module according to the first
embodiment of the present invention (part 1). [FIG. 3A] FIG. 3A is a cross
sectional view for explaining a method of manufacturing the
dye-sensitized photoelectric conversion element module according to the
first embodiment of the present invention (part 1). [FIG. 3B] FIG. 3B is a
cross sectional view for explaining a method of manufacturing the

dyg-sensitized-phetoeledtric .conversianelementmodule: ascerding e the
first embodiment of the present invention (part 2). Best Mode for Carrying
Out thetrmvdention 33 FO0361 Hereinafter, embodiments of the present
invention will be described with reference to the drawings. FIG. 1, FIG. 2A
and F&: 2Beach show a dye- sensitized photoelectric conversion
element module according to a firit embpdiment %the present invention

FIG. ZA is & top plan view oL & maln portidn of
the dye-sensitized photoelectric conversion element
module according to the first embodiment of the present
invention,

[FIG. 2B]

FIG. 2B is a top plan view of the main portion of
the dye-sensitized photoelectric conversion element
module according to the first embodiment of the present
invention (part 1).

[FIG. 3A]

FIG. 3A is a cross sectional view for explaining a
method of manufacturing the dye-sensitized photoelectric
conversion element module according to the first
embodiment of the present invention (part 1}.

[FIG. 3B]

FIG. 3B is a cross sectional view for explaining a

method of manufacturing the dye-sensitized photoelectric

conversion element module according to the first

embodiment of the present invention (part 2).

Best Mode for Carrying Out the Invention
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and FIG. 1 is a cross sectional view of a main portion, and FIG. 2A is a
top plan view thereof. FIG. 1 corresponds to an enlarged cross sectional
view taken on line X-X of FIG. 2A. As shown in FIG. 1 and FIG. 2A, in this
dye- sensitized photoelectric conversion element module, a plurality of
stripe-shaped transparent conductive layers 2 are provided on an
insulating transparent substrate 1 in parallel with one another. A
stripe-shaped dye- sensitized semiconductor layer 3, a stripe-shaped
porous insulating layer 4 and a stripe-shaped counter electrode 5 which
ext;La@@i?}i@lthe same direction as that of each of the transparent conductive
layers 2 are laminated in order on each of the transparent conductive
layers 2, theseby siriichiringeach iofhessertsitired pheteelectricvention
conversion elements. At least the dye-sensitized semiconductor layer 3
and {Hé perods isulathag teydr 4 sdrerenmtirelytitn pragnated Withsan
electrolyte. The counter 34 electrode 5 is formed from a foil made of either

a metal or Ah%iloy cdntaning thefdin at ledst ofe-Or FSTE Kinds “of
elements selected Iram (e gioup consysing ohTL My Gt FeMa<Ta, W,
i wit ini i

Co and Zr, provide a catalyst layer containing therein at least one or
moge Kinds; af; elements selected fromdhe greup gengisting:of R Rihdion,

and FIG. 1 is a cross secticnal view of a main portion,
and FIG. 2A is a top plan view thereof. FIG. 1
corresponds to an enlarged cross sectional view taken on
line X-X of FIG. ZA.

As shown in FIG. 1 and TIG. 24, in this dye-
sensitized photbelectric conversion element moduls, a
plurality of stripe-shaped transparent conductive layers
2 are provided én an insulating transparent substrate 1
in parallel with one another. A stripe-shaped dye-
sensitized semicenductor layer 3, a stripe-shaped porous
insulating layer 4 and a stripe-shaped counter electrode
5 which extend in the same direction as that of each of
the transparent conductive layers 2 are laminated in
order on each of the transparent conductive layers 2,
thereby structuring each of dye-sensitized photoelectric
conversion elements. At least the dye-sensitized

semiconductor layer 3 and the porous insulating layer 4

are entirely impregnated with an electrolyte. The counter
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and C on one surface, on a side of the porous insulating layer 4, or from a
foil made of a material containing therein at least one or more kinds of
elements selected from the group consisting of Pt, Ru, Ir and C. In this
case, a width of the dye-sensitized semiconductor layer 3 is smaller than
that of the transparent conductive layer 2, and a portion thereof adjacent
to one side in a longitudinal direction of the transparent conductive layer
2 is exposed. A width of the porous insulating layer 4 is larger than that of
the dye-sensitized semiconductor layer 3, and the porous insulating layer

4 isiprovided se asstoreqvardheentire dyg-sensitized rsemiconductetal
layer 3. One end of the porous insulating layer 4 extends along one side
surdfaceof hé dye=sensitizédsemontucidr layers torcontactthee kinds
transparent substrate 1, and the other end thereof extends along the

other sideerate BT RE TRe- SensitiZd S8mitbrithitidriayRr 34b dontalit -

the 35 transparent conductive la ré}.ﬂln addition, one.end of th cqunter
electrode™ of heTaaye-%Léng |z%g§p 6foe%8t‘rfi<l:%%ér)lv%%§%naelgﬁn%ant¥§

joined,to the. fransparent canductive layer 2.of the adjagentdyenys of

sensitized photoelectric conversion element through a conductive

material-6.tAs adesulica piurality pEdyesup consisting of Pt, Ru, Ir
and C on one surface, on a side of the porous insulating
layer 4, or from a foil made of a material containing
therein at least one or more kinds of elements selected
from the group consisting of Pt, Ru, Ir and C. In this
case, a width of the dye-sensitized semiconductor layer 3
is smaller than that of the transparent conductive layer
2, and a portion thereof adjacent to one side in a
longitudinal direction of the transparent conductive
layer 2 is exposed. A width of the porous insulating
layer 4 is larger than that of the dye-sensitized
semiconductor layer 3, and the porous insulating layer 4
is provided so as to cover the entire dye-sensitized
semiconductor layer 3. One end of the porous insulating
layer 4 extends along one side surface cf the dye-
sensitized semiconductor layer 3 to contact the
transparent substrate 1, and the other end thereof
extends along the other side surface of the dye-

sensitized semiconductor layer 3 to contact the
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sensitized photoelectric conversion elements are electrically connected in
series with one another. The number of dye-sensitized photoelectric
conversion elements connected in series with one another is selected as
may be necessary. A sealing layer 7 is provided so as to cover a portion
defined by the counter electrode 5 and the porous insulating layer 4
between each two dye- sensitized photoelectric conversion elements, and
an entire surface of the counter electrode 5. Each of the dye-sensitized
photoelectric conversion elements is sealed with the sealing layer 7.

Moreqyer, ANRIMeHRgfilm C%r maerig material) %@%ﬁiﬁtqfo% gasharger o
material Is bonded to the entire surface of the sealing layer 7. A top plan
vienhebtatned by erllarging departion (@anporipa- sarreimdeddy a chain line
in FIG. 2A) of the porous insulating layer 4, the counter electrode 5 and
thePBehffg $ayErF i ShowhIh FIG 2B 003 7] 36 A serhicenddctor fine
particle layer obtained by supporting a dye in is used as the

dye-SeRSIEE" SeriESHAUF 1ayer 3. A résin A BIASs fitor theiiks, for
exapuple, js usgd as the.sealing laver 7, A flm whish js,eaug) 1g pr smaller

than 100 (cc/m2/day/atm) In permeation rate of oxygen, and is equal to or
smalleluctive material 6. As a result, a plurality of dye-

sensitized photoelectric conversion elements are
electrically connected in series with one another. The
number of dye-sensitized photoelectric conversion
elements connected in series with one another 1s selected
as may be necessary. A sealing lavyer 7 is provided so as
to cover a portion defined by the counter electrode 5 and
the porous insulating layver 4 between sach two dye-
sensitized photoelectric conversion elements, and an
entire surface of the counter electrocde 5. Each of the
dye~-sensitized photoelectric conversion elements is
sealed with the sealing layer 7. Moreover, an armoring
film (armoring material) made of a gas barrier material
is bonded tc the entire surface of the sealing layer 7. A
tep plan view obtained by enlarging a portion {a portion
surrounded by a chain line in FIG. 2A) of the porous
insulating layer 4, the counter electrode 5 and the
sealing layer 7 is shown in FIG. ZB.

(0037}
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than 100 (g/m2/day) in permeation rate of water vapor is suitably used as
the armoring film 8. Materials which are selected from these previously
given as may be necessary can be used for the transparent substrate 1,
the transparent conductive layer 2, the dye- sensitized semiconductor
layer 3, and the porous insulating layer 4, and the counter electrode,
respectively. [0038[ Next, a description will be given with respect to a
method of manufacturing the dye-sensitized photoelectric conversion
element module. Firstly, as shown in FIG. 3A, after the transparent

substrate 14s prepargth and.thertransparent condugtjve layes 2rsdopned
over the entire surface of the transparent substrate 1, the transparent

conrapeibse: lyer a2 dy patterned inte s$trpe shapas dy=etching. Nekt, a

paste into which the semiconductor fine particles are 37 dispersed is
apptiad apadyedeterined gap ohts eathrof tHe- faRsparerft contictives:
layers 2. Next, the ,transgarent su‘gnstrate is heated at a7prelq_let ”f]ineglj,ch
tempP&r st T St the sémicondtietsrfine Particlés  thereby forming a

serplconguictot lave mads PLING EMIEANdYEID e paridle sintered
body. Next, the
permeation rate of oxygen, and is equal to or smaller
than 100 (g/m‘/day) in permeation rate of water vapor is
suitably used as the armoring film 8.

Materials which are selected from these previously
given as may be necessary can be used for the transparent
substrate 1, the transparent conductive layer 2, the dye-
sensitized semiconductor laver 3, and the porous
insulating laver 4, and the counter electrode,
regpectively.

[0038]

Next, a description will be given with respect to a
method of manufacturing the dye-sensitized photoelectric
conversion eliement module.

Firstly, as shown in FIG. 3A&, after the transparent
substrate 1 is prepared, and the transparent conductive
layer 2 is formed over the entire surface of the
transparent substrate 1, the transparent conductive layer
2 is patterned into stripe shapes by etching. Next, a

paste into which the semiconductor fine particles are
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transparent substrate 1 on which the semiconductor layer made of the
semiconductor fine particle sintered body is formed, for example, is
immersed in a dye solution, thereby supporting a dye for sensitizing in the
semiconductor fine particles. In such a manner, the dye- sensitized
semiconductor layer 3 is formed on each of the transparent conductive
layers 2. Next, after the porous insulating layer 4 is formed over the entire
surface, the porous insulating layer 4 is patterned into stripe shapes by
etching. Next, after the conductive material 6 is formed on a joining

podian.to-thescordugier electrade;Speneach-efithedrangpareat each of
conductive layers 2, the counter electrode 5 having the catalyst layer on
onehsurfaee of theficil nradb:otéitker tneemetal .or thecalloy:raving the
predetermined shape, or the counter electrode 5 formed from the foll

madeFPRI ARieAaTVIAG the datalfRREasTiG " iSrehrAFERdTS B5eh

joined to the conductive materjal 6. 38 [0039]. Next, as show iQtFlgl. 3B,
the S8&IfHG fayeT gﬁi% ?olrrr{wpéed oj\tla}é?thseerﬁéﬁ?onn&gg%r?éd Jbﬁﬁelg(]:aou nter

electrode;, 5 angd the, porous.jnsulating.layer #hetweeneach twadLye-

sensitized photoelectric conversion elements, and the entire surface of

theseaunier gleatrade brexcept farcde sintered body. Next, the
transparent substrate 1 on which the semiconductor layer
made of the semiconductor fine particle sintered body is
formed, for example, is immersed in a dye solution,
thereby supporting a dye for sensitizing in the
semiconductor fine particles. In such a manner, the dye-
sensitized semiconductor lavyer 3 1is formed on each of the
transparent conductive layers 2, Next, after the porous
insulating layer 4 is formed over the enﬁir@ surface, the
porous insulating layer 4 is patterned into stripe shapes
by etching. Next, after the conductive material 6 is
formed on a joining portion to the conductor electrode O
on each of the transparent conductive layers Z, the
counter elecirode 5 having the catalyst layer on ons
surface of the foil made of either the metal or the alloy
having the predetermined shape, or the counter electrode
5 formed from the foil made of the material having the
catalytic ability, is formed and is then joined to the

conductive material ©.
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portion in which a liquid injection hole (indicated by reference numeral 8
in FIG. 2A) for each dye-sensitized photoelectric conversion element is
formed. Next, an electrolytic solution is injected through the liquid
injection hole 9 previously formed every dye- sensitized photoelectric
conversion element, thereby impregnating entirely each of the
dye-sensitized semiconductor layer 3 and the porous insulating layer 4
with the electrolyte. Next, the armoring film 8 is bonded to the entire
surface of the sealing layer 7. The dye-sensitized photoelectric conversion
elemgntsmodule shown in FIG. 1 and FIG. 2A is manufactured in the
manner as described above. [0040] Next, a description will be given with
respect to ae-operatoniofithe dyerSensitized phetastedtiicyg coayersion is
element module. 39 A light which is transmitted through the transparent
substEted ®ybé rhddelnEiHent front e drdnspdientsibstatest 3ide ode
excites the dye of the dye- sensitized semiconguctor layer 3 to epgcr)atgye_

an %Feaclfpon?h?hiEOeﬁSBﬁqﬁr??ﬁb?cW%eﬁ@gr%ﬁ omthEdYe 15 the -
SG@&QQ%%E%I’JI%%8@5%%!%%9£{l&6 gé{gﬁ%%t&?de lements, and the

entire surface of the counter electrcede 5 except for a
portion in which a liguid injection hole {indicated by
reference numeral 8 in FIG. 2A) for each dyefsensitized
photoelectric conversion element is formed.

Next, an electrolytic solution is injected through
the liguid injection hole 9 previously formed every dye-
sensitized photoeleétric conversion element, Tthereby
impregnating entirely each ¢f the dye-sensitized
semiconductor layer.3 and the porous insulating layer 4
with the electrolyte.

Next, the armoring film 8 is bonded to the entire
surface of the sealing layer 7.

The dye-sensitized photoelectric conversion element
module shown in FIG. 1 and FIG. 2A is manufactured in the
manner as described above.

0040

Next, a description will be gilven with respect to

an operation of the dye-sensitized photoeslectric

conversion element module.
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semiconductor layer 3. On the other hand, the dye which has lost the
electron receives an electron from an ion in the electrolyte with which
each of the dye-sensitized semiconductor layer 3 and the porous
insulating layer 4 are entirely impregnated, and a molecule which has
delivered the electron receives an electron again on the surface of the
counter electrode 5. An electromotive force is generated between the
transparent conductive layer 2 electrically connected to the
dye-sensitized semiconductor layer 3, and the counter electrode 5 in

accordanceswithdhe sgries:of reactionsy T he-phetoelectric.ganversion is
carried out in the manner as described above. In this case, a total
electromative:rforcaiobthezelectromotive fordes D eadhrdyetsensitized
photoelectric conversion elements is generated between the transparent

corrd@etireaagRE 25t therdyie sénsitizedepRéicetedthit cOifve?Sion SlemEt

in one end of a plurality of d%/e-ser%sitized hgtoelectric conversiopedé

elePieits Cotie il T SBHAS With oRéAncther ahd the: coufter electrode”
5 of the dye-sensitized photoslectiic; conyersion glement iy the.ather end

thereof. [0041[ According to thé first embodiment, the counter electrode 5

can bg:structurad-to bethinhecause-onlyrthehe dye-sensitized
semiconductor layer 3. On the other hand, the dye which
has lost the electron receives an electroen from an ion in
the electrolyte with which each of the dye-sensitized
semiconductor layer 3 and the porous insulating layer 4
are entirely impregnated, and a mclecule which has
delivered the electron receives an electron again on the
surface of the counter electrode 5. An electromotive
-force is generated between the transparent conductive
layer 2 electrically connected to the dye-sensitized
semiconductor layer 3, and the counter electrode 5 in
accordance with the series of reactions. The
photoelectric conversion 1s carried out in the manner as
described above. In this case, a total electromotive
force of the electromotive forces of each dye-sensitized
photoelectric conversion elements 1s generated between
the transparent conductive layer 2 of the dye-sensitized
photoelectric conversion element in one end of a

plurality of dye-sensitized photoelectric conversion
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transparent substrate i is required to be used as the substrate, and the
counter electrode 5 is formed from the foil made of either the metal or the
alloy having the catalyst layer thereon, or the foil made of the material
having the catalytic ability. As a result, the thinning and the weight saving
of the dye-sensitized photoelectric conversion electrode module are
possible. In addition, the material for the foil made of either the metal or
the alloy having the catalyst layer thereon or the material for the foil
having the catalytic ability which compose the counter electrode 5 are

widg, in.the tangs, ot selection, and thusthere s, poggstiction torthe: he
phase of the material for the counter electrode. Moreover, since the
dye-sensiizedl semicond Uctor]ayes 3danrd the: counterelgctrodels areic
separated from each other through the porous insulating layer 4, the dye
of thedpesdensitizemsemiésndicto? 1yer 38anbeepented from being
adsaorbed on the counter electrode 5, and thus no 41 deterioration of the
charitieristics is caused. Therefore, it is possible to realize the

dye-sensitized phgtaleqicisanversion elementadule.wbictlias the

same performance of the electric power generation as that of the
dye-sensitized solangelh medulehaving the Ztypenstiugtitteuieadditipnthe

thereto, each of the dye
transparent substrate I 1s required tc be used as the
substrate, and the counter electrode - is formed from the
foil made of either the metal or the alloy having the
catalyst layer thereon, or the foil made of the material
having the catalytic ability. As a result, the thinning
and the weight saving of the dye-sensitized photoelectric
conversion electrode module are possible. In addition,
the material for the foil made of elther the metal or the
alloy having the catalyst layer thereon or the material
for the foil having the catalytic ability which compose
the counter electrode 5 are wide in the range of
selection, and thus there is no restriction to the phase
of the material for the counter electrode. DMoreover,
since the dye-sensitized semiconductor layer 3 and the
counter electrode 5 are separated from each other through
the porous insulating layer 4, the dye of the dye-
sensitized semiconductor layer 3 can be prevented from

being adsorbed on the counter electrode 5, and thus no
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sensitized photoelectric conversion elements is sealed with the sealing
layer 7, and the armoring film 8 made of the gas barrier material is
bonded to the entire surface of the sealing layer 7. Therefore, gas such
as oxygen, or water vapor can be prevented from penetrating from the
outside into the inside of the module. Therefore, it is possible to suppress
deterioration of the characteristics such as the photoelectric conversion
efficiency. For this reason, it is possible to realize the dye-sensitized
photoelectric conversion element module which can maintain the

exgellent;charactatisties far.a long period; of time, anduwhichuhasthehigh e,

durability. [0042] A description will now be given with respect to Examples

of the dyersensitized photoelacttie canvetsion selemeritzaddule. Example

1 After an FTO film was formed on a glass substrate, 42 the FTO film was

pattbrriat by ctehingtersighEstipes SHapel patterhs so'asto Wefine's

gap, having a width of 0.5 mm, begwgen each two strig§é§gQQ%% pagtew]sa. .

AftEF el Sl REGAI Qe 8ning Was CHrtied ok By dsiflg "acétone, alcohol:

an alkaly (e SGA0IN Jau'ch 7l WLARUIRMAT IAVARG AR/ RGpe

was sufficiently
structure. In addition thereto, each of the dye-
sensitized photoelectric conversion elements is sealed
with the sealing layer 7, and the armoring film 8 made of
the gas barrier material is bonded to the entire surface
of the sealing layer 7. Therefore, gas such as oXygen, OI
water vapor can be prevented from penetrating from the
outside intc the inside of the module. Therefore, it 1is
possible to suppress deteriocration of the characteristics
such as the photoelectric conversion efficiency. For this
reason, it is possible to realize the dye-sensitized
photoelectric conversion element module which can
maintain the excellent characteristics for a long period
of time, and which has the high durability.
[0042]

A description will now be given with respect to

Examples of the dye-sensitized photoelectric conversion
element module.

Example 1

After an FTC film was formed on a glass substrate,
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carried out. A titanium oxide paste made by Solaronix was applied onto
the glass substrate so as to obtain eight- shaped patterns (a total area
was 16 cm2) each having a width of 5 mm, and a length of 40 mm by
using a screen printer. With regard to the paste, a transparent Ti-
Nanoxide TSP paste, and a Ti-Nanoxide DSP containing therein
scattering particles were laminated in order from the glass substrate side
S0 as to have a thickness of 7 pm, and a thickness of 13 pm, respectively.
As a result, a porous Ti02 film having a thickness of 20 um in total was
obtainedwAfter the paroys: Ti02filgy was burt iman: electreal futndge:at
500C for 30 minutes, and the standing to cool was then carried out, the
porsus EiD 2 dilmawas immersetdn ©:£ imel/k of acTiCl4 solution, wWas- thetd
at 70C for 30 minutes, and was sufficiently cleaned by using pure water

and eth&Hol. PHer)inke e prods PO RARES RAHT&FB60C forsg

minutes. In such a 43 way, a Ti02 sintered body was manufac red.
ooﬁ%ﬁﬁexﬁfﬁ 5?58&5%5&3 for ézgre%%spﬁﬁtlrﬁ:gl\efv icoﬁlrpwgg ptrzégarggd ata

pregdetermined,visgasity by using gthyl cellulgse affer splvenfquis, and

displacement to terpineol was carried out by using a commercially

avajlablegireoniaater in order, and drying was sufficiently
carried out.

A titanium oxide paste made by Solaronix was
applied onto the glass substrate so as to obtain elght-
shaped patterns (a total area was 16 cm?) each having a

width of 5 mm, and a length of 40 mm by using a screen
printer. With regard to the paste, a transparent Ti-
Nanoxide TSP paste, and a Ti-Nanoxide DSP containing
therein scattering particles were laminated in order from
the glass substrate side so as to have a thickness of 7
pum, and a thickness of 13 um, respectively. BAs a result,
a porous Ti0, film having a thickness of 20 pm in total
was obtained. After the porcus TiO, film was burnt in an
electrical furnace at 500°C for 30 minutes, and the
standing to ccol was then carried cut, the porous TiO;
Film was immersed in 0.1 mol/L of a TiCl,; solution, was
held at 70°C for 30 minutes, and was sufficiently cleaned

by using pure water and ethanol. After drying, the porous

Ti0, film was burnt at 500°C for 30 minutes. In such a
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dispersion liquid was applied onto the Ti02 sintered body described
above so as to have a length of 41 mm, a width of 5.5 mm, and a
thickness of 10 pm. After the resulting zirconia paste film was dried, the
zirconia paste film was burnt in the electrical furnace at 500'C for 30
minutes. In such a way, a porous insulating layer was formed. [0044]
Next, the Ti02 sintered body was immersed in a
tert-butylalcohol/acetonitrile mixed medium (1 : 1 in volume) of 0.5 mm
cis-bis (isothiocyanate)-N, N-bis (2,2'-dipyridyl-4,4'-dicarboxylic
acigyguthenium, (14 ditetrabutyl ammenivavsalt (N 749:dye) at a room
temperature for 48 hours, thereby supporting the dye in the T102 sintered
body.0El3é TiO2 sintered body having the dye thus supported therein was
cleaned by using acetonitrile, and was then dried in a dark place. A dye-
sensitized Ti02Sinferéd Hoth Rad aRuEturReHR%Re 4 ariferys: ©»

described above. [0045] Next, an anisotropically conductive paste w. 1
appifed BRES tHe Stribe-Shape %%Fgé‘ﬁ}sﬁﬁzgdl ?’%5% tcebr%d S&é‘ftoe%%\ge

a width gh 8.5.mm 50,2810 be, parallgl with.the-stripg-shapsdheol was
dye-sensitized Ti02

carried out by using a commerciazlly available zirconia
dispersion liquid was applied onto the TiO; sintered body
described above so as to have a length of 41 mm, a width
of 5.5 mm, and a thickness of 10 um. After the resulting
zirconia paste film was dried, the zirconia paste film
was burnt in the electrical furnace at 500°C for 30
minutes. In such a way,-a porous ilnsulating layer was
formed.

(0044}

Next, the Ti0; sintered body was immersed in a
tert-butylalcohol/acetonitrile mixed medium (1 : 1 in
volume) of 0.5 mM cis-bils (isothiocyanate)-N, N-bis
(2,2 -dipyridyl-4,4'-dicarboxylic acid)-ruthenium (II)
ditetrabutyl ammconium salt (M 719 dye) at a room
temperature for 48 hours, thereby supporting the dye in
the Ti0; sintered body. The Ti0O; sintered body having the
dye thus supported therein was cleaned by using
acetonitrile, and was then dried in a dark place. A dye-

sensitized Ti0, sintered body was manufactured in the
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sintered body, and was then dried. Next, a counter electrode obtained by
spray-coating one surface of a titanium foil having a thickness of 0.05
mm with an isopropyl alcohol of 0.05 mM platinic chloride, and carrying
out the burning at 385C was cut into pieces each having a size of 6 mm x
40 mm. After the surface onto which the platinic chloride was sprayed
was directed toward the dye-sensitized TiO2 sintered body side, thereby
carrying out the alignment, the anisotropically conductive paste described
above, and the counter electrode were joined to each other by

theympcompression: henrdingn[046] A portion through which a bonding
surface of the armoring film, and a power collection terminal were
connédted to each other, and a pattern for liquid injection having a
diameter of 1 mm were left on the glass substrate described above, and

an UV cureMsdtiesiv® 457 dgsitnad applidd Brserebh Brimy o H8%to
cover all, tge dr}/te-s% sitiz%(% Pphotoelectric conversion elements, After the
apﬁﬁ@ale § air Bubbles T fs?ﬁ} liravi

ion, when air bubbles perfectly outgassed, an ultraviolet light was

radiated.tothe Y, cure pdhesive,agent byrusing gonveyer ypeddV

exposure system, thereby curing the UV cure adhesive agent.
parallel with the stripe-shaped dye-sensitized TiO:
sintered body, and was then dried.

Next, a counter electrode obtained by spray-coating
one surface of a titanium foil having a thickness of 0.05
mm with an isopropyl alcohol of 0,05 mM platinic chloride,
and carrying out the burning at 385°C was cut into pileces
each having a size of & mm = 40 mm. After the surface
onto which the platinic chloride was sprayed was directed
towafd the dye-sensitized TiO; sintered body side, thereby
carrying out the alignment, the anisotropically
conductive paste described above, and the counter
electrode were joined to each other by thermocompression
bonding.

[0046]

4 portion through which a bonding surface of the
armoring film, and a power collection terminal were
connected to sach other, and a pattern for liquid
injection having a diameter of 1 mm were left on the

glass substrate described above, and an UV cure adhesive
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[0047] 0.045 g of sodium iodide (Nal), 1.11 g of 1-propyl- 2.3-dimethyl
imidazolium iodide, 0.11 g of iodine (12), and 0.081 g of 4-tert-butyl
pyridine were dissolved in methoxyacetonirile, thereby preparing an
electrolyte composition. Next, after the electrolyte composition thus
prepared was injected under a reduced pressure through the liquid
injection hole, having the diameter of 1 mm, prepared as described
above, the electrolyte composition was held under an increased pressure
of 0.4 MPa for 30 minutes, so that the electrolyte was made to perfectly

penglzate intq eachiafdhedyesseasitized photeglesticy conversionr all
elements. In such a way, the dye-sensitized Ti02 sintered body and the
poraus inguladkgslayér ate pmpreghated withdhewlectrolyte. 18048} dext,
the liquid injection hole for the electrolyte 46 described above was sealed

withffie U\ eeiré eiethesiviel dyerithand ahtafbind filh obtamettby
joining a hot- melt adhesive film to a honding surface.of a commercia
S AAAE BT A hm b ebarad. THE Bt Neh sy

FWas eparecf. The “armoring fi

fusgﬁkgoggﬁggg&@eggg§@n8§t&ggm@egaggyygpéytbgggmﬁﬂxggggsure
substrate under the

system, thereby curing the UV cure adhesive agent.

[0047]

0.045 g of sodium iodide (Nal), 1.11 g of l-propyl-
2.3-dimethyl imidazclium lodide, 0.11 ¢ of icdine (Iz),
and 0.081 g of 4-tert-butyl pyridine were dissoclved in
methoxyacetonirile, thereby preparing an electrolyte
composition.

Next, after the electrolyte composition thus
prepared was injected under a reduced pressure through
the liguid injection hole, having the diameter of 1 mm,
prepared as described above, the electrolyte composition
was held under an increased pressure of 0.4 MPa for 30
minutes, so that the electrolyte was made to perfectly
penetrate into each of the dye-sensitized photoslectric
conversion elements. In such a way, Lhe dye-sensitized
Ti0, sintered body and the porous insulating layer are
impregnated with the electrolyte,

[0048]

Next, the liguid injection hole for the electrolyte
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reduced pressure by using a heat sealer, thereby obtaining a
dye-sensitized photoelectric conversion element module. In the
dye-sensitized photoelectric conversion element module, eight
dye-sensitized photoelectric conversion elements each having a size of 5
mm x 40 mm were connected in series with one another. [0049] Example
2 A dye-sensitized photoelectric conversion element module was
manufactured similarly to the case of Example 1 except that a counter
electrode was formed into a foil shape with a carbon paste. Example 3 A

dyg:sensitized phetpelectdcLonvessignelement umogile: Washesive
manufactured similarly to the case of Example 1 except that a counter
elecirade, was formed intora fgil ShHapecwithisnplatinuni-sippoeted darbon
paste. Example 4 47 A dye-sensitized photoelectric conversion element
mdtkié wilh frahifadited smiafyIc iRe ca8¢ 6f Bxaniple T 8%t thatY

a counter electroge was formed from a. platinum foil having.a thickness of

0.05 /it Z&nd no CAtEIVE 1a58F Was provided, Example 5

armoring film was fusion-bonded to the outermost
peripheral portion cof the transparent substrate under the
reduced pressure by using a heat sealer, thereby
obtaining a dye-sensitized photoelectric conversion
element module. In the dye-sensitized photoelectric
conversicn element module, eight dye-sensitized
photoslectric conversion elements each having a size of 5
mm x 40 mm were connected in series with one another.
[0049]
Example 2

A dye-sensitized photoelectric conversion element
module was manufactured similarly to the cass of Example
1 except that a counter electrode was formed into a foil
shape with a carbon paste.
Example 3

A dye-sensitized photoelectric conversion element
module was manufactured similarly to the case of Example
1 except that a counter electrode was formed into a foil
shape with a platinum-supported carbon paste.

Fxample 4
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A dye-sensitized photoelectric conversion element module was
manufactured similarly to the case of Example 1 except that a counter
electrode was formed into a foil shape with a carbon paper having a
thickness of 0.05 mm, and no catalyst layer was provided. Example 6 A
dye-sensitized photoelectric conversion element module was
manufactured similarly to the case of Example 1 except that a counter
electrode was formed into a foil shape with a carbon paper having a
thickness of 0.05 mm, and a catalyst layer was provided by using a

platinic chlgrige. Example %z Adyersensitized photeeleeticconversiarnt
element module was manufactured similarly to the case of Example 1
exceptthat and nmpasié avas usedsnsteaardfuding &re apisstropicapmple
conductive paste, and a surface contacting an electrolysis solution is
covergtiRith at@8?e§in?@%§ﬁrbl§ée§‘6‘§/%g§“eﬁﬁﬁzé?5ﬁ8fbeﬁ§8f?ica
conversion element module was manufactured similarly to th of
ExBADIe 1 Bxcs “ﬁ)rtithha“:fval Pgor%-t%rrlnlﬁ? Siatire c%gre%ﬁlgé %aéiné W%%%ﬁ%

instead, of using.an anjsatropically,canductive paste, and

Example 5

A dye-sensitized photoelectric conversion element
module was manufactured similarly to the case of Example
1 except that a counter electrode was formed into a foil
shape with a carbon paper having a thickness of 0.03 mm,
and no catalyst layer was provided.
Example €

A dye-sensitized photoelectric conversion element
module was manufactured similarily to the case of Example
1 except that a counter electrode was formed into a foil
shape with a carbon paper having a thickness of 0.05 mm,
and a catalyst layer was provided by using a platinic
chlcoride.
Example 7

A dye-sensitized photoelectric conversion element
module was manufactured similarly to the case of Example
1 except that an In paste was used instead of using an
anisotropically conductive paste, and a surface

contacting an electrolysis soluticn is covered with a
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a surface contacting an electrolysis solution is covered with a resin.
Comparative Example 1 A dye-sensitized photoelectric conversion
element module having a Z type structure was manufactured in such a
way that an FTO substrate was used as a counter electrode, a catalyst
layer was formed by spraying an IPA solution of a platinic chloride
similarly to the case of Example 1, and upper and lower substrates were
joined to each other by using a power collection electrodes, made of an
Ag paste, having both ends each covered with a resin. [0050; In the
dye-sensitized photoelectric conversion element modules of Examples 1
to 8, and Comparative Example 1 manufactured in the manner as
deserilbed abdve, the photoelectric conversion efficiencies under the
radiation of a pseudo-solar light (AM 1.5, 100 mW/cm2) 49 were
measured, AnhtRickPresses B tnaxintaR Srotrisiont PorGsnd of tiesd et
dye-sgnsitized photoelectric conversiogsae ement modules were. l%easur

d
with X digital D&rfiar “catiper The Tosints ard shown in Table 1. J0051] - I8

ﬂkﬁﬂ%géept that a room-temperature cure Ag paste was used
instead of using an anisotropically conductive paste, and
a surface contacting an electrolysis solution is covered
with a resin.

Comparative Example 1

A dye-sensitized photoelectric conversion element
module having a Z type structure was manufactured in such
a way that an FTO substrate was used as a counter
electrode, a catalyst laver was formed by spraying an IPA
solution of a platinic chloriae similarly to the case of
Example 1, and upper and lower substrates were Jjoined to
each other by using a power collection electrodes, made
of an Ag paste, having both ends each covered with a
resin.

[0es0]

In the dye-sensitized photoelectric conversion
element modules of Examples 1 to 8, and Comparative
Example 1 manufactured in the manner as described above,
the photoelectric conversion efficiencies under the

radiation of a pseudo-solar light (AM 1.5, 100 mW / )
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Photoelectric (Module thickness conversion mm efficiency % 'Example 1
8.2 1.33 Example 2 8.2 1.30 Example 3 8.4 1.35 Example 4 8.2 1.32
Example 5 7.8 1.30 Example 6 7.9 1.29 Example 7 18.2 11.35 |[Example
8 8.2 1.35 Comparative 8.3 2.37 (Example 1 [0052] It is understood from
TABLE 1 that the dye- sensitized photoelectric conversion element
modules of Examples 1 to 8 are excellent in performance of electric
power generation, and are greatly thinned as compared with the case of
Comparative Example 1. Moreover, in the dye-sensitized photoelectric
copversiqn slament modules, of Examples 0.8 xanufasturad i e
manner as described above, the photoelectric conversion efficiencies

afterradiatien of thiespseutic-setardight {AM b5 1O mWicha2Fat80Csforn
50

slement modules were measured with a digital vernier

caliper. The results are shown in Table 1.

[0051]
[Table 1]
| Photoelectric | Module thickness
conversion mm
efficliency %
Example 1 g.2 1.33
Example 2 8.1 1.30
Example 3 8.4 1.35
Example 4 8.2 1.32
Example 5 7.8 1.30
Example © 7.9 1.29
Example 7 g.2 1.35
Example 8 8.2 1.35
Comparative 8.3 2.37
Example 1
[0052]

It is understood from TABLE 1 that the dye-
sensitized photoelectric conversion element modules of
Examples 1 to 8 are excellent in performance of electric
power generation, and are greatly thinned zs compared
with the case of Comparative Example 1.

Moreover, in the dye-sensitized photcelectric
conversion element modules of Examples 1 to 8
manufactured in the manner as described above, the
photoelectric conversion efficiencies after radiation of

the pseudo-solar light (AM 1.5, 100 mW/cm®) at 60°C for
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1000 hours (durability accelerated test) were measured. As a result, it
was found out that these dye-sensitized photoelectric conversion element
modules are very excellent in durability. [0053; Next, a description will be
given with respect to a dye-sensitized photoelectric conversion element
module according to a second embodiment of the present invention. In
this dye-sensitized photoelectric conversion element module, in the
dye-sensitized photoelectric conversion element module according to the
first embodiment, an electrolyte is made of an electrolyte composition

whiciheontains therein iodine , and contains cthereis-a compound: baving.at
least one isocyanate group (-NCO), more preferably in which the
compound=cantainsi therein atleastone ohaloreiregencontainiig zed
functional groups within the same molecule in addition to the isocyanate
grouip orslRiehflthepeontng thereti e toRfBUMFhaviig at8ast one

or more nitrogen containin.g_L functional groups in addition to that
compBtihdS Atthotgh™ fiére is @5pecially no limit to the compound having

at -one or more isocyanate groups (-NCO), the compound is
preferably compatible with a solvent of an electrolyte, an electrolyte salt,
and other aggition agertscAlthough %11 be given with respect to a

dye-sensitized photoelectric conversion element module
according to a second embodiment of the present invention.
In this dye-sensitized photoelectric conversion
element module, in the dye-sensitized photoelectric
conversion element module according to the first
embodiment, an electrolyte ig made of an electrolyte
composition which contains therein iodine, and contailns
therein a compound having at least one ilsocyanate group
(~NCO), more preferably in which the compound contains
therein at least one or more nitrogen containing
functional groups within the same molecule in addition to
the isocyanate group, or which further contains therein a
compound having at least one or mere nitrogen containing
functional groups in addition to that compound. Although
there is especially no limit to the compound having at
least one or more isocyanate groups {-NCO), the compound
is preferably compatible with a solvent of an electrolyte,

an electrolyte salt, and other addition agents. Although
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the compound having at least one or more nitrogen contacting functional
group is suitably an amine system compound, the compound concerned
is not especially limited thereto. Although there is especially no limit to
the amine system compound, the amine system compound is preferably
compatible with a solvent of an electrolyte, an electrolyte salt, and other
addition agents. The nitrogen containing functional group is made to exist
together with the compound having at least one or more isocyanate
groups, which especially, largely contributes to an increase in open

voltage of-the, dye-sensitized: photeelectic cenversion elemenstmodules.
Specifically, the compound having at least one or more isocyanate

groups;, far-example,ds isocyianic phenyk isetyamid 2- ehlcroétiylsysten
isocyanic m-chlorophenyl, isocyanic cyclohexyl, isocyanic o-{to:ﬁ,@[
isoEyaRieE-tolyl ) fs St AchSa 2 hdits oty ahft toRBRE Hdiisdtyanic
hexamethylene, 4,4-diisocyanic methylenediphenyl or the like, However, .
the' BresERt invertion is b@‘%%gr%%%s w%lfteedj? e(reegt%?fnl aaeéé%iorﬁ? PIREE o
spegifically, fne &@@&_?Xéﬁﬁ&&ﬁ&]p%{édéﬂ&ﬁéa%%ﬁ compound is
4-tert-butylpyridine, aniline, N,N-dimethylanilene, N-methylbenz
imidazoeler or 1thedise Hawever; the presentiayventian is: by necmeangt ¢,

limited thereto. 52
an electrolyte salt, and other addition agents. The
nitrogen containing functional group is made to exist
together with the compcund having at least one or more
isocyanate groups, which especially, largely contributes
to an increase in open voltage of the dye-sensitized
photoelectric conversion element modules. Specifically,
the compound having at least one or mere isocyanate
groups, for example, is isocyanic phenyl, isocyanlc 2-
chloroethyl, isocyanic m-chlorophenyl, isocyanic
cyclohexyl, isocyanic o-tolyl, isocyanic p-tolyl,
isocyanic n~hexyl, 2,4-diisocyanic tolylene, diisocyanic
hexamethylene, 4,4'-diisocyanic methylenediphenyl or the
like. However, the present invention is by noe means
limited thereto. In addition, specifically, the amine
system compound, for example, is 4-tert-butylpyridine,
aniline, N,N-dimethylanilene, N-methylbenz imidazole, or
the like. However, the pressnt invention is by no means

limited thereto.
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Any of the matters other than the foregoing is similar to that in the
dye-sensitized photoelectric conversion element module according to the
first embodiment. [0054] According to the second embodiment, in addition
to the same advantage as that of the first embodiment, it is possible to
obtain an advantage that the electrolyte layer 7 is made of the electrolyte
compound containing therein the compound having at least one or more
isocyanate groups, which results in that both the short current and the
open voltage can be increased, thereby making it possible to obtain the

dye-sensitized, photeglectrie copversionr elemegnt madute haying.the very
high photoelectric conversion efficiency. [0055] Example 9 During the
preparatiar of the electiolytereonipousnen in Exantplell; 02645 gtafisodium
iodide (Nal), 1.11 g of 1-propyl-2.3-dimethyl imidazolium iodide, 0.11 g of
iodif TED)S Laid 0108 lof U tert-budy GRiine was Hefleti o3 g of
propylene carbonate, and 0.071 g (0.2 mol/L) of isocyanic phenyl was
disSBRAA THeT&in. Any of other matters is made similar to that in Example

1. gnd 833

According to the second embodiment, in addition to
the same advantage as that of the first embodiment, it is
possible to obtain an advantage that the electrolyte
layer 7 is made of the electrolyte compound containing
therein the compound having at least cne or more
isocyanate groups, which results in that both the short
current and the open voltage can be increased, thereby
making it possible to cbtain the dye-sensitized
photoelectric conversion element module having the ver&
high photoelectric conversion efficiency.

[0055)
Example 9

During the preparation of the electrolyte compound
in Example 1, 0.045 g of sodium jodide (NaI), 1.11 g of
l-propyl-2.3-dimethyl imidazclium iodide, 0.11 g of
iodine (I:), and 0.081 g of 4-tert-butyl pyridine was
added to 3 ¢ of propylene carbonate, and 0.071 g (0.2
mol/L) of isocyanic phenyl was dissolved therein. Any of

other matters is made similar to that in Example 1, and a
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dye-sensitized photoelectric conversion element module was obtained.
[0056] Although the embodiments of the present invention, and Examples
have been concretely described so far, the present invention is by no
means limited to the embodiments and Examples described above, and
thus various changes based on the technical idea of the present
invention can be made. For example, the numerical values, the structures,
the shapes, the materials, the raw materials, the processes, and the like
which have been given in the embodiments and Examples described

abgve atemerely.an sxamplecand thus pumerical values SirGHIEs] e
shapes, materials, raw materials, processes and the like which are

diffexentisomithewse given in the embodiments and Examples described
above may be used as may be necessary. 54 Claims 1. A dye-sensitized
photdétédtric conversion element module having a plurality of
dye-sensn@mngnghotoelectrlc conversion ele@eggi electrlca}w cl%nnected

in series wift 6fi8 BROthEr said dys-sensitized photbelectric conversion

emQ%ﬁ“éQQﬂHE%Qeﬁgké*@%%geggﬁgﬁ@é@@? described so far, the
present invention is by no means limited to the
embodiments and Examples described above, and thus
various changes based on the technical idea of the
pressnt invention can be made.

For example, the numerical values, the structures,
the shapes, the materials, the raw materials, the
processes, and the like which have been given in the
embodiments and Examples described above are merely an
example, and thus numerical valueé, structures, shapes,
materials, raw materials, processes and the like which

ars different from those given in the embodiments and

Examples described above may be used as may be necessary.
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a plurality of areas on a transparent substrate have transparent
conductive layers, respectively; a dye-sensitized semiconductor layer, a
porous insulating layer and a counter electrode are laminated in order on
said transparent conductive layer, thereby structuring the dye-sensitized
photoelectric conversion element; said counter electrode is formed from a
foil made of either a metal or an alloy having a catalyst layer on one
surface, of said porous insulating layer, or from a foil made of a material
having a catalytic ability; said transparent conductive layer of one dye-
sensitized photoelectric conversion €lemeat, and said counter electrode
of the other dye-sensitized photoelectric conversion element are
electrically iconhectee-toceach bttvet inter portiorehbetivearr the: tveé elye-
sensitized photoelectric conversion elements agacent to 55 each other; at

least SaRT HyBRbHsHiZE SEMiCorthutior fayér “and' BaidPFBiols fillating

S S M S T L e

dy%ﬁegég%gglynyS§H§“Q§d¥HB§¥SEEHd dyve—-sensitized
photoelectric conversion element mocdule being
characterized in that:

a plurality of areas on a transparent substrate
have transparent conductive layers, respectively;

a dye-sensitized semiconductor layer, a porous
insulating laver and a counter electrode are laminated in
order on said‘transparent conductive layer, thereby
structuring the dye-sensitized photoelectric conversion
element; |

said counter electrode is formed from a foil made
of either a metal or an alloy having a catalyst layer on
one surface, of said porcus insulating layer, or from a
foil made of a material having a catalytic ability;

said transparent conductive layer of one dye-
sensitized photoelectric conversion element, and said
counter electrode of the other dye-sensitized
photcelectric conversion element are electrically
connected to each other in a2 portion between the two dye-

sensitized photoelectric conversion elements adjacent to
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element module according to claim 1, characterized in that said foil, made
of either the metal or the alloy contains therein at least one or more kinds
of elements selected from the group consisting of Ti, Ni, Cr, Fe, Nb, Ta,
W, Co and Zr. 3. The dye-sensitized photosensitive conversion element
module according to claim 2, characterized in that said catalyst layer or
said material having said catalytic ability contains therein at least one or
more kinds of elements selected from the group consisting of Pt, Ru, Ir
and C. 4. The dye-sensitized photosensitive conversion element module
aceqrding te glaim 3, characterized in that said counter electrode and said
transparent conductive layer are joined to each other through a
conductive agdhesheragent; of gelowemelting pointemetalnHavingra melting
point of 300C or less, or an alloy. 56 5. The dye-sensitized photosensitive
coretsion element tnodilielaccbrdinkpiceelamn A, Eharacterized i LiHat3m
armoring material made of a material having a gas barrier property is
proﬁf]r(?é’”g bA'sHif sedliiflg layer. 6. The dye-sensitized photosensitive

conversion elemenyt madyle accarding tq claim,, charaglerized in that

said material having the gas barrier property is
conversion elements is covered with a sealing layer.

2. The dye-sensitized photosensitive conversion
element module according to claim 1, characterized in
that said foil, made of either the metal or the alloy
contains therein at least one or more kinds of slements
selected from the group consisting cof Ti, Ni, Cr, Fe, Nb,
Ta, W, Co and Zr.

3. The dye-sensitized photosensitive conversion
element module according te claim 2, characterized in
that said catalyst layer or said material having said
catalytic ability contains therein at least one or more
kinds of elements selected from the group consisting of
Pt, Ru, Ir and C.

4, The dye-sensitized photosensitive conversion
element module according to claim 3, characterized in
that said counter electrode and sald transparent
conductive layer are joined to sach other through a
conductive adhesive agent, or a low-melting polnt metal

having a melting peint of 300°C or less, or an alloy.
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equal to or smaller than 100 (cc/m2/day/atm) in permeation rate of
oxygen, and is equal to or smaller than 100 (g/m2/day) in permeation rate
of water vapor. 7. The dye-sensitized photosensitive conversion element
module according to claim 6, characterized in that said armoring material
is a film obtained by laminating at least one or more kinds of materials,
each having the gas barrier property, selected from the group consisting
of aluminum, silica and alumina. 8. A method of manufacturing a
dye-sensitized photoelectric conversion element module having a

plurality of dye-sepsitized phetaelestic canvmersions etlaments electriqally
connected in series with one another, said manufacturing method being
charasterizeddyu having: ¢he prgcess forsstructuring the dyersearsitizéed
photoelectric conversion element by laminating a 57 transparent
coliBastive: | /8108 Hye-8eidiizéd Sémfcontuctdriafér A pbioud y @ 93s

insulating layer, and a counter %Iggggde in ogq%r in ajx_)luralltly of areas on

a tfahsparertsibstrate, in this'case sald counter electrade béing formed

(<]
er e
from a foil madegf either a metal ;0r.an oy having a catalyshlayes opn

one surface, on a side of said porous insulating layer, or from a foil made
element module according to ¢laim 5, characterized in

that said material having the gas barrier property is
equal to or smaller than 100 {ce/m?/day/atm) in permeation
rate of oxygen, and is egual to or smaller than 100
(g/m*/day) in permeation rate of water vapor.

7. The dye-sensitized photosensitive conversion
element module according to claim €, characterized in
that said armoring material is a film obtained by
laminating at least one or more kinds of materials, each
having the gas barrier property, selected from the group
consisting of aluminum, silica and alumina.

8. A method of manufacturing a dye-sensitized
photoelectric conversion element module having a
plurality of dye-sensitized photoelectric conversion
elements electrically connectecd in series with one
another, said manufacturing method being characterized by
having:

the process for structuring the dye-sensitized

photoelectric conversion element by laminating a
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of a material having a catalytic ability, and electrically connecting said
transparent conductive layer of one dye-sensitized photoelectric
conversion element, and said counter electrode of the other
dye-sensitized photoelectric conversion element to each other in a
portion between the two dye-sensitized photoelectric conversion
elements adjacent to each other; the process for impregnating at least
said dye- sensitized semiconductor layer and said porous insulating layer
with an electrolyte; and the process for covering said dye-sensitized

photoglectiiccanversion-elements yuth a:sealingdayer :9z-Aa electronic
apparatus having a dye-sensitized photoelectric conversion element
maghié csaiduelectrohicy apparatusieing chavdetetized in Yhat: said &
dye-sensitized photoelectric conversion element module has transparent
CORGUEINAE | /76 Wi @ 58 plurdiily 6f Afeds,Fedpédtively °on At afis areht

substrate; said dye-sensitized photoelectric conversion element is
StrUCRrEs %ﬁ/el%%iﬁﬁ%ﬁé %aﬁf?é-sjé%si%%jésd %g%‘?éonsc?&(%of Pali/rée%fi & porous

insulating layeryand a eounter electrode in order.on said Hapsparentoetal

conductive layer;
or an alloy having a catalyst layer on one surface, on a

side of said porous insulating layer, or from a2 foil made
of a material having a catalytic ability, and
electrically connecting said transparent conductive layer
of one dye-sensitized photoelectric conversion element,
and said counter electrode of the other dye-sensitized
photoelectric conversion element to each other in a
portion between the two dye-sensitized photoelectric
conversion elements adjacent to each other;

the process for impregnating at least sald dye-
sensitized semiconductor layer and said porous insulating
layer with an electrolyte; and

the process for covering said dye-sensitized
photoelectric conversion elements with a sealing layer.

9. An electronic apparatus having a dye-sensitized
photoelectric conversion element module, said electronic
apparatus being characterized in that:

said dye-sensitized photoelectric conversion

element module has transparent conductive layers in a
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said counter electrode is formed from a foil made of either a metal or an
alloy having a catalyst layer on one surface, on a side of said porous
insulating layer, or from a foil made of a material having a catalytic
ability; said transparent conductive layer of one dye- sensitized
photoelectric conversion element, and said counter electrode of the other
dye-sensitized photoelectric conversion element are electrically
connected to each other in a portion between the two dye- sensitized
photoelectric conversion element adjacent to each other; at least said
dye-sensitized semiganductorlayerard said parousdinsulatingdayer are
each impregnating with an electrolyte; and each of said dye-sensitized
phetoedectaceconversion elements is covered with a sealing layer. 59

said dye-sensitized photoelectric conversion
element is structured by laminating a dye-sensitized
semiconductor layer, a porous insulating layer, and a
counter electrode in order on said transparent conductive
layer;

said counter electrode is formed from a foil made
of either a metal or an alloy having a catalyst layer on
cne surface, on a side of said porous insulating layer,
or from a foil made of a material having a catalytic
ability;

said transparent conductive layer of one dye-
sensitized photoelectric conversion elément, and said
counter electrode of the other dye-sensitized
photoelectric conversion element are electrically
connected to each other in a portion between the two dye-
sensitized photoelectric conversiocn element adjacent to
each other;

at least said dye-sensitized semiconductor layer
and said porous insulating layer are each impregnating
with an electrolyte; and

cach of said dye-sensitized photoelectric

converzion elemenis iz covered with a sealing layer.
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