Description Dye-Sensitized Photoel ectric Conversion El enent Mdul e and a
Met hod of Manufacturing the Sane, and El ectronic Apparatus Technical Field
[ 0001] The present invention relates to a dye-sensitized :
phot oel ectric conversion el ement nodul e and a nethod of manufacturing the
sanme, and an el ectroni c apparatus, and, for exanple, is suitable for being
applied to a dye-sensitized solar cell nodule using a dye-sensitized

sem conductor | ayer made of sem conductor fine particles supporting a dye,
and various kinds of electronic apparatuses. Background Art [0002]

It is said that when fossil fuel such as coal or oil is used as an energy
source, the global warning is caused because carbon di oxide is generated
due to use of the fossil fuel. |P&fdiPFOA? use of a nuclear energy is

fraught with a risk of contam nation due to nucl ear

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 elactronic apparatus, and,
for example, is suitable for being applied to a.dye—
sensitized solar cell module using a dye-sensitized
semiconductor laver made of semiconductor fine pérticles
supporting a dye, and various kinds of electronic

apparatuses-

Background Art
[ooo2]

It is said that when fossil fuel such as coal or
0il is ussd 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 ig

fraught with a risk of contamination due to nuclear



radiation. At present when nmany people talk about the environnental
concerns, dependency on these energies is fraught with problens On the
other hand, the solar cell as a photoelectric conversion elenment for
fonvert}ng a solar light into an electrical energy exerts an extrenely
esshln luence on the global environment because it uses the solar |ight
agogse energy source, and thus is expected to be further w dely used.
[ ] Al t hough various materials are known as a material for the
solar cell, a lot of solar cells each using silicon is offered
comercially. These solar cells are roughly classified into a crystalline
silicon systemsolar cell using single-crystalline or polycrystalline
silicon, andaahaaimr.phdupiiskhtomsy SEam soPRke celk 2hpetBfor e
single-crystalline or polycrystalline silicon, that is C%ystalline
silicon has dygénousedalnCoree B afepeRd G ORahleTa§RETa+es ==
fraught with problems. .
non the other hand, the solar cell as a
photoelectric conversion element for converting a sclar
light into an electrical energy exerts an extremely less
influence on the global environment because it uses the
sclar light as the energy sSource, 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 clagsified into a crystalline silicon system
solar cell using single-crystalline or polycrystalline
silicon, and an amorphous silicon system solar cell.
Heretofore, 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
1ight (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



However, although a photoelectric conversion efficiency representing a
performance for converting a light (solar) energy into an electrical
energy is higher in the crystalline silicon systemsolar cell than in the
anor phous silicon systemsolar cell, the productivity was low in the
crystalline silicon systemsolar cell because it took a |ot of energy and
time to glow a crystal, and thus the crystalline silicon system sol ar cel
was di sadvant ageous in a cost phase. [0004] In addition, the

anor phous silicon systemsolar cell has the features that a |ight
adsorbing property is high, a selection range of a substrate is w de,
pronotion for increasing an area is easily attained as conpared with the
crystal | i ne siw iiconhsystiernadoinme célilon Howeieay soide et betaeEtri c
conversion efficiency is |ower in the anorphous silicon system sol ar cel
than in the &t ystwokl ki het gif ceores e iiBd| & GLeF| 2 NoisEBYerindal t hough t he
anor phous silicon systemsolar cell has the higher productivity than that
of the cryst&8rys F@esFIYEeTHdyet BnicoraPY et S¢h& Gnor PRdus silicon system
solar cell requires a vacuym process for manufacture simlarly to the case
of the cryst?&?qq¥§“§?F?%ﬁﬁ1%9ygt%ﬁﬁ s&8F°cel |, and thus still has a |arge
burden in an &ﬁ#jpnent phase. [ D005] On the other hand, for the

| ower cost of d sol ar cells, many solar cells using organic naterials

instead of using the sidiGon, sys! gHLUBLAId alis ihayesheen searched. Hovever,

t he photoel ectric conversion efficiency of such
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
amorphoﬁs silicon system solar cell than in the
crystalline silicon system solar cell. Moreover, although
the amofphous silicon system solar cell has the higher
productivity than that of the crystalline silicon system
solar cell, the amorphous silicon system sclar cell
requires a vacuum process Ifor manufacture simiiarly to
+he case of the crystalline silicon system sclar cell,
and thus still has a large burden in an equipment phase.
r000s]

On the other hand, for the lower cost of the solar

cells, many solar cells using organic materials instead

of using the silicon system materials have been searched.

However, the photoelectric conversion efficiency of such



a solar cell is so very low as to be equal to or smaller than 1% and

i nvol ves a problem about a durability as well. Under such

ci rcunst ances, an i nexpensive solar cell using sem conductor fine
particles sensitized by a dye is reported (refer to a Non-Patent Docunent
1). This solar cell is a wet solar cell which has a titani um oxi de porous
thin filmspectroscopically sensitized by using a rutheniumconplex as a
sensitizing dye as a photo-electrode, that is, an el ectrochem cal solar
cell. The advantages of this dye-sensitized solar cell are such that an

i nexpensive titanium oxi de can be used, |ight absorption of the
sensitizing dye is over a wide visible Iight wavel ength range up to 800
nm and a hi ghs&ner gyltaversivony efdvi eseneypecaqube tealr zedllxecause a
guantum efficiency in photoelectric conversion is high. In addition, since
t he vacuum sybtremti saphniacesyasya irrovannf et €, cehebildtge2scal ed

equi pnent is not required. [0006) In recent years, the action for
devel opi ng a%ere- sensitized solar cell nodul e has been activated. A Z type
structure is known_as a structure of the dye-sensiti,zed sol ar |1 nmodul e.

The dye-sensiti zed"S8 arvcél Frofita et A the* X198 €erifedré is such

that a plurality of .dye-sensitized solar cells.are faormed between two
sheets of suB%f%%fggfcé%ﬁﬂgf%‘éﬁ%% 5F§6C£ %éfwféaff?;?ﬁﬁge?Y%éﬁﬁjth one

anot her i thithe J Ll of, Lhe,RUbSLLAtE%.uf80s 1t s: kigus that the

dye-sensitize ar ce nmodul e has a high efficiency of generation of

el ectric powegi; NanxPatendoDceaeNt wkicnNaE 417 ¢ 13531 u o832~ 740, 1991
Di scl osure of Invention

porous thin film spectroscoplcally sensitized by using a
ruthenium complex as a sensitizing dye as a phote-
electrode, that is, an electrochemical solar cell. The
advantages of this dye-sensitized solar cell ars such
that an inexpensive titanium oxide can be usad, light
absorption of the sensitizing dye is over a wide visible
light wavelength range up to 800 nm, and a high energy
conversion effliciency can be reallized because a guantum
efficiency in photoelectric conversion is high. In
addition, since the vacuum system 1s unnecessary in
manufacture, the large-scaled squipment is not reguired.
[G00E]

In recent years, the action for developing a dye-
sensitized solar cell module has been activated. A Z type
structure is known as z structure of the dye-sensitized
solar cell module. The dye-sensitized sclar cell module

having the Z type structure is such that a plurality of



[ 0007] However, the dye-sensitized solar cell nodule having the Z
type structure was unsuitable for thinning and wei ght saving because it
was necessary to use the two sheets of substrates. A dye-sensitized sol ar
cell nodul e having a nmonolithic structure which can be manufactured with
one sheet of substrate is known. However, the dye-sensitized solar cel
nodul e having the nonolithic structure has a denerit of being inferior to
the dye-sensitized solar cell nodule having the Z type structure in a
phase of the characteristics because there are a lot of limts to a
material for a counter electrode, and also it is inpossible to prevent dye
adsorption to the counter electrode in terns of the structure. [0009]

In the |ightyvefsdnketforegoilag, callr ckefrEtrchEssvrsed "By SBAPLHI nent s of
the present invention is to provide a dye-sensitized photoel ectric
conver si on efemsrtrabeid ensuche agopedred seliG ti-zéd  Bot"ar*¢eff in which
only one sheet of substrate is required.to QQtﬁged,bQ”%&ggter el ectrode
can be struGttReds ARAERH FESH THherahY© nakith§ TATARI ng “and wei ght
saving possible, and there iis no _restriction.in.a g.9f a material for
t he counterAéF%tﬁﬁodﬁ,mﬁﬁﬁlé%?S i Téﬁ“h5§n$ﬁ€j§ghggg%$fo?ﬁnnce of
generation of electric power that _the - i tkzed.sqQkar cell nodul e
havi ng t he fmgv%éﬁg rﬁ&?ﬁﬁg‘gﬁéégeﬁéiﬁbdg%¥§ﬁgﬁgﬁaéfd$?%g t he sane, and an
el ectronic gggggatus usi ng the excellent dye-sensitized photoelectric
conversion el'enent nodul e descri bed above. [0009] 1In a first aspect,

there is proyides 2:0ye-SeNS ti:2Qecure, 353, p. 737-740, 1951

Disclesure of Invention
[0007]

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

[0COB]



phot oel ectric conversion el enent nodul e having a plurality of
dye-sensitized photoel ectric conversion el enents el ectrically connected
in series with one another, said dye-sensitized photoel ectric conversion
el ement nodul e being characterized in that: a plurality of areas on a
transparent substrate have transparent conductjve |ayers, respectively; a
dye-sensitized sef®cdhGuctdiiayer  theporURIGIHAN afti R PRYER SRd BE
counter electrode are lam nated in order on said transparent conductive

| ayer, theptbydstlhuctankiadindgretdyeisendic i ps@sphét oenggikieéncoh¥ers? on

el ement; said counter electrode is fornmed froma foil nmade of either a
nmetal or ancalldeya tdhee-cound Briedd@cphotdechavindca aatvansstor] ayezmant one
surface of said porous insulating |ayer; said transparent conductive | ayer
of one dygo8€08i Lzad 4hok oeleclkingicaneer Sidim el €8ent inarthisd dwopnt er
el ectrode of the other dye-sensitized photoel ectric conversion elenment are
electrically gﬂ@@%%ﬁﬁj 19 8REH: O Ber [y A RO ti ONphetwean thecdworer
dye-sensiti zed photoel ectric conversion el enents adjacent to each ot her;
at least said. dye-sensitiz m duct qr yer ' -
insulatin%f?%§5¥§%r8aPn%?e%%é%%&u%%ﬁh%%hgkﬂ%§¥}d?%ﬁg;§g%%ﬁg§%ﬁﬁi¥l%%id
dye-sensitized,ghotoelectric conversion ele ts is covered with a sealing
| ayer. [0B%8PRiNg  and JRlgh§| SHEGY of S8 e'thgnﬁetgﬁeS? the atf oy,
form ng the counter electrode preferably uses a foil nmade of either a
netal or BASBFIGYiedntHr nithg PPRErei Afatd | auteOiel of Offor BDRi reRuUBFeT

el ements selected fromthe group consisting of Ti, N, C, Fe, Nb, Ta, W
Co and Zrel&hercatal ysid | sylero prbniiciedhen tiHes os@usur Paséorvanthe por ous
insul ating | ayer side, of the foil nmade of either the nmetal or the alloy
or the nagertabtbhani rr t beeecatrakytpovabi Ity psef ehabl gycomassitd@rei n
at |l east one or nore kinds of elenents selected fromthe group consisting

of Pt, Rugols-andl € mBdthieCckReshqoftihe, aomu eft al@airodend thatetiSoda
total of thicknesses of the foil made of either the netal or the all oy,

and the catalyst,d a8l 1 pr addi chiess olqtha fenboadgiol Lfsapmtes a
having the catalytic ability 1s preferably equal to or smaller than 0.1 mm
froma viewpoint qof the thinni.ng.of the dye-sensiti,zed '
conversioﬂgngnenﬁjﬁ%dulgfxfgﬁf%ﬂbpor VRg ChE LEAFaly st §£§%$g%%g%%%8foil

made of either the nmetal on the allay, it ig ggssible to use a nethod of
wet - coat | RGPESERL Ui BhCRBRTtalMAFH St ABPEFAPEYcaPEM st or a

[00089]



precursor of the catalyst, or a dry type nethod such as a sputtering
nmet hod, a vacuum evaporation nethod or a chem cal vapor deposition (CVD)

met hod. [0011] The counter el ectrode and the transparent
conductive. |ayer may be directly joined to each other, or nay be joined
to each other through a conductive material. In the latter case

speci fi caflly, 2t Hd*SGuntEPSEFect FRAES and® t K& Mr &fShafenty tonduct 1 Vet ayer,
for exanple, is joined to each other through a conductive adhesive agent,
or a | ow BBPEPRGEPBIAE AERERTKAPING lEMEIt MeG W6 MR BMBODEHITFESESY or an
alloy. A comercially available silver, carbon, nickel or copper paste, or
the |ike cé&n beéyeseenastihedconductbewéeathesi vecageatsiand idledeits on
thereto, an anisotropically conductive adhesive agent or a fil mshaped
agent can also be used. In addition, various kinds of |lownelting point
metal s or alloys such as In and an In-Sn system sol der capabl e of being
joined to the transparent conductive |ayer can al so be used. Moreover,
when a joining portion between the counter el ectrode and the transparent
conductive layer directly contact the electrolyte, the joining portion may
be protected with the resin or the like, thereby preventing the joining
portion fromdirectly contacting the electrolyte. [0012]



Al though a material for the sealing layer is not especially limted, it is
preferable to use an electrically insulating material which has a high gas
barrier property, and which is chemcally inactive. Specifically, it s
possible to use a resin, various kinds of adhesive aaents, a glass frit or
the like. Mre specifically, it is possible to use various kinds of

ul t ravi ol &LeCOV) caddabl eonresfedsich asTansepdf resen anaiheret hadedr esin
a silicone resin, and an acrylic resin, various kinds of thernosetting
resins, adyetsmelst triesin, randtewlrelttiing- poirtergiass feldmenr thedhike.
(0013] An arnoring material is preferably provided on the sealing

| ayer. A imeteg athdwadithgrbzdd gingashbarriserppappeity iof saiéabl ysnused as
the arnoring material. Specifically, for exanple, the nmaterial having a

hi gh gas bakhisgkrBhePens W heveq¥alankdaensMald fluddian: 109 ers,
(cc/ nk/ day/ at in perneation rate of oxygen, and is equal to or snaller

than 100 (QLpRlday) in per j it : i S us th

ar nori ng mat rica?. A%Yfi I %1 ha ién%%ar{%gzg%ir \rl\?blee?ﬁlper/%%gﬁ%/éﬁ yplzﬁe:%’ bygan

arnoring filmfor .foods, .for gxagple, is used as the ar riq? mat eri al .
a '

Sui t abl y, PRTPIPm HEVRG & 9gas BAT | 6 %r oher$YH W ¢ HECOETT ned By

Ianinatin% at | east one or nore ) )
aminated in order on saild 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, the counter
electrode having a catalyst layer on one surface of said
porous insulating layer; saild 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 elements adjacent to
each other; at least said dye-sensitized semiconductor
layer and said porous insulating layer are impregnated
with an electrolyte; and ecach of said dye-sensitized
photoelectric conversion elements 1s covered with a
sealing layer.
[0010]

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

forming the counter electrode preferably uses a foil made

Ta



kinds of materials, each having a gas barrier property, selected fromthe
group consisting of alumnum silica and alumna, or the like is used as
the arnoring material. The arnoring material is suitably provided
integrally with the sealing |ayer so as to cover the outernost periphery
of the sealing layer, and is seal ed under a reduced pressure and in an

i nactive gas atnosphere. Such an arnoring material is provided on the
sealing layer, which results in that gas such as oxygen, or water vapor
can be prevented from penetrating fromthe outside into the inside of the
dye-sensitized photoel ectric conversion el enent nodul e. Therefore, it is
possi bl e to suppress deterioration of the characteristics Jhe

phot oel ect r pé TOHeE&T 3 BRH-Bf PECPBMEY O “PREXTRE, ttg‘ﬁlaejirf %Ls?%%"lé”si ble to -
inprove the durability of the dye-sensitized ph electr.ig.conversion

el ement nodanre. o] OFF4] kinds 5% %%m?tl}ecfngﬁggg%fcpg%%g\uc}% vgcra OI%lzaftyer formed in a

plurality of areas on the transparent substratie pay he patteined before
t he dye-sen§PFf2%ﬂj§%ﬁfEgﬁdS@fOngg&%r, f he por'ous ?nsulating | ayer, and

the counter eleofrode.ar e AMdal ed b JARYsberhal L ofined: gkteusthe
dye-sensitized's m conduct or | ayer; the porous insulating |layer, and the

counter el eqt.Lodg, &£ 1hagi nated. oThis: matiteraingcanther carri ed out by
utilizing the various kinds of etching nethods conventionally known, |aser
scri be, physi.¢al poldrshihngopraacessi mg=xdralt heviikehe] 0g1H]ytic

ability preferably contains thesrelin at least one or more

rinds of elements selected from tThe group consisting of

Pt, Ru, Ir and C. A thickness of the counter electrode,

that is, a total of thicknesses oi the foil made of

either the metal or the alloy, and th catalyst layer, or

o

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 viewpoint of the thinning of the dye-
gensitized photoelectric conversion element module. Fox
supporting the catalyst layer on the foil made of either
the metal on the alloy, 1t is pessible 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 svaporation method or a
chemical vapor depcsition (CVD) mathed.
{00117

The counter slectrode and the transparent

conductive layer may be directly joined to each other, or



A surface resistance (sheet -resistance) of the transparent conductive

| aver forned on the transparent substrate is preferable as the surface
resi stance thereof is set as being |ower. Specifically, the surface

resi stance of the transparent conductive layer is preferably equal to or
| ower than 500 2/0, and is nore preferably equal to or |ower than 100 0/O0.
The known material can be used as a material for the transparent
conductive layer. Specifically, although there are given an indiumtin
conposite oxide (1 TO, fluorine-doped Sn02 (FTO, antinony-doped 5n02
(ATO, sn02, ZnO, indiumzinc conposite oxide (120, or the like, the
present invention is by no neans limted thereto. Also, a materi al

obt ai ned by reonbi njdigietiwoe ozagrorEbkE nglsr Pfghmat 6P E 1J&sERF Bedlabove with
one another can also be used. In addition, for the purpose f enhancing a
nower col | eGhi ome efsfticeF erraE byPEEEITHG Yt hB S FPAER r@sﬁcgfﬁﬁte of the
transparent conductive substrate having.the transparenf_ conductive | ayer
formed on tKedt Femdparem - SUbSerares 'y wirFhg Tradé” 81 a ‘conduct i ve

material Su%giggd ai;on‘eetagll‘l oo‘ghe%:ag: ggug aval %%nductive adhesgive agent,

or a low-melting point metal having a melting point of
300°C or less, or an alloy. A commercially availabie
s#ilver, 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
25 In and an In-Sn system solder capable of being jeined
to the transparent conductive layer can also be usad.
Moreover, when a joining portion between the counter
electrode and the transparent conductive layer directly
contact the electrolyte, the joining portion may be
protected with the resin or the like, therszby preventing
the joining portion from diresctly contacting the
electrolyte.
[0DD12]

Although-a material for the ssaling layer is not
especially limited, it is preferable to use an
elactrically insulating material which has a high gas

barrier property, and which is chemically inactive.



a high conductivity may be specially provided. Alth [

_ Vi t : ough there is
especially no limt to the conductive materi al g
conductive materi al

oxi dati on resistance,
itself. [0016]

mat eri al

Specifically, it 1is possible te uss a resin, various
¥inds of adhesive agents, a glass frit or the like. More
specifically, it is pessible to use various kinds of
ultravicolet (UV) curable resins such as an epoxy resin,
an urethane resin, a silicones resin, and an acrylic resin,
varioﬁs kinds of thermosetting resins, a hot-melt resin,
a low-melting-point glass frit, or the like.
[0013]

in 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
(co/mP/day/atm) in permeation rate of oxygen, and is equal
to or smaller than 100 {g/m?/day) in permeation rate of
water vapor is used as the armoring materisl. A film

having a gas barrier property typified by an armoring

Fh

iim for foods, for example, is used as the armoring
material. Suitably, a film, having a gas barrier property,
which is obtained by laminating at least one or more

kinds of materials, =ach having a gas b rrier property,

selacted from the group consisting of aluminum, silica

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

The armoring material is suitably provided integrally

10

. . used in the wring,
desirably has a high corrosion resistance, a high
and a | ow | eakage current of the conductive

t he



A material for the transparent substrate is not especially limted, and

t hus various kinds of materials can be used as |ong as each of themis
transparent. A material which is excellent in barrier property against the
noi sture or the gas which penetrates fromthe outside of the
dye-sensitized photoel ectric conversion el enent, solvent resistange,

weat hering resistance, and the like is preferable as the nmaterial for the
transparent substrate. Specifically, there are given a transparent

i norgani ¢ substrate nade of a quartz, a sapphire, a glass or the like, and
a transparent plastic substrate made of pol yethyl ene terephthal ate,

pol yet hyl ene napht hal at e, pol ycarbonate, polystyrene, polyethyl ene,

pol ypr opy! enech pot yapdrdripbeheySulsPi @8, tHotSARENGIF déjrjfér?‘giu%ri de,

tetraacetyl cel | ul ose, brom nated phenoxy, c@n ar Q”L% %I ass.. a pol yi m de
class, a poPysSPPEENeCTIASs SR FA 55?‘??6&?‘ I*§s8°2a polysul Tone class, a
pol yolefin class, or the like. Al though of t . subst zat.e having a

hi gh transnft¥&sEePT 5V 8FhI& Iaingﬁ?gf%lrf@’e %gn;‘éé%%%ﬁélylgy, gr ef erably
used, the present invention by n | im.ted -8t Qaydhen the

wor kabi | i t y&% tar?T"é‘OFf“ﬁ‘F]tma\Xk’i"gLﬁ? oo 5%2??§/Qa%én tn%es%%e are taﬁen into

consi deratign, .t he Lianspacent plastie substigbe bs pretevably used as the
t ranspar ent WiBstrate " I'n additi on, a thickness of the transparent
substrate ig_pqt, F§Q@g§1@d ¥ rhi i dredraandgt hitsn ean be fiveelytsel ect ed
depending on"the transmttance of the light, the barrier property between
the inside apd theqeutside afethendyersanshtizddcphbt celEELF{ " conversion
el enent, and the like. [00171 The dye-sensitized sem conduct or

| ayer is typieaddty r@dpdsoushsenicoenditt b heaFeplfralde SHPFS®RT conduct or fi ne
particles supporting a dye. In addition to an el enmental sem conductor
typified bydstéicomrtivarddusekihera@ierdempsantt & Bondifctors “a conpound
having a perovsk te structure, or the like can he .%segsdgl%ltehgonateri al for
the seni conduotersiforneiphriincleCr Eth 0%rh8k% Seni cBhductors is
preferably an n-type sem conductor in \Ahiac_gmtpgle,._,,ege%ctrons in a conduction
band becone iFRECTarTice FE #iider-YpRot b= extit atlon 10 give an anode current.
Concretely exenplifying, these.sen Ssiare Ti Ozt ZnO W3, Nb205,

Ti Sr03, SnOZPRCAnRE¢ tgllgi E%r.lvecﬁﬂtoﬁrerlﬁnf&g%gﬁfg@g?%spe Tio? is especially

pr ef er abl e. -BE;% ind of sem conductor is by no neans |limted thereto, and
thus a sem conddctor material obtai ned by m xing two or nore

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 counter electrode
are laminated, or may be patterned after the dve-
sensitized semiconductor layer, the porous insulating
iaye¥, and the counter slsctrode are laminated. This
patterning can De carried out by utilizing the various
kinds of etching methods conventionally known, laser
scribe, physical polishing processing, or the like.

[0015]



ki nds of sem conductors described above can al so be used. Moreover, the
sem conductor fine particle can take various kinds of fornms such as a
particle-shaped form a tube-shaped form and a rod-shaped formas my be
necessary. [0018] Al t hough there is especially nolimt to a
particle dianmeter of the sem conductor fine particle, the particle

di aneter of the sem conductor fine particle is preferably in the range of
1 to 200 nmin average particle dianeter of the original particle, and is
especially preferably in the range of 5 to 100 nmin average particle

di aneter of the original particle. In addition, it is possible that the
sem conductor fine particles each having that average particle dianeter
are mxed with th%:3eﬁhcanﬁvﬁﬁéﬁﬁ$$n@*ﬁéﬁf?@?é@“ﬁﬁ@ﬁ ﬁgVFﬁg an average
particle dianmeter |arger than that average, partjcle di , and an

i nci dent | i ghmsperseate@dedtbye thesehf (et 67° 177 *parti ¢l es each

having the |arger average partjcle dianeter, .t eby eahancidHg a quant um
yield. In t?ﬁ@?ﬁ§&§§,l§Hﬁfﬁgé?ﬁgeaﬁa???cf%’ﬂ%ﬁ%ggéf of the sen conduct or

fine particles mxed separately ks preferahl y-ho dhearange of 20 to 500
nm [0019] is set as ﬁﬁﬁﬁémhfﬁ”fhegé“gg %spegéally no limt to a nethod of

nanufacturing 1he %gn% QHgy%EgﬁsﬂéE@%i Hgﬂﬁuéﬁiﬂéh@a§éﬂﬁﬂﬂ3ndUCtOr fine.
particles, AWt T m ormng nmethod is preferable when the physicality,
the conveni gnce, the R act ukergast cnandsshe/ti kendrie taken into

preferably equal to or lower than 100 Q/. The known

material can be used as & material for the transparent

conductive layer. Specifically, although there are given

an indium~-tin composite oxide {ITO), fluorine-doped 3n0:

(FTO), antimony-doped 8n0, (ATO), S5n0z, ZnG, indium-zinc

composite oxide (140}, or the like, the present invention

iz by no means 1imited thereto. Also, a material obtained

by combining two or more kinds of matérials gdescribed

apove with one another can also e used. In addition, for

the purpose of enhancing & power collection efficiency by

reducing the surface resistance of the transparent

conductive substrats having the transparent conductive

layer Tormed on rhe transparent substrate, & wiring made

of a conductive material such as a metal or carbon having

a high conductivity may be specially provided. although

there is especially no 1imit to the conductive material

used in the wiring, the conductive material desirably has

: ; ; -4 2 an s e o
a high correosicn resistance, a high oxidation resistance,
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consideration. A nethod is preferable in which a paste obtained by
uni foimy dispersing powders or a sol of sem conductor 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
limt to a nethod for the application, and thus the application can be
carried out in accordance with the known nethod. For exanple, the
application can be carried out in accordance with a dip nethod, a spray
met hod, a wire-bar nmethod, a spin coat nmethod, a roller coat nethod, a
bl ade coat nethod, or a gravure coat nethod. In addition, the application
can also be carried out in accordance with a wet printing nethod. Here,
the wet prigténg aet hoddes typirfiedibyhyapdroisstRkVACESE bt hods such as
anastatic printing, offset, gravure, copper plate printing, rubber plate
printing, apfssicr.een printing. Wien a crystalline titaniumoxide is used
as the material for the sem conductor fine particle, a crystal type
t hereof is pPeferable an anatase type froma viewpoint of photocatalytic
activity. The anatase type titani um oxide may be comercialdy available
powder, sol or sl &rF3EeméRt fhe Hifatag&™ype titani um oxi de having a
predeterm ned particle, djaneter Al50.he. Medebyrubdddr-zbng a known
met hod of, FEPEmBI g?m}ﬁ/e r’olafll%rﬁ%u a titanium oxi de al koxi de. Wen the
comercially avail asl%IdeaQo dsSchsed s thensescondaryaaggr.egati on of the
powder is plC&f‘e?ét‘ﬂy resolved. Also, in a phase of preparation of the
application Lidu,., the-partigslesiane preketabtypdirepersemkiytusing a
mortar, a ball mrﬁ a ultrasonic dispersion device or the like. At this t
nme, in order Lo,prevent othenpaydsi ehesn reselvedef rimmnt hee sedERdar y
aggregation from aggregating again, if is possible to add acetyl acetone, a
hydr ochl ori Ga¢hd, g@-teheitiaei phoacsledatde aebvves &geft>"d''chel ate agent
or the like. In addition, for thickening, it is possible to .add various
ki nds of t hiakerhngragenascsucteadeaipsl vametabFecu® SOBn4S pol yet hyl ene
oxi de or polyvinyl alcohol, and a cellul ose syst em thickening agent.
[ 0020] is ThefsealconrduEbermdtayer: nefe OF tha"¥&m conduct or fine
particles, in other words, the sem conductor fine panticle dayer is
preferably | ey TRRE sUPPEELTHTE Yt heV 8ot S0 45 to eragllge to adsorb nmany
sensitizing £g§¥ganic substrate made of a quartz, a sapphire, a glass

or the liks, and‘a transparent plastic substrate made of

polysthylene terephthalate, polyethylene naphthalate,

polycarbonate, polystyrene, polyethylene, polypropylens,

polyphenylene sulfide, polyvinylidene fluoride,

tetraacetylcellulose, brominated phenoxy, an aramid class,

2 polyimide class, a polystyrene class, & polyarylate

class, a polysulfone class, a polyolefin class, or the

{ike. Rltnough of them, the substrate having a high

transmittance in a visible light range is egpecially,

L3 3 - . . g = 5
preferably used, the preseht inventicon by no mean

limited thereto. When the workability, the light welght
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For this reason, a surface area in a state of applying the sem conductor
fine particle |layer onto a supporting body is preferably 10 or nore tines
as large as that of a projected area, and is nore preferably 100 or nore
times as large as that of the projected area. Although there is especially
no limt to an upper limt 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 |ight becomes high because an anobunt of dyes supported per

unit projected area increases as a thickness of this further increases.
However, a loss due to a reconbination of the electric charges al so

i ncreases because a di ffusion dlstance of each of g% Q%Led el ectrons

i ncr eases. gfhﬁﬁef@ﬁﬂwrah@héﬂbﬁ % epF BETY PEGCt R EKITES S eX|sts inthe
sem conductor fine particle la

the range of rabspar 00 PRAT LIS IB%EFE &§F§[1%9?%gh%gzg§&g?slgfgegglLﬁlln

and 1 transparent substrate. In addition, a thickness of the
transparent substrate ig not especially limited, and thus
can be fresly select=d deendlng on the transmittance of
the light, the barrier property between the inside and
the outside of the dye-gensitized photos electric
conversion slement, and the iike.
0G17}

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, & compound having a perovskite
structure, or the like can Dbe ysed as the matsrial for
the semiconductor fine particle. Bach ¢of these
semiconductors is preferably an n-type semiconductor in
which the electrons in & conduction band beccme the
carriers under photo-excitation to give an ancde current.
Concretely exemplifving, thege semiconductors are Ti0z,
7nd, Wi, Nb:z0s, TiSr0s, Snlz, and the 1ika. ©f them,
anatase-type Ti0z is especially preferable. The kind of
semiconductor is by no means limited thereto, and thus a

T =
semiconductor material obtained by mixing two or mole
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especially, preferably in the range of 3 to 30 pm It is
ly, : preferabl e that
the particles are made to electronically contact each other after the

sem conductor fine particle layer is applied onto a su [

: pporting body, and
are burnt for the purpose of enhancing a filmstrength, and e%hanc?ng
adhesive to the substrate. Although there is especially no limt to the
range of a burning tenperature, '

vinds of semiconductors described above can also be used.
Moreover, the semiconductor fine particle can take
various kinds of forms such as a particle-shaped form, a
tube-shaped form, and a rod-shaped form as may be
necessary.
r0018]

although there is especially no limit to = particle
diameter of the semiconductor fine particle, the particle
diameter of the semiconductor fine particle is preferably
in thes 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 ars mixed with the semiconductor fine
particles each having an average particle diamster larger
than that average particle diameter, and an incident
light is scattered by the semiconductor fine particles
zach having the larger avsrage particle diameter, theresby
enhancing a quantum yield. In this case, the average
particle diameter of the szmiconductor fine particles
mixed separately is preferably in the range of 20 to 500
nm.

[CG1a

[}

(o]



the burning tenperature is normally in the range of 40 to 700C, and is
nore preferably in the range of 40 to 650' C because when the burning
tenperature is nmade to rise too nuch, a resistance of the substrate

i ncreases, and the substrate nay be nelt. In addition, although there is
especially nolimt to a burning time, the burning time is normally in the
range of about ten minutes to about ten hours. After burning, for the

pur pose of increasing a surface area of the sem conductor fine particle

| ayer, and enhanci ng necki ng between the sem conductor fine particles, for
exanple, there may be carried out chem cal plating using a titanium
tetrachloride solution, a necking treatnment usjin _aLtitanL%nhtrichloride
solution, a dip txeaprenttifoe LRecSRAEoRIuRt o firn&® garticlé sol having a
diameter of 10 nmor less, or the like. V}bgﬂ gwplagasnt i.¢ spbstrate is used
as the suppof tiamgtbodyrist Ebfe TFaFSPAreEnt™ c6iductive substrate, it is al so
possible that a paste containing therein a binder is appkigs onto the
substrate, sefldoSdPRE 5&@@5@ﬁ?ﬁ%ﬁjﬁaédat%§%lﬂ?lguggﬁﬁigﬁe by carrying out
press hot. [00211 _The, dy ried thersamneanducst or |ayer is
not especi alf WISHAFERE 4&°Fong fglyi%;igg?(h%%’i ttgﬁéa sensi tizing operation. For

exanmpl e, there %aft iven a xanthene syst em dyensusboas Rhodam ne B, rose
bengal , eosPfe" < eryt%ros’i ne, a cyani ne system dye such as nerocyani ne,
qui nocyani ngoggi&errm%&gyaﬂi ASsnf haspe=tyearsuchn ashipirencsat¥ani ne, Cabri
Bl ue, thiccrn or Methylene Blue, or a porphyrin system conpound such as
chl or ophyl | _,zi Ng. POL PRy idim19r diBgnesnunppeiptyciine W ¥regard to ot her
dyes, there are given an azo dye, a phthal ocyani ne conpound, a_coumarin
syst em conpaupdeoraiucRur bi e isdirnbctonpings eofpoirsd, Sant RF 8FpYri di ne
conpl ex conpound, an .  od

or an organic solvent is prepared and 18 then applie

onto a transparent conductive subsgtrate. 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, & spin coat method, a roller
coat method, & blade coat method, or a gravure coat
method. In addition, the application can also be carried
out in accordance with a wet printing method. Here, the
wet printing method is typified by various kinds of
methods such as anastatic printing, offsel, gravure,
copper plate printing, rubber plate printing, and screen
printing. When a crystalline titanium oxide 1s used as
the material for the semiconductor finz particle, &

] ] C ferabl a type from a
crystal type ther=ol 18 preferable an anatas vp
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ant hr aqui none system dye, a pol ycyclic quinone systemdye, sgualirium and
the like. O them the Ru bipyridine conplex conpound is especially

pref erabl e because a quantumyield thereof is high. However, the
sensitizing dye is by no neans limted thereto, and thus two or nore kinds
of sensitizing dyes described above nay be m xed with one another. [0022]
A net hod of adsorbing the dye to the sem conductor |ayer is not especially

limted. However, the sensitizing dyes described above can be dissolved in
a solvent such as an alcohol class, a nitrile class, nixronethane,

hydr ocarbon hal i de, an ether class, dinethyl sulfoxide, an am de cl ass,

N-net hyl pyrrolidaone, 1, 3- di il 0 nidazol i di fone,, 8a8Bthy-oxazol i di none,
an ester c?%@%ﬁo%ﬁ%cgfHgﬁﬁﬁéa%%%ééid ackétoﬁé class,ahydrocarbon, and

water. Also i%i‘n%u%e@ic}ﬁ&’%‘égt 0L LAyl gan:besjamersebdutethessol vent
descri bed aBove, or the dye solution can be applied onto the sem conduct or

layer. In agpiihﬂgy.whﬁﬂ the Lya -havipge a-hiaghuacs:didsy havandeoxychol i c

acid or the Iike may be added for the purpose of reducing association

bet ween t hepdyg.1mk@ebli@frticle diameter may also pe made by
utilizing a known method of, for example, hydrolyzing a
ritanium oxide alkoxide. When the commercially available
powder is used, the secondary aggregation of the powdsr
is preferably resolved. Also, 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 resoilved from the secondary
aggregation from aggregating again, it is possible to add
acetylacstone, a hydrochloric acid, a nitfic acid, a
éurface active agent, a chelate agent or the like. In
addition, for thickening, it is pessible to add various
kinds of thickening agents such as a polymer molecule
such as polyethylene oxids or polyvinyl alcohel, and a
cellulese system thickening agent.
p0zo]l

The semiconductor layer made of the semiconductor

fine particles, in other words, the semiconductor fine
particle layer 1is preferably large in surface area

thereof so as to be able to adsorb many sensitizing dyes.
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After the sensitizing dye is adsorbed, a surface of the sem conductor

el ectrode nmay be processed by using an am ne class for the purpose of
pronoting the renoval of the excessively adsorbed sensitizing dye.
Pyridine, 4- tert-butylpyridine, polyvinylpyridine or the like is given as
an exanple of the am ne class. Wen such a amne 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
limted so long as it has no conductivity. In particular, an oxide
containing therein at | east one or nore kinds of elenents selected from
the group consisting of Sr, A, Ti, Si, In, Wand Nb, especially,

zirconia, akamichas tédsamiaa siliacs orsd Het 4 RE2Fs YesPFPABIYF used.
Typically, a fine particle of this oxide is used. A porosity of the porous
i nsul ati ng tmyemmﬁ50@®eﬁ@raﬁiveEéﬁﬁéFl%rl?%WQQPt?Hﬁﬁgfﬁ@ﬁ“ﬁ%%hough t here
is nolimt to an upper limt of the porosity, .the pg Lfy.4s normally,
preferably Pedst He PaRERE3SE Yabdut~® fﬁ’rfaoth%?o%ta%%&%?? oarrsir gﬁ\%%ec\)/\flposai nt of the
physi cal strength of the porous insulatin [ he parosidy is equal to
or snall er PF@&%CPGQ;&WﬁPcﬁngxé?t%?gﬁﬂpFﬁ ?%%%@%%8% %ﬁgmﬁ?ftusion of the

el ectrolyte, thereby r rkably_reducingythe chagaoteihsthes ab the
dye-sensiti?Ed“ﬁﬁ@t%@l@g%rfé %%ﬁ ersion el ement nodule. In addition, a

m cropore di aneter,,of fhe norous,ingi-at ing: 4 ayernis, prreferably in the
range of 1 f%piﬁﬁﬁigu? e nicro%of%ggianeter is smaller than 1 nm which

exerts an i@ﬂk?&ﬂ?%rgﬂ the, dinkf usi vaf 1ohermheactmolytes aandhthe

i mpregnation of the dye, thereby reducing the characteristics of the

dye- sensi ti zed.phai;e8kecéd i er<conver siconrel errenetaodhl @PtNBHedVer, when the
m cropore dianeter is larger than 1000 on, there is caused the possibility
that short - giiggui fedomecabised Hreeans extt Feosat abytIE@paAFPFEIES of the

counter electrode invades into the porous insulatin r;‘Iaye:é.th@.:lsthough t here
is no linit pee anhethodeofeh@TiRadbtf$IRES RE ﬁo@6ﬁ§§$ﬁ§u? ting |ayer, the

porous insulating layer is preferably a sintered body_of .t.he.oxide
particles dé@@ﬁbbédﬂﬁﬁﬁﬁéﬁs[O@QHFVQIr a loss Sﬁe‘io a -eéhmbﬂﬂ t

of the electric chargés zlso increases because a
diffusion distance of each of the injected electrons
increasss. Therefore,.although a preferred thickness
exists in the semiconducter fine particle layer, the
preferred thickness is generally in the randge of 1 to 100
Mm, is more preferably in the range of 1 to 50 um, and is
especially, preferably in the range of 3 to 30 pm. [t is
preferable that the particles are made to glectronically
contact each other after the semiconductor fine particle
layer is applied onto a supportfing body, and are burnt
for the purpose of enhancing a film strength, and
enhancing adhesive to the substrate. Although there 1is

ki1 ! r f al i rature
especially no limit to the rangs ObL 2 burning temperature,
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In addition to a conbination of iodine (12) and a netal iodide or an
organi c iodide, or a conbination of bromne (Br2), and a netal brom de or
an organic brom de, a nmetal conplex such as a ferrocyanic acid
chloride/ferricyanic acid chloride, or ferrocene/ferriciniumion, a sulfur
conpound such as sodi um pol ysul fide, or alkyl thiol/alkyl disulfide, or a
vi ol ogen dye, hydroqui none/ qui none, or the |Iike can be used as the

el ectrolyte. Li, Na, KL My, Ca, Cs or the like is preferable as a cation
of the metal conpound described above, and a quaternary ammoni um conpound
such as a tetraal kyl amoni um cl ass, a pyridiniumclass or an imdazolium

class is preferable as a cation of, the ofganic:gonpaiadodescridbed above.
However , thEh%F%§8ﬁ?gi‘%%ﬁfﬁ%ﬁrng%y no Hggng linited thereto. In

addition, a,paterial. obtajned.,.by. hixkngnte: ozngerer kitnds 630 aterial s
descri bed a%ggégcgﬁdaTgo be gged. Cf&thenl the el ectrol yte obtai ned by

combi ni ng 1%@:&%@ bhln DB QEniRE Glipbestary iammedé um corpound such as
i m dazolium odi de with each other is preferable. A concentration of an
el ectrol yt e sal i.S rpeeferall yii ohd hebsangee ofnds85<t0 JBIVEE®r a sol vent,
; mash, €
and is nore preferably in the range of 0.2 to 3 Mfor the solvent. A
concentrati @as0frsk2 eayBs risS.tpr eirepdbiyieh EREDPAAYENEF=0D005 to 1 M
and is nore preferably in the range of 0.001 to 0b3 M IQiagdition, an
addi tive madepetizirlvanpneimifstentc Ad T E9pi 1€ By 4% &rt-but yl pyri di ne
be added for th f P yl py
ma e adde or the purpose o . _
g is normallypinpthe 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

particies, for example, there may be carried out chemical

piating using a titanium tetrachloride solution, a

necking treatment using a titanium trichloride solutlon,

a-dip treatment for the semiconductor fine particle sol

having a diameter of 10 um or less, or the like. When a

piastic 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 substrate, and 1is then pressure-ponded to the

substrate by carrying oul press hot.

[0021)]

The dye supported by Lhe semiconductor laver is not

I : i P
sspecially limited as long as it sxhibits a sensitlziing

i 2 re i i zant e systs
operation. Fox example, there 1s glven & zanthen ystem
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enhanci ng an open voltage. [002S] - Water, an al cohol
ether class, an ester class, a carbonate class, a | actone cl ass, a
carboxylate class, a triester phosphate class, a heterocyclic conpound
class, a nitryl class, a ketone class, an am de class,. nitronethane,

hydr ocar bon hal i de, dinmethyl sulf oxide, sulfolane, N-nethvlpyrrolidone,

1, 3-di net hyl indazolidinone, 3-nethyl okazolidlnOne, hydrocarbon, or the
like is given as the solvent conposing the electrolyte conposition

descri bed above. However, the present invention is by no neans limted
thereto, and thus a material obtained by m xing two or nore kinds of

mat eri al s descri bed above can al so be used. Moreover, an ion liquid of a
tetraal KY1 System = pybagtnicum system=reelarisdazol i um system
quaternary annonium salt can also be used as the sol vent. [0026]

For the purfoserefimsedacingniicqala-Peakdygeiof thE“ayelSensi'ti zed

photoel ectric conversion el ement, and volatilization,of;the electrolyte, a
ge|atinizirqyx@ggm@pine or cryptocyanine, a opasic dy

cl ass, an

phencsafranine, cabri Blue, thiocin or Methylense Blue, or
a porphyrin system compound such as chlorophyll, zinc
porphyrin, or ﬁagnesium porphyrin. With regard to other
dyes, there are given an azo dyes, a phthalocyanine
compound, a coumarin system compound, an Ru bipyridine
complex compound, an Ru terpyridine complex compound, an
anthraguinone system dye, a polycyclic quinone system dve,
squalirium, and the iike. OFf them, the Ru bipvridine
complex compound 1S espacially praferable because 2
guantum yield thereqf is high. However, the sensitizing
dye is by no means 1imited theretco, and thus two or moOLe
kinds of sensitizing dyes described apove may be mixed
with one another.

[ooz2]

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 alcohol class, a nitrile class, nitromethane,
hydrocarbon halide, an sther class, dimethyl sulfoxide,
an amide class, N-methyvlpyrrolidone, 1, Fe

3 1 +
dimethylimidazolidinons, 3-methyloxazolidinone, an estel
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pol ymer, cross-1linked nononmer, or the |ike can be dissolved in the

el ectrol yte conposition described above, and in addition thereto,

i norganic ceram c particles can be dispersed into the electrolyte
conposition. Thus, the resulting material can also be used as a gel-like
el ectrolyte. Wth regard to a ratio between a gel matrix and the

el ectrol yte conposition, when an anount of electrolyte conposition is
much, an ion conductivity increases, but a mechanical strength decreased.
Conversely, when the amobunt of electrolyte conposition is too |ess, the
mechani cal strength is large, but the ion conductivity decreases..
Therefore, the electrolyte conposition is desirably in the range of 50 to
99 Wt % of theasgel al fkeomheet PSR e KREPHS TH6F8 PiefErabry i n the range of
80 to 97 wt% In addition, the electrolyte described abgye .and a

pl astici zer amt evalsorh &ﬁ§§ol@%ﬂsﬁﬁlﬁﬁT?H%f?‘éﬁﬁ“TH@in§s§¥%?i€9 is
volatilized to be renoved, thereby. making. it also i;hl.e-1.,0 realize a

t ot al solidlﬁyﬁﬁiaﬁéY§@h§%?Figﬁa%ﬁ%Fgéfe%fH%gtggnvgggﬁgﬁhelenent modul e.

[ 0027) A et hod of man i-ng,-t Jdye-sensist tzed photoel ectric
conver si on EFéﬁgﬂfeﬂDﬁ%cétP§ ﬁ%@ﬁgﬁggE?gllggﬁfﬁited. However, when the
thicknesses of the Egg h, 1 AYEr § nidheREeEYCtd \Heloyy chidie cpatter ar preci si on,
and the liké are taken into consideration, the senm conductor |ayer, the
por ous inSUk?giﬂﬂﬁJﬁ%?rbetéﬁae@at@&yﬁkabaygbs@hﬁihedc@UWter el ectrode, and
the sealing layer before the dye is adsorbed are all preferably formed by
utilizing thesuei.appl beatdan chet bipd rguekudsst he screen printing or the
spray application, and are especially, preferably all formed by utilizing
the screen printi agreThehes erneonictcodyE ayera?d the PAOLEST nsul at i ng

| ayer before the dye is adsorbed are preferably forned by the_application
and bur ni ng tof e pastet o MIECHFRYE tHer SN PERE Tart EI%% "Coposi ng the
respective |ayers. The porosities of the res gct”&g Ee ers, are dete.c.

Li ned dependimige ofaEsr 46T ot e tRREBASE he" B der ~8dnponent  and the particl es

of the paste. The catal yst |ayer on_the fail e of .either sthe netal or
the alloy isthdi pEEEd VS ﬁa?ﬁm¥ édpgr%%gnfﬁfﬁlggghg péyé? side, and the

counter electrode is joined tao the. spayent ;conduagt:irwei s ayer of the
adj acent dye~Eensity éﬁlpﬁ3fbérg€§f%%%%6nvé}si8n el ement. Although the

adsor bi ng Cﬁggég% 9¥%ﬂ¥%m%ﬁsle of the amine class. When such a amine

class is a liguid, it may be used as it is, or may be
dissolved in an organic solvent toc be used.
iooz3]

2 material for the porous insulating layer is not
especizlly limited so long as it has no cenductivity. In
particulaxz, an oxide containing therein at least one Or
more kinds of elements selected from the group consgisting
of zr, Al, Ti, Si, EZn, W and W&, especially, zirconia,
alumina, titania, silica or +he like is desirably used.
Typically, a fine particle of this oxide is used. A

& 3 4 | fFarabi
poresity of the porous insulating layer is preterably
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sem conductor |ayer is preferably carried out before the counter el ectrode
is joined to the transparent conductive layer, it may be carried out after
the counter electrode is joined to the transparent conductive |ayer. After
the joining of the counter electrode, the entire dye-sensitized
phot oel ectric conversion elenent is fixed so as to be covered with the
sealing layer. At this tinme, a liquid injection hole for introduction of
the electrolyte is preferably left. After the electrolyte is enclosed into
the inside of the sealing |ayer through the liquid injection hole, the

liquid injection hole is preferably covered with the arnoring nmaterial,
and the sealin

The i nort aFRBEbISr B FODIBTPTRL0) e SoRaI T} Zdphol ool et coonver si on
an upper limit of the porosity, the porosity is normally,
preferably in the range of about i0 to about 80% from a
viewpoint of the physical strength of the porous
insulating layer. The porosity 1s egual to or smallex
than 10%, which exerts zn influence on the difﬁusion of
the electrolyte, thereby remarkably reducing the
characteristics of the dye-sensitized photoelectric
conversion element module. In addition, a micropore
diameter of the pcrous insulating layer is preferably in
the range of 1 to 1000 nm. The micropore diameter is
smaller than 1 rm, which exerts an influence on the
diffusion of the electrolyte, and the impregnation of the
dye, thereby reducing the characteristics of tﬁe dye-
sensitized photoelectric conversion element module.
Moreover, when the micropore diameter is larger than 1C00
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 no limit to a method of manufacturing
the porous insulating layer, the porous insulating layer
is preferably a sintered body of the oxide particles
desgscribed above.

(00247
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el ement nodul e can be manufactured into various shapes dependi ng on
applications thereof, and thus the shape thereof is not especially
limted. Thedye-sensitizedphotoel ectricconversion el enent nodul e i s nost
typically structured as the dye-sensitized solar cell nodule. However, the
dye-sensitized photoel ectric conversion el enent nodul e may al so be
structured as any other suitable one other than the dye-sensitized sol ar
cell nodule, for exanple, as a dye-sensitized photosensor or the |iKke.
[0029] 1In a second aspect, there is provided a nmethod of manufacturing a
dye-sensitized photoel ectric conversion el enent nodule having a plurality
of dye-sensitized photoel ectric conversion el enments £ ctrically connected
in series with om61andﬁh3ﬂ}tsaﬁdCWﬁWHﬁééPBrPﬁg“ﬁEPﬁOZ ﬁe?ﬁ% Tharacteri zed
by having: the process for structur[ng‘the de-§qﬂ§g%&igg otoel ectric
conver si on mteeAtdbye [CaMRRAPTIRE LPatEparént cBhductive layer,
dye-sensitized sem conductor | ayer, a porous Lps I; ek, and a
counter el eetydde ﬁ%?%rd%?di%rﬁxﬁﬁu?ﬁrﬁfV'gf g&éggﬁ%ﬁ@g?%?%MSparent
substrate, in this case, said counter f.ode;Reing formed froma foi
made of eitﬁéﬁ*&knﬁ?%ﬁiﬁﬁ'Sgﬁga?f5§f%ﬁagﬁgg?ﬁg%algatalyst | ayer on one

surface, on si.de of said poroussyimpsylating, ayer, and electrically
connecti ng §§}%Fﬁr’ﬁétﬁﬁ?ﬁ%ﬁgéonductive | ayer of one dye-sensitized

phot oel ectri.c._conversion &l giRntonanrd s68kdr counicendetedt eede of the other

.COo

dye-sensitizéﬁgﬁhotoe%ectrlc conversion el enent to each other in a portion
bet ween t he two dye-sensiidzedrphotaekectrigliconvérsibirsel erent s adj acent
to each other; the process for inpregnating at |east said dye-sensitized
seni conduct Qo1 ayer dead saixbgpanons/ quisehat | Ay ey et kui ¢4 &7 el ectrol yte;
and the process for covering said dye-sensitized phoéoele%%ric conver si on
el ement s Wi tdeed sealhiengléayerlvte[0030] Na, K, Mg, Ca, Ls or Lhe

like is preferabls as a cation of the metal compound
described above, and a guaternary ammoniuvm compound such
as a tetraalkyl ammonium class, a pyridinium class or an
imidazolium class is preferable as & cation of the
organic coﬂpound describedAabove. However, the pressant
invention ig by no means limited thersto. In additien, =2
material obtained by mixing two or more kinds of
materials described above can aleo be used. Of them, the
electrolyte obtained by combining I, and LiI, Nal or the
guaternary ammonium compound such as imidazoliumicdide
with each other is preferable. A concentration of an
electrolyte salt is preferably in the rangs 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. 2 concentration of Ip or By

is preferably in the range of 0.0005 to 1 M, and is more
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The order of the process for inpregnating at |east the dye-sensitized
sem conduct or | ayer and the porous insulating layer with the el ectrol yte,
and the process for covering the each dye-sensitized photoelectric
conversion elements with the sealing |ayer i.s no object, and thus any of
t hese processes nmay be carried out. - In the second aspect, with
regard to any of the matters other than the foregoing, the matter
described in connection with the first aspect is established unless it
departs fromthe nature thereof. [0031] 1In a third aspect, there is
provi ded an el ectronic apparatus having a dye-sensitized photoelectric

conversion el enment nodule, said electronic @ggﬁéatug Qﬁ%ﬁgogharacterized

in that: saiskrdyeesersi theetrpiorsel el i Tsion el ement nodul e has

transparent conductive layers in a plurality % £3s.,,:Eespestively, on a
t r anspar entars wuisit £ ite m28gi 8f dife-gen i?Y%@ﬂlﬁﬁ% Gelectfic conversion

element is structured by lamnating a,dve-sensjtizedcsenbeonductor |ayer,
a porous i nsulestiREEY RIS AR Y Soun gfge ectrode in order on said

transparent conductive | a er5l?%kg counter electrode is forned froma foi

made of eitRRIEEABtLEF G 'an afloy, the counter el ectrode having a

cat al yst Iagﬁéﬁqn one surface, on a side of said porous insulating |ayer;
said transp ft conducti ve | ayer of one dye-sensitized photoelectric

conversion el enen, . and ;sakd-oounteese| eot raatlerofladre 6¢hRF-Uye-sensitized
phot oel ectric conversion elenent are electrically connected to each ot her

in a portion,bet ween,tHendumw «dyes sensiaciczed protoekettFI¢YcBhVer si on
el ement adj acent to each other; at |east said dye-sensitized sem conductor
layer and saidsporous:kssat atiosghbey eriagie édﬁﬁqrﬁﬁVggH%ping with an
) Srene’} S copend e, o suacbRaSr g = FO0REY SELEF A Sapuversion
class, nitromethane, hvdrocarbon halide, dimsthyl
sulfoxide, sulfolane, N-methylpyrrolidone, 1,3-dimethyl
imdazoiidinone, 3-methyloxazolidinong, hydrocarbon, O
rhe like is given as the solvent composing the
electrblyte composition aescribed 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. Morsover, an
jon liguid of a tetraalkyl system, 2 pyridinium system,
or an imidazolium system guateInary ammenium salt can
also be used as the solvent.
[0026]
For the purpose of reducing liguid leakage of the

it i i ion element, and
dye-sensitized photoslectric conversil .

1 i c elatinizing agent
volatilization of the electrolyte, a gelatl g ag ;
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The el ectronic apparatus may be basically any type one, and thus includes
portable type one and stationary type one. G ving concrete exanples, there
are a nobile phone, a nobile device, a robot, a -personal conputer, an

on- board apparatus, various kinds of honme electric appliances, and the
like. In this case, the dye-sensitized photoel ectric conversion.el enent
nodul e, for exanple, is a dye-sensitized solar cell used as a power source
of any of these electronic apparatuses. . I'n the third aspect, with
regard to any of the matters other than the foregoing, the matter ’
described in connection with the first aspect is established unless it
departs fromthe nature thereof. 09§3km:+5= 11ke AGGOLEiNng to the
embodi ment seofyrelie PFESEntFHVEINCTBR tonstituted as described above, since
only one sheet of subpstrate is .r Lr sbe Hsed.-randd tdiexeount er

el ectrode i% ¥6rreEd F?&Wftﬁ%e?%?ﬁgﬁﬁdggg%ﬁz?ther the metal or the alloy
having the catal yst .layer.thereon Qe r;he;d dldrafBedesafcithes nedreri al havi ng
t he catalyt?%ééﬁyﬁﬁgﬁ?%% ékébﬁhtbr%elgctrode can be structured so as to be
thin, which results.i that cthe- thicanh pge andrbhetiwi ghtheavitig of the
dye-sensitizé ﬁﬂ%toe ectric conversion el enment nodul e are possible. In
addi tion, t@gsﬁﬁgﬁ%@iﬁgtggyélthgnfiﬂéo madesed =i eheeltheenetal or the all oy,
and the material for the foil having the catal ytic abilit% whi ch conpose
the counter .gLectdigde. anarwi degdm tthear ange SETERTeCt FEN, *thus there
is norestriction to a phase of the material for the counter electrode.

Mor eover, sizpgethheldyerolwensonpysd-iodni ¥BHY G 8F°FAyer, and the counter
el ectrode are separated from each other throu h,%gg gmgégg§i nsul ati ng

| ayer, the dyecofoltie dyeradidPhi 28d™Edm Eontlttor I'ayer can be prevent ed
from bei ng adsorbed on the counter electr " hys no deterioration of
t he charactéﬁk@??é%sd§m§aﬁ§¥ﬁfa”lca? SRR a8

Conversely, when the ameunt of electrolyte composition 18

too less, the mechanical strength is large, but the 1on

conductivity decreases.. Therefore, the electrolyte

compesition is desirably in the range of 50 to 99 wt%® of
the gel-like slectrolyte, and 1s more preferably in the
range of 80 to 97 wt%. Tn addition, the electrolyte

described above and a plasticizer are poth dissolved in

polymer, and the plasticizer is volatilized to he removed,
Ve,
thereby making it also possible to realize a total solid

type dye-sensitized photoelectric conversion slement

module.
[(0627]

A method of manufacturing the dye-sensitized
photoelectric conversion element module is not especially

Timited. However, when the thicknesses of the each layers,
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[ 0034] According to the enbodi nents of the present invention, it
is possible to realize the dye-sensitized photoel ectric conversion el enent
nodul e for which the thinning and the wei ght saving are possible, in which
there is no restriction to the phase of the material for the counter

el ectrode, and which has the same performance of the electric power
generation as that of the dye-sensitized solar cell nodul e having the Z
type structure. Also, it is possible to realize the high-perfornmance '

el ectroni c apparatus by using the excellent dye-sensitized photoel ectric
conversion el ement nodule. Brief Description of Drawings [0035] [FIG 1]
FIG 1 is a cross sectional view of a main portion Qgraldﬁg-sgnsitized
phot oel ect rig. gopdersidnyel eremattapd P AEL6F di HY! £6°

a177 st "enbodi nent
of the present invention. . )
raken intc consideration, +he samiconductor layer, the
porous insulating layer, the catalyst iayer of the
counter electrode, and the sealing laver before +he dye
is adsorbad are all preferably formed by utilizing the
Vwet 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 purning of the pasis containing therein
the particles composing the respective laysrs. The
poreosities of the respective layers are determined
depending on & 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 counterxr
clectrode is joined to the transparent conductive laver
of the adjacent dye-sensitized photoelectric cenversicn
element. Although the adsorbing of the dys 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 elsctrode

. P
igs joined to the fransparent conductive laver. Alter the
i = K
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[FIG 2A] FIG 2Ais a top plan view of the main portion of the
dye-sensitized photoel ectric conversion el enent nodul e according to the
first enmbodi nent of the present invention. [FIG 2B] FIG 23 is a top plan
view of the main portion of the dye-sensitized photoel ectric conversion

el enent madyl.g accardi ngpto thefddst enbediggnt ofpthe fpries t_aggention

(part 1). [FIG 3A] FIG 3Ais a cross sectional view for explaining a
sensitized photoelectric conversion element is fixed so as
to be covered with the sealing layer. At this time, a
liguid injection hole for introduction of the electrolyte
is preferably left. After the electrelyte is enclosed
into the inside of the sealing layer through the liguid
injection hole, the Iligquid injection hole ig 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 phctoelectric conversion
element module can be manufactured inte various shapes
depending on applications thereof, and thus the shape
therecof is 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
photoelectric conversion element module may also be
structured as any other suitable cne other than the dye-
sensitized solar cell module, for example, as a dye-

sensitized photosenscr or the like.

[0029]
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met hod of manufacturing the dye-sensitized photoel ectric conversion

el ement nodul e according to the first enbodi nent of the present invention
(part 1). [FIG 33] FIG 33 is a cross sectional view for explaining a
met hod of manufacturing the dye-sensitized photoel ectric conversion

el enent dul e according to the first enbodi t . h t i ti
(part 2) rﬂinBe?t ﬁt?(‘fémfjo? a@é)leﬁi’ngl%%trﬁehelosl h\r}r@glhnqvg%e& [ %?‘?’I%%ﬁocj' rgEm L on

manufacturing a dye-sensitized photoelectric conversion
element module having a plurality of dye-sensitized
photoelectric conversion elements electrically connected
in series with one another, said manufacturing method
being characterized by having: the process fer structuring
the dye-sensitized photoelectric conversion element Dby
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, said counter
electrode being formed from a foil made cf either a metal
or an alloy and having a catalyst layer on one surface, on
a side of said porous insulating layer, 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 photoelectric conversion elements with a

gealing layver.
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Herei nafter, enbodi ments of the present invention will be described with
reference to the draw ngs. FIG 1, FIG 2A and FIG 2B each show a
dye-sensitized photoel ectric conversion el enent nodul e according to a
first enbodi ment of the present invention, and FIG 1 is a cross sectional
view of a BB%HJportion, and FIG 2Ais a top plan view thereof. FIG 1
corresponés 0 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
phot oel ectric conVBFsPEASEl et SRS S W ur AIPESEA-1619 | pe- sRaPEd
transparent conductive |layers 2 are provided on an insulating transparent
subst r at ethej ndparaenaitwked onemafenHBELOA sipype- shapedtdge- sensiEi zed
sem conductor |ayer 3, a stripe-shaped porous insulating |layer 4 and a
stri pe- shapedlaoung elagkectidate thewh lahvtexd gk i midetlsanerdi¢est fon as
that of each of the transparent conductive layers 2 are |am nated in order
on each ofotbeihgansparenth capduskinge thayer soistddisaby: st systurkngneach
of dye-sensitized photoelectric conversion elenents. At |east the
dye-sensi tiZednseM,¢PRAURLOL LAY el 3 -ARd- tihe por di?L%ﬁﬁ'Pﬂuéa¥ﬁ§ 4 are
entirely inpregnated with an el ectrolyte. The counter electrode 51is
formed frgma, foil gsgéserbégeﬁeacgﬁ% oL ,@n all oy containing therein
at | east one or nore kinds o | éhents selected fromthe group consi sting
of Ti, NN, C, Fe, Np, Ta and Zr, pravided with a catal yst_ ] ayer
cont ai ni ng therei%na?hﬁeai?c 8PPRGTe K hds SPI98FENE s28E| étt eli“From
the group consisting of Pt, Ru, Ir and C on one surface, on a side of the
por ous iﬁ%@?%@?%goFg9ért@?ﬁntﬁ@oﬁ?éegéiﬂgnaééﬁﬂmﬁiﬁﬁﬂeﬁﬁ%ﬂrkkﬁﬁa}ﬂing
therein at |east one or nore kinds of elenents selected fromthe group
consi sti ngeofePiiomuvith aii¢ Gidst t abpechsés ®amadtlisdfedt henless it
dye-sensitized sem conductor layer 3 is smaller than that of the

t ranspar etdpzonsluttowethayest 2re atideaepdrti on t hereof adjacent to one side
in a longitudinal direction of the transparent conductive |layer 2 is
exposed. Pawdih of the porous insulating layer 4 is |arger than that of
the dye-sensitized sem conductor layer 3, and the porous insulating | ayer
4 is provided so as to cover the entire dye-sensitized sem conductor |ayer
3. One end of the porous insulating | ayer 4 extends al ong one side surface
of the dye-sensitized sem conductor |ayer 3 to contact the transparent
substrate 1, and the other end thereof extends al ong the other side
surface of the dye-
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sensitized sem conductor |ayer 3 to contact the transparent conductive

| ayer 2. In addition, one end of the counter electrode 5 of one
dye-sensitized photoel ectric conversion elenent is joined to the
transparent conductive layer 2 of the adjacent dye-sensitized
phot oel ectric conversion el enent through a conductive material 6. As a
result, a plurality of dye-sensitized photoelectric conversion el enents
are electrically connected in series with one another. The nunber of
dye-sensitfzed phbi&dl eéfPceteondesicon idd enefR sl ¢ahnedt edei aCEEPNES With
one another is selected as may be necessary. A sealing layer 7 is provided
S0 as to zoveramupohsvongdef idyed dpngiie soliplert et ketrode Scanershenpor ous
insulating | ayer 4 between each two dye-sensitized photoelectric

conver si ofil €hement Smodndean enddi®e suefaeerehithe cogunirertel ectvodegs.
Each of the dye-sensitized photoelectric conversion elenments is seal ed
with the geatd fgetayed 4n MOhgoVersa A &FAIdNG ifil AL ab HDE b D0 BRE E1 al )
made of a gas barrier material is bonded’to the entire surface of the
sealing | - A - ' [ rgj t]

portion §%¥§%%%Séﬁpﬂ§ﬂgm%ﬁgﬁﬁg ?%%O?%gFﬁggngﬁﬁgg%@t%%H%%g%ggéi%%ﬁ?é?ing

| ayer 4, the couPter el ectrode 5 and the s aliggrla er 7 1s shown iQ FI G
2B. [0037]" @ PIUFannidondtictdr e SSarticie |9Yer obt Al wea By
supporting a dye in is used as the dye-sensitized sem conductor |ayer 3. A
resin, a YHEsL3Te7 orsdheé |W%7S%$lé<é%| ePhpEoaseat BECt heCBBRF FHG™| ayer
7. Afilmwhich is equal to or smaller than 100 (co/n2/day/atn) in

pet neation rate of oxygen, and is equal to or smaller than 100 (g/nR/day)
in pernmeation rate of water vapor is suitably used as the arnoring film 8.
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Materials which are selected fromthese previously given as may be
necessary can be used for the transparent substrate 1, the transparent
conductive layer 2, the dye-sensitized sem conductor |ayer 3, and the
porous insulating |ayer 4, and the counter electrode, respectively. [0038]
Next, a de crigtion wi | i respect, to a method o

| be given th fo. .
manuf act UFTHESthe dfe- SERSHFES pidt ol BT G tbnvar sHBR~eFRitht Z7ddul e.
Firstly, as shown in FIG 3R, after the transparent substrate 1 is
pr epar ed, SHRECOHEIE Fahspet € cohdiRAToKS | dyertlatilag odpg@rovernthedentire
surface of the transparent substrate 1, the transparent conductive |ayer 2
i s patterpediiarocseriipedehdpesobyeet chi sgaidNextansppasite conduwhicd t he
sem conductor fine particles are dispersed is applied at a predeterm ned
gap onto kagdrpofssihe toansparebéctondeacisvectayer srdm Nexbilthede of
transparent substrate 1 is heated at a predeterm ned tenperature to sinter

the sem conguet ox hkpgipakt il @s.1dhereRy darmidg & semsanduct ongl ayer
made of the sem conductor fine particle sintered body. Next, the
408

transpare r Lch i conduct ayer
senicondu%%%?yglneﬁ%gs%ic emg?%tééggk%%%; ?@ gbr%%%% %grfgggﬁﬂ@é
imersed in_a dye solution, thereby supporting _a dye for, sensitizing in
e semi CONHUT BEY | heYBart Paf gs CAPRSbae™S maREiot itife e etlsi 1 9ed
senicondqgtor | ayer, 3 is formed on each of the transparent conductive

| ayers 2.9Xexiearte?red hepoéredsitastl ATHE TRVt 21FEeRbr néddoverithe
entire surface, the porous insulating layer 4 is patterned into stripe
shapes byc@irlingElagkrodafeerthhectormdudyevecnat eirall Bhoso¢beedion a
joining portion to the conductor electrode 5 on each of the transparent

conduct i veorrages o2, eldreecountercebectiogel b bannagtédetcatatlystthayer on
one surface of the foil nmade of either the netal or the alloy having the

predet er Mimed ghapeonorbdthieegounher tebecdyodah: forsmd fromihecfeit mde
of the material having the catalytic ability, is forned and is then joined
to the conversion element adjacent to each other; at least said

dye-sensitized semiconductor layer and said porous

insulating layer are eéch impregnating with an electrolyte;

and each of said dye-sensitized photoelectric conversion

elements is covered with a sealing laver.

[0032]

The electronic apparatus may be basically any type
one, and thus inciludes portable type one and statiocnary
type one. Giving concrete examples, there are a mobile

phone, a mobile device, a robot, a perscnal computer, an

on-board apparatus, various kinds of home electric
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conductive material 6. [0039] Next, as shown in FIG 38, the
sealing layer 7 is formed over the portion defined by the counter

el ectrode 5 and the porous insulating | ayer 4 between each two
dye-sensitized photoel ectric conversion elenents, and the entire surface

of the counter electrode 5 except for a portion in which a liquid
injectionaHBEéa?FﬁﬁrcﬁF@dtB§ ﬂé?@rené@ ﬁghﬁrﬁPsgrlHhﬁléyeZA?nﬁéFléaéh
dye-sensitized ?hotoglectrlc conversion el ement is forned. ~ Next,
an el ect rBhgtpelestuifoncngergjiiest edemsnsugivditie, | ifui defarebti ohshel e 9
previously forned every dye-sensitized photoel ectric conversion el enent,
t her eby i dpeegeatingzeat spéky eadh ofsethesdye-menst ts@ed-sest candustor

| ayer 3 and the porous insulating layer 4 with the el ectrolyte.

Next, thetBegerédgetidm 8 bppheadedeto the entire surface of the sealing
| ayer 7. The dye-sensitized photoel ectric conversion el enent

modul e shown in FG t}leanéhﬂ@ £hpd S magutgctured i n dbhe, manper age
descri bed above. [0040]

matters other than the foregoing, the matter described in
connection with the first aspect is established unless it
departs from the nature thereof.

[0G33]

According to the embodiments of the present
invention constituted as described above, since only one
sheet of substrate is required to be used, and the counter
electrode is fermed from the foil made of either the metal
or the allcy 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
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 material for the

counter electrode. Morecover, since the dye-
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Next, a description will be given with respect to an operation of the
dye-sensitized photoel ectric conversion el enent. nodul e. A |ight
which is transmtted through the transparent substrate 1 to be nade
incident fromthe transparent substrate 1 side excites the dye of the
dye-sensitized sem conductor |ayer 3 to generate an el ectron. The el ectron
i s qui ckl ¥Rt FY87Rd SEMIAPIRECEPE R YHer séhfic FRduct L ¥$heSpaFErerss of
the dye-sensitized senm conductor layer 3. On the other hand, the dye which
has | ost &he eteerabondréreinveschnoehest tbmofigbntan pPonoka theuékédneol yte
wi th which each of the dye-sensitized sem conductor |ayer 3 and the porous
i nsul ati nbayayer thear@gyenbifr ethe | dpeegratséd,i zand fennibtecile: avhi thyhas
delivered the electron receives an el ectron again on the surface of the
counter etgetriode SredBnetact rosmt i veihgr cadksrpener ahedthet wesint he
transparent conductive layer 2 electrically connected to the

dye-sensitized-56a] conduchos haygL+3riapdiibe ceupher cghegtfadespiba
accordance with the series of reactions. The photoelectric conversion is

carried out in the manner as described above. In this case, a total

el ectronotive force of the electronotive forces of each dye-sensitized
photoelectéég.gonversion el ements is generated between the transparent
conductiv @ r 2 of the dye-sensitized photoel ectric conversion el ement
in one end of a plurality of dye-sensitized photoelectric conversion

el ements connect edFFArSErY estRi t Hivhe GHBPHENSNARD CHe cdifnt ePrEFEBErode 5
of the dye-sensitized photoelectric conversion elenent in the other end

t hereof . J@0Hijion, it Agsormdigmilile the frestiesbddienedye-tshescolnedr

el ectrode 5 can be structured to be thin because only the transparent
substrat epHotiseYegurted tonberssen asléhensubsbdale, and theiechuntie
electrode 5 is forned fromthe foil nmade of either the nmetal or the alloy
havi ng t hen catahysind ayes Lbegeensaeingharbopbsgadee0f i L hgnhaherhakhavi ng
the catalytic ability. As a result, the thinning and the wei ght saving of
t he dye-sensit,z ctrjc n ion_.el o} e si bl e.
I n additf%ﬂ,h%héE%%?€$¢gf$?o&I{h%§?o¥%kﬁggeogfqg%{hggtgﬁgg%efg%?ogﬂghe

al l oy having the catalyst. |layer,thereon or the material for the foi

havi ng tﬁ?%ﬁi%ﬁyFigcg PPPyy W ok %SﬁpégﬁstggecgﬁﬁFe@e ééﬁ%%ﬁﬁ?Sogre
wide in tQﬁ%Q%Qge of selection, and, thus there i% no restriction to the
phase of % i Lf FOreY ndeotmt 6P ef8ctrade®t MorBodERTSERACRI ERE
dye-sensitized sem conductor |ayer 3 and the counter electrode 5 are

separ at edFF+rd @ach Bt@ete throligh the poEvls FhRBUFRErAg | AYep, 41tt he dye
of the dye-sensitized sem conductor |ayer 3 can be prevented from bei ng
adsor bed mrsttelcouricer efetirede e anditdiupendormance electronic

apparatus by using the excellent dye-sensitized

photoelectric conversion element module.

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

of a dye-sensitized photoelectric conversion element
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deterioration of the characteristics is caused. Therefore, it is possible
to realize the dye-sensitized photoel ectric conversion el enent nodul e

whi ch has the sanme performance of the electric power generation as that of
t he dye-sensitized solar cell nodule having the Z type structure. In
addition thereto, each of the dye-sensitized photoel ectric conversion
elenments is sealed with the sealing layer 7, and the arnoring film 8 nade
of the gas barrier material is bonded to the entire surface of the sealing
| ayer 7. Therefore, gas such.as oxygen, or water vapor can be prevented
frompenetrating fromthe outside into the inside of the nodule.

Therefore, it is possible to suepress deterioration of the characteristics
such as t he phstlecbectrdiogconveridirsn SRIGETEREYCE FOF PRFE eason, it is
possible to realize the dye-sensitized photoelectric conversion el enent
nmodul e whi chile®@BtABEint ai n t he excell ent characteristics for a | ong period
of time, and which_has the high durability. [0042] A description
will now be B$V%n2&ﬂth respect to Exanples of the dye-sensitized

phot oel ectric convgf'igg ?nggﬂk ngyhgﬁwEégrtggh@iﬁfb@ﬁjgﬁ BFO fil mwas
formed on a gl ass substrate,

the dye-sensitized photoelectric conversion element

module according to the first embodiment of the present

invention.

[FIG. 2ZB]

TIG. 2B is a top plan view of the main porticn of
the dye-sensitized photoelectric conversion element
module according to the first embodiment of the present
invention {part 1j.

[FIG. 3Al

FIG. 32 is a cross sectionallview 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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the FTOfilmwas patterned by etching to eight stripe-shaped patterns so
as to define a gap, having a width of 0.5 mm between each two
stripe-shaped patterns. After that, ultrasonic cleaning was carried out by
usi ng acetone, alcohol, an alkali systemcleaning liquid, and ultrapure
water in order, and drying was sufficiently carried out. A titanium
oxi de paste nmade by Sol aroni x was applied onto the glass substrate so as
to obtain eight-shaped patterns (a total area was 16 cn2) each having a
width of 5 nm and a length of 40 mm by using a screen printer. Wth
regard to the paste, a transparent Ti Nanoxi de TSP paste, and a Ti - Nanoxi de
DSP containing therein scattering particles were lamnated in order from
the gl ass subsiydte side so as to have a thickness of 7 pm and a

t hi ckness of 13 pm respectively. As a result, a porous TiQ2 film having a
thi ckness of 20 unki¢yeinetart waFtoBtRERed CIAFRBIPEFREPor OISR fil m was
burnt in an electrical furnace at 500C for_ 30 mnutes, and the standing to
cool was t hemithrme B85URe% HathordG = RF et i HaE 1 Hersed in 0.1 nol /L

of a Ti014 solution, was held at 70C_for ;30 nmijpu apd.was sufficiently
cl eaned by using pE?%‘ﬂatgFGaﬁgigpgaﬁ%'i2%%F8Fﬂ f%ﬁhg,ggﬁe porous Ti Q2

filmwas burnt_ at 50QC for_ 3 1. hut : Waysadell O2 sintered
body was nanﬁ?%%?ﬁf&g.pTﬁﬁf@%cgkﬂycg%vﬁg§%§yggfﬁfgonfa pgste for screen

printing whi ghoyes br epaj e ok SnpIRUEher JEnad yiseosi tibycusing et hyl
SO

cel | ul ose af f&r ent displacenent to terpineol was carried out by using

a comerci al Ly, ayai | able Zid:6aBi sedlispension: |imui datmscappbied onto the
Ti Q2 sintered body descri bed above so as to have a length of 41 mMm a

wi dth of 5.5.pm randza thigknessief diGwinheAdds®r FTHe. rlesulting zirconia
paste filmwas dried, the zirconia paste filmwas burnt in the electrica
furnace at 500C€-éerord3@ nbnat eslakbpedustess waytienaporoes Ga¥8nl @ting | ayer
was forned.

line X-X of FIG., 2A.

Ac shown in FIG. 1 and FIG. 2B, in this dye-

gensitized photbelectric conversion element module, a

plurality of stripe-shaped transparent conductive layers

2 are provided én an insulating transparent substrate 1

in paralliel with one ancother. A stripe~shaped dye-

sensitized semiconductor layer 3, & stripe-shaped porous

insulating layer 4 and a stripe-shaped counter elaectrode

% 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

gemiconductor layer 3 and the porous insulating layer 4

are entirely impregnated with an electrolyte. The counter
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[ 0044] Next, the TiQ2 sintered body was imersed in a

tert-butyl al cohol/acetonitrile mxed nedium (1 : 1 in volune) of 0.5 nmM
cis-bis (isothiocyanate)-N, N-bis (2,2 -dipyridyl-4,4'-dicarboxylic
acid)-ruthenium (I1) ditetrabutyl amoniumsalt (N 719 dye) at a room
tenperature for 48 hours, thereby supporting the dye in the TiQ2 sintered
body. The Ti Q2 sintered body having the dye thus supported therein was

cl eaned by using acetonitrile, and was then dried in a dark place. A
dye-sensitized Ti Q2 sintered body was manufactured in the manner as
descri bed above. [0045] Next, an ani sotropicallY conductive paste
was applied onto the stripe-shaped dye-sensitized Ti O sint er d body to
have a wi dt leiekt@ode fmisofasnad fempariileFade tf & st rd pE: ?ﬁaped
dye-sensitized Ti Q2 sintered body, and was.thep dried. more kinds\ext, a
counter el ectrr Gdea b AIGEHAEY RDrAFTEHA g *Bhe Tt PAcEOSF A fitani um foil
havi ng a thickness of 0.05 mmwth i Sopro o] . 005 MM

pl ati ni ¢ chlor iFd8™R EafFyFhg §t %{j’%eglbuurpn?:%gsﬁ%ﬁ% Slc):f\?\f/als' (1:\}8'5 into

pi eces each having size of 40 : el ihe suef ont o whi ch

t he pl ati ni ehlFr i ]g% VTV;.aé gpr%ergﬁd\);éé’ | revcl?feegli ?%%Ak/grd thep%e;?e- sensitized
Ti Q2 sinter el hody gl de: LNehEYs.£RT YLD Qe bliendld gamEalar t he

ani sot r opi cal 7 conduct 1 v past e descr.i bed above, and the counter

el ectrode meéferje%itgegeié)ct%@clﬁr%k@fe Q!oﬁ@%ﬂ)&ﬁ@ﬁli@@&jfor}?t, 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 therecof adjacent to one side in a
longitudinal direction of the transparent  conductive
layer 2 is exposed. A width of the perous 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
iayer 4 extends along cne side surface of the dye-
sensitized semiconductor layer 3 to contact the
transparent substrate 1, and the other snd thereci
extends along the other side surface of the dye-

sensitized semiconductor layer 3 to contact the
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bondi ng. [0046] A portion through which a bonding surface of the
arnoring film and a power collection term nal were connected to each
other, and a pattern for liquid injection having a dianeter of 1 nmwere
left on the glass substrate descri bed above, and an WV cure adhesive

agent was applied by screen printing so as to cover all the dye-sensitized
phot oel ectric conversion elenents. After the application, when air bubbles
perfectly outgassed, an ultraviolet light was radiated to the UV cure
adhesi ve agent by using a conveyer type UV exposure system thereby curing
the WV cure adhesive agent. [0047] 0.045 g of sodiumiodide (Na:),
1.11 g of 1-propyl- 2.3-dinmethyl imdazoliumiodide, 0.11 g of iodine
(12), and 0.08hsgaptny-Eapechify|1aygfi i néT vt tdic8s of ¥ #1on ©F

nmet hoxyacetonirile, thereb reparing an_ el ectrol iti
y the counter eled rgder% of gne dye—sensgkégé% conmposi tion.

photoelectric conversion element is joined to the
transparent conductive layer 2 of the adjacent dye-
sensitized photcelectric conversion element through a
conductive material 6. As a result, a plurality of dye-
sensitized photocelectric conversion elements are
electrically connected in series with one another. The
number of dye-senszitized photcelectric conversion
elements connected in series with one another is selected
as may be necessary. A sealing layer 7 is providad sc as
to cover a portion defined by the counter electrode 5 and
the porous insulating layer 4 between each two dye-
sensitized photoelectric conversion elemernts, and an
entire surface of the cgunter.electrode 5. Each of the
dye~sensitized photoeiectric convergion elements is
sealed with the sealing layer 7. Moreover, an armoring
film (armoring material) made of a gas barrier material
is bonded to the entire surface cof the sealing layer 7. A
top plan view obtained by enlarging a portion (a porticn
surrounded by a chain line in FIG. ZA) 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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Next, after the electrolyte conmposition thus prepared was injected under a
reduced pressure through the liquid injection hole, having the dianeter of
1 nmm prepared as descri bed above, the el ectrolyte conposition was held
under an increased pressure of 0.4 MPa for 30 minutes, so that the

el ectrolyte was nade to perfectly penetrate into each of the
dye-sensitized photoel ectric conversion elenents. In such a way, the
dye-sensitized Ti Q2 sintered body and the porous insulating | ayer are

i npregnated with the electrolyte. [0048] Next, the liquid injection hole
for the electrolyte described above was sealed with the UV cure adhesive
agent, and an arnoring filmobtained by joining a hot-nelt. adhesive film
to a bonding surf aceenfcandorver Eiag [BETAVELE abYE aPRRF HFD Pni nate film
was prepared. The arnoring filmwas fusion-bonded L%fthﬁ out er nost

peri pheral pontoonind at Hget Fankspacet 25 W AEeUtider “the reduced pressure
by using a heat sealer, thereby obtaining_a e- Siti toelectric
conver si on el EHERPIRTAT e2YFH heAdy%Egﬁngi9ﬂ%§a%gﬁo%%éﬁ§g€??g conver si on

el enment nodul e, eight dye-sensiti t CLL] C7 CORVEISi QRighenents
each having %”éﬁfé%aﬁ“ MRS %ﬁ?%bggg%%ﬁ%gc ed in series with one

anot her . [ 0049 E{qul%-%mallei t aﬂAlgVeU§§H§y&ifﬁﬂimthﬁOeleCtriC
conversi on et® f-noddl e “was™ nanuf act ur ed simlarly to the case of

E_Xarrpl e 1 ex eelgéeatttﬂgrg Aecoyat gﬁy&ir@,crah@dﬂsvﬁﬁlaﬁﬂtm isatadlarfoi | shape
Wi th a carbon paste. Exanple 3 ‘
than 100 (g/m*/day} in permeation rate of water vapor 1is
suitably used as the armoring £ilm 8.
Materials which are selected from these previously
given as may be necessary can be used for the transparent
substrate 1, the transparent conductive laver 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 eslement module.

Firstly, as shown in FIG. 34, after the transparent
substrate 1 is prepared, and the transparent conductlve
layer 2 is formed over the entire surface of the
transparent substrate 1, +he 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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A dye-sensitized photoel ectric conversion el enent nodul e wa

simlarly to the case of Exanple 1 except that a counter elzcgﬁgggaa;gred
formed into a foil shape with a platinum supported carbon paste.
A dye-sensitized photoel ectric conversion el enent nodul e was manufact ured
simlarly to the case of Exanple 1 except that a counter electrode was

formed froma platinumfoil

Exanpl e 4

havi ng a thickness of 0.05 nmm and no catal yst

| ayer was provided. Exanple 5 A dye-sensitiz i i
) ) ed photoel ectric conversion
el enent nodul e was manufactured simlarly to the case of Exanple 1 except

thap a counter el ectrode was formed into a foi
havi ng a thickness of 0.05

6

shape with a carbon paper

and no cat al yst [
dispersed is appljr_g}l at a predetermgnedlga e%n\é\gseapé’ho%'fded' Exanpl e

the transparent conductive layers 2. Next, the
transparent substrate 1 is heated at a predsetermined
cemperature to sinter +he semiconductor fine particles,
thereby forming a semiconductcr layer made of the
semiconductor fine particle 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 supperting 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 en£ire 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 5
on each of the transparent conductive layers 2, the
counter electrode 5 having the catalyst layer on one
surface of the foil made of either the metal or the alloy
naving the predetermined shape, o©or the counter electrode
5 formed from the foil made of the material having the
catalytic ability, is formed and 1s then joined to the

conductive material ©.
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Sim arly to the Gase of Bxample 1 except thal a counter efectrode ves
formed into a foil shape with a carbon Baperahasiﬁgugt?LigLﬁgggogf 8635
UM and a catalyst |ayer was provided by using a platinic chloride. -
Exanple 7 A dye-sensitized photoelectric conversion el ement nodul e was
manufactured simlarly to the case of Exanple 1 except that an In paste
_2ﬁffgigdcggf;§??nof using an anisotropically conductive paste, and a
g an electrolysis solution is covered with a resin.
[00391
Mext, as shown in FIG. 3B, the sealing layer 7 is
formed over the portion defined by the counter electrode
5 and the porous insulating layer 4 between each two dye-
sensitized photoelectric comversion elements, and the
entire surface of the counter electrode 5 except for a
portion in which a liquid injection hole (indicated by
reference numeral 8 in FIG. Z2A) for each dyefsensitized
photoelectric conversion element is formed.
Next, an electrolytic solution is injected through
the liquid injection hole 2 previously formed every dye-
sensitized photoeleétric conversion element, thereby
impregnating entirely each of the dyve~sensitized
semiconductor layer é 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. 238 is manufactured in the
manner as described above.
10040]
Hext, a description will be gilven with respect to

an operation cf the dye-sensitized photoelectric

convarsion elsment module.
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Exanpl e 8 A dye-sensitized photoel ectric conversion el enent
nodul e was manufactured simlarly to the case of Exanple 1 except that a
roomtenperature cure Ag paste was used instead of using an

ani sotropically conductive paste, and a surface contacting an el ectrolysis
solution is covered with a resin. Conparative Exanple 1

dye-sensitized photoel ectric conversion el enent nodule 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 folmed by spraying an | PA
solution of a platinic chloride simlarly to the case of Exanple 1, and
upper and | ower substrates were joined to each other by using a power

col l ection el ectroulesightaegiagf iantpeppudies BEXAYeg BBth ends each covered
with a resin. [0050] In the dye-sensitized photoel ectric
conversi on eltrenerawdubsStortEdaksl B8 1249 BCIME ESrPardti ve Exanple 1
nanufacpured in the nanner as described apove, th {gh tgelqgtric
iogve;gbogviﬁtzﬁﬁﬁﬁéP%§“ﬁﬁﬂé?t?Hbsﬁgﬁi%f?b Ff s PEeldo 2ol FT i ght (AM

. 5, C

sengitized semiconductor layer 3 toc generate an electron.
The electron is quickly delivered from the dye to the
semiconductor fine particles of tﬁe dye-sensitized
semiconductor layer 3. On the other hand, the dye which
has lost the electron receives an electren 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 Lhe counter electrode 5. An electromotive
.force is generated between the transparent conductive
layer 2 electrically connected to the dye-sensitized
semiconductor laver 3, and the counter electrode 5 in
accordance with the series of reactions. The
photoelectric conversion is 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 is generated between
the transparent cenductive layer 2 of the dye-sensitized
photoelectric conversion element in one end of a

plurality of dye-sensitized photoelectric conversion
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were measured, and thicknesses of maximum protrusion portions of these
dye-sensitized photoelectric conversion el ement nodul es were nmeasured with
a d! gital vernier caliper. The results are shown in Table 1. [0051] [Table
1] ' Phot oel ectricMdul e t hi ckness conversi onnm lefficiency % : Exanple 1

elements connected in series with one anocther, and the
counter electrode 5 of the dye-sensitized photoelectric
conversion element in the other end thereof.

[G041]

According to the first embodiment, the counter
electrode 5 cén be structured to be thin because only the
transparent substrate 1 1s 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 posgsible. 1In addition,
the material for the foil made of either the metal or the
alloy having the catalyst layer therescn 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 regtriction to the phase
of the material for the counter electrode. Morsover,
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-
cenzitized semiconductor layer 3 can be prevented from

being adsorbed on the counter electrode 5, and thus no
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8.2 1.33 Exanple 2 8.1 1.30 Exanple 38.4 1.35 | Exanple 4

deterioration of the characteristics is caused. Therefore,
it is possible to realize the dye—sensitized

photoelectric conversion element module which has the

same performance of the electric power generation as that
of the dye-sensitized solar cell module having the Z type
structure. In addition thereto, each of ths 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, oTr
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
reazson, it is possible to realize the dye-sensitized
photoelectric conversion element module which can
maintain the excellent characteristics foxr a long period
of time, and which has the high durability.

[0G42]

A description will now be given with respect to
Examples of the dye-sensitized photeoelectric conversion
element module.

Example 1

After an FTO f£ilm was formed on a glass substrate,

42



8.2 1.32 Exanple 5 7.8 1.30 ; Exanple 67.9 1.29 ' Exanple 78.2

the FTO film was patterned by etching to eight stripe-
shaped patterns so as to define a gap, having a width of
0.5 mm, between each two stripe-shaped patterns. After
that, ultrasonic cleaning was carried out by using
acetone, alcohol, an alkali system cleaning liguid, and
ultrapure water in order, and drying was sufficiently
carried cut.

A titanium oxide paste made by Solaronix was
applied onto the glass substrate 80 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 te the paste, a transpéreﬁt Ti-
Nanoxide TSP paste, and a Ti-Nanoxide DSP containing
therein scattering particles were laminated in order from
the glass substrate side so as toO have a thickness of 7
pm, and a thickness of 13 um, respectively. As a result,
a porous TiO, f£ilm having a thickness of 20 um in total
was obtained. After the porous Ti0; film was burnt in an
electrical furnace at 500°C for 30 minutes, and the |
standing to cool was then carried out, the porous Til:
£ilm was immersed in 0.1 mol/L of a TiCl. sclution, 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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1.35 i Exanple 8 8.2 11.35 1Conparative 1 Rwarrinlel 8.3 2.37

way, a TiO; sintered body was manufactured.
[0043]

Next, a zirconia paste for screen printing which
was prepared at a predetermined viscosity by using ethyl
celiunlose after solvent displacement to terpineocl was
carried out by using a commercially available zirconia
dispersion liguid was applied onto the TiG: sintered body
deseribed above so as to have a length of 41 mm, a width
of 5.5 mm, and a thickness of 10 mm. After the resulting
zirconia paste film was dried, tﬁe 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.

10044

Next, the TiO; 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 acid}-~ruthenium (IL}
ditetrabutyl ammonium salt (N 719 dye) at a room
temperature for 48 hours, thereby supporting the dye in
the Ti0, sintered body. The Ti0, sintered body having the
dye thus supported therein was cleanad by using
acetonitrile, and was then dried in a dark place. A dye-

sensitized Ti0O: sintered body was manufactured in the
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[ 0052] It is understood from TABLE 1 that th iti
phot oel ectric conversion el ement nodul es of Exanpleseldgg Zegfgt;iggllent
in performance of electric power generation, and are greatly thinned as
conpared with the case of Conparative Exanple 1. Mor eover, in the
dye-sensitized photoelectric conversion el ement nodul es of Exanplés l1to 8
manuf actured in the manner as described above, the photoelectric
conversion efficiencies after radiation of the pseudo-solar light (AM1.5
100 MW cm 2) at 60C for 1000 hours (durability accelerated test) were o
measured. As a result, it was found out that these dye-sensitized

phot oel ectric conversion el enent nodul es i i
are i
PoosS: C convers| on ol SNt very excellent in durability.

(0045]

Next, an anisotropically conductive paste was
applied onto the stripe-shaped dye-sensitized TiO:
sintered body to have a width of 0.5 mm so as to be
parallel with the atripe—shaped dye—sénsitized TiCs
sintered body, and was then dried.

Next, a counter electrode obtained by spray-ceoating
one surface of a titanium foil having a thickness of 0.05
mm with an ilsopropyl alcchol of 0.05 mM platinic chloride,
and carrying out the burning at 385°C was cubt into pieces
each having a size of € mm x 40 mm. After the surface
onto which the platinic chloride was sprayed was dlrected
towaﬁd the dye-sensitized TiO; sintered body side, thereby
carrying out the alignment, the anisotropically
conductive paste described above, and the counter
eiectrode were joined to each other by thermocompression
bonding.

[0046]

A portion through which a bonding surface of the
armoring film, and a power collection terminal were
connected te each other, and a pattern for liguid
injection having a diameter of 1 mm were left on the

glass substrate described above, and an UV cure adhesive
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Next, a description wll be given with respect to a dye-sensitized
phot oel ectric conversion el enent nodul e according to a second enbodi nent
of the present invention. In this dye-sensitized photoelectric
conversion el enent nodule, in the dye-sensitized photoel ectric conversion
el ement nodul e according to the first enbodi ment, an electrolyte is nade
of an electrolyte conposition which contains therein iodine, and contains
therein a conpound having at | east one isocyanate group (-NCO, nore
preferably in which the conmpound contains therein at | east one or nore
ni trogen containing functional groups within the sane nolecule in addition
to the isocyanate group, or which further contains therein conpound
havi ng at | eagdntomes cropineé by tIGGEn BOMEINEI A FUNct FORHT a3rloups in
addition to that conpound. Although there is esgeciallx no limt to the
compound havitmy dve-beesitisd BIOTELEFEHTyRRIEES YOS EENCO), t he
conpound is preferably caonpatible wth, a saqlvent_ of | ectrol yte, an
el ectrol yt e B&re: thRITRRIFEATLRY (1HSA 3b%wﬁéégiﬁft ?ﬁﬁﬁ?%lﬁhe conpound havi ng
at | east one or nore nitragen contacti Gt I-OURe ity SuUi tably an
ani ne systen?%%ﬁﬁﬁﬁﬁd,m1ﬁ§‘é ﬁﬁgﬁﬁﬂﬁégﬁgééﬁgdgFggﬁ%%g@éggciaIIy linited
thereto. Although there i i.alsl O~ JBlart b @vankpes st em
conpound, th%u%%fﬁ%e§§§%§eggﬁ%gdﬁgn¥sgp$%$§$§blyy%onpatigle with a
sol vent of ap electrglylis, AR:ifleald obytersaldhesand afdper addition agents.
The nitrogen tontai ning functional group is made to exist together with
the conmpoundhgying at |east one or nore isocyanate groups, which
especially, largely contributes to an increase in open voltage of the
dye-sensitized photoet®af wifcseanwerstode el¥aient 1pbdul €8, 1gpeditical |y, the
conpound having at | east one or nore isocyanate groups, for exanple, is
i socyani ¢ phenghdinssnyyaimisazol shborwdlyl 0- 156t paniedihchitarophenyl
i socyani ¢ cycl ohexyl, isocyanic o-tolyl, isocyanic p-tal %7.isocyanic
n-hexyl, 2, 4adidi 80t8fani eft biyATEnButd} iRYGEFant c"’%@xgﬁé?%y Sné’
4, 4' -diisocyani c nethyl enedi phenyl or the |ike. FQ&%X@%eltﬂﬁ pr esent
i nvention isMSFRABYARSAAREIT A1 eACERRY SSPA R Addi fion, specifically, the
am ne system conpound, for exanple, is 4-tert-butyl pyridine,

compesition.

Next, after the electrolyte composition thus
prepared was injected under a reducad pressure through
the liguid injection hele, naving 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 slectrolyte was made Lo perfectly
penetrate into each of the dye-sensitized photoslectric
conversion elements. In such a way, the dye-sensitized
TiO, sintered body and the porous insulating layer are
impregnated with the electrolyte.

[0048]

Wext, the ligquid injection hole for the electrolyte
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ani line, N, Ndinethylanilene, N nethylbenz im i

However, the present invention is byyno nmeans ??ﬁ?i:a ?Leﬁgfollke.

Any of the matters other than the foregoing is simlar to that in the
dye-sensitized photoel ectric conversion el ement nodule according to the
first embodi ment. [0054] According to the second enbodi nent, in
addition to the same advantage as that of the first enbodi nent it1is
possi ble to obtai-n an advantage that the electrolyte |ayer 7 i s made of
the el ectrolyte conpound containing therein the conmpound having at |east
one or nore isocyanate groups, which results in that both the short

current and the open voltage can be increased, there maki i i
: ) - ! ing it
to obtain tmesdyebﬁbm$WV¢Z€ﬁ3ﬁﬁ@@é@l%&ﬁWiQ?608E¢§F§1Sﬁx%?gﬁ%n? hDdEFZSIble

havi ng the very hi gh phot oel i i i ci
ectric_conv
agent, and.%ﬂ atmoring £ilm © égf%egnbgfgdﬁﬂigecX'hot-

melt adhesive film to a bonding surface of a commercially
available aluminum laminate film was prepared. The
armoring film was fusion-bonded to the outermost
peripheral portion of the transparent substrate under the
reduced pressure by using a heat sealer, thereby
obtaining a dye-sensitized photoelectzic conversicn
element module. In the dye—sensitized'phstaelectric
conversion element module, eilght dye-sensitized
photcelectric conversion elements each having a size of 5
mm x 40 mm were connected in series with one another.
(00483
Example 2

A dye-sensitized photoelectric conversion glement
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 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.
Example 4
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[ 0055] Exanple 9 During the preparation of the electrolyte
conpound in Exanple 1, 0.045 g of sodiumiodide (Nal), 1.11 g of

1- propyl-2. 3-di nethyl imdazoliumiodide, 0.11 g of iodine (12), and 0.081
g of 4-tert-butyl pyridine was added to 3 g of propyl ene carbonate, and
0.071 g (0.2 nol/L) of isocyanic phenyl was dissolved therein. Any of
other matters is nmade simlar to that in Exanple 1, and a dye-sensitized
phot oel ectric conversion el ement nodul e was obtai ned. [0056]

Al t hough the enbodi nents of the present invention, and Exanpl es have been
concretely described so far, the present invention is by no neans limted
to the enbodi nents and Exanpl es descri bed above, and.thua var{ous changes
based on the techri cak-sefesiGrethrhYrdent T VR CoRT T H&- ade.

For exanpl e, the numerical values, . the structg%es s%hﬁfs e Lhe
material s, trILaVWHBIENPARSTURHE SHTOCESSRSC Shd THE ke WHi ch have been

given in the enbodi nents and Examples, descrjbe &ane; nerely an
exanpl e, an@-ﬁﬁﬁ@PhdﬁEﬁiéaFoggéﬁef}eg Fﬁ% J%%s?os apes, materials, raw

materials, processes.and.the like,which ars di b§epentankr g those given in
the enbodi menits4HY Egé%n&aggnﬁé§§¥?beg Zhove rmy be used as may be
catalyst layer was provided.

necessary.

Example 5

L 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 glement
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
chioride.
Example 7

L 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 solution is covered with a
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Cl ai nms 1. A dye-sensitized photoelectric conversion el enent nodul e
having a plurality of dye-sensitized photoel ectric conversion el enents

el ectrically connected in series with one another, said dye-sensitized
phot oel ectric conversion el ement nodul e being characterized in that:

a plurality of areas on a transparent substrate have transparent
conductive | ayers, respectively; a dye-sensitized sem conductor

| ayer, a porous insulating |layer and a counter electrode are lam nated in
order on said transparent conductive |ayer, thereby structuring the
dye-sensitized photoel ectric Conversion el enent; said counter
electrode is fornmed froma foil nmade of either a netal or an alloy, the
counter el ectasdde having a catal yst |ayer on one surface of said porous

i nsul ating | ayer; sai d transparent conductive |ayer of one

dye- sensi ti ZegmphdtHel ectric conversion el ement, and sai d counter

el ectrode of the other dye-sensitized phatao L.CseQhvarsLan el ement are
el ectrically connéct®§ to &a egtﬁéﬁ“?%%egkﬁgéﬁg%heﬁgtweenethe two dye-

module was manufactured similarly to the case of Example
1 except that a room-temperature cure Ag paste was used
instead of using an anisotropically conductive paéte, and
a surface contacting an electrolysis solution is coverad
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 Iormed by spraying an IPA
solution of a platinic chloriae aimilarly to the case of
Example 1, and upper and lower substrates were jolned to
each other by using a power collection electrodes, made
of an Ag paste, having both ends each covered with a
resin.

{00503

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

radiation of a pseudo-solar light (&M 1.5, 100 md / cm?)
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sensitized photoel ectric conversion elenents adjacent to each other;

at | east said dye-sensitized sem conductor |ayer and said porous
insulating |ayer are inpregnated with an el ectrolyte; and each of
sai d dye-sensitized photoelectric conversion elenents is covered with a
seal ing | ayer. 2. The dye-sensitized photosensitive conversion

el ement nodul e according to claiml1, characterized in that said foil, nade
of either the netal or the alloy contains therein at |east one or nore

ki nds of elenents selected fromthe group consisting of Ti, N, Cr, Fe,

Nb, Ta, W Co and Zr. 3. The dye-sensitized photosensitive
conversion el ement nodul e according to claim?2, characterized in that said
cat al yst | ayerrecontairest t hef et Gnepaas to oA X Bt "kiritS® of el enent s

sel ected fromthe group consisting of Pt, Ru, | nd C . 4. The
dye-sensitizEQFH@ﬁ@Fo%%ﬂﬁﬁeﬁﬁvﬁy%ﬁﬁﬁﬂ§ﬁ§F6ﬁiéﬂ%ﬁﬁﬁieéﬁﬁhﬂ E°REEGTding to claim
3, characterized in that said counter .electrode anj_%%&gigfansparent

conduct i ve | &y8IerEr BOPHiSTed=rd Bt 5EhEt T K SUGh A conduti i ve adhesive
agent, or a |lownelti o] t al ' a&,pel t4 ng point of 300C or
less, or an &Ftdy* e Qes&%tégaf%hggg§g?géngitized phot osensi ti ve
conversion el &?ﬂt nodul e according to claim1l, characterized in that an
ar nori ng natérla made of a material having a gas barrier property is

provi ded on saigh sealing layer

Photoelectric | Mcdule thickness

conversion i1}

afficiency %
Example 1 §.2 1.33
Example 2 8.1 1.30
Example 3 B.4 1.35
Example 4 8.2 1.32
Example 5 7.8 1.30
Example © 7.9 1.29
Example 7 8.2 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 as compared
with the cass of Comparative Example 1.

Moreover, in the dye-sensitized photoelectric
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 W /cm?) at 60°C for
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6. The dye-sensitized photosensitive conversion el enent nodul e according
to claimb5, characterized in that said material having the gas barrier
property is equal to or snaller than 100 (cc/n2/day/atm) in perneation
rate of oxygen, and is equal to or snaller than 100 (g/1T12/day) in
perneation rate of water vapor. 7. The dye-sensitized

phot osensitive conversion el ement nodul e according to claim®,
characterized in that said arnoring naterial is a filmobtained by

| am nating at | east one or nore kinds of materials, each having the gas
barrier property, selected fromthe group consisting of alumnum silica

and al um na. 8. A nethod of manufacturing a dye-sensitized
phot oel ect ri W Wohversi GraPehent aﬁﬁﬁb?%att‘?ﬁ/itﬁathqﬁrﬁr arity of

dye-sensitized photoel ectric conversion.elenents ecLilcal )y connected in
series with ®heé aRdeHer *tsEPY ﬂﬁﬁﬁf88?G?Fﬁg%ﬁg?hégkhgrﬁgﬁ%haracterized by

phot ool ect I ESIER gn BT BREH by LA nar g o e Fesyt zed
excellent in durability.
{0053]

Next, a description will be given with raespect 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 which contains therein iodine, and contains
therein a compound having at least one isocyanate group
(-NCCO), more preferably in which the compound contains
rherein at least one or more nitrogen containing
functional groups within the same molecule in additicen to
the isocyanate group, or which further contains therein a
compound having at least one Or [Wore nitrogsn 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 additicn agents. Although
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transparent conductive |ayer, a dye-sensitized sem conductor |ayer, a
porous insulating |layer, and a counter electrode in order in a plurality
of areas on a transparent substrate, in this case, said counter el ectrode
being forned froma foil nade of either a nmetal or an alloy and having a
catal yst layer on one surface, on a side of said porous insulating | ayer"
and electrically connecting said transparent conductive |ayer of one
dye-sensitized photoel ectric conversion el enent, and said counter

el ectrode of the other dye-sensitized photoelectric conversion elenent to
each other in a portion between the two dye-sensitized photoelectric
conversion elenents adjacent to each ot her; _the process for

i npr egnat i ngttet chepetnds ARUiny eits é3FE i P8 FeRPEDNHITCEF I ayer and said
porous insulating |layer with an el ectrol yte; ttm%égocess for

e; .and .
covering saieprhpetsenhsiunicsdePphsttosPett r Lblt(‘?‘gi\%?%ia n'el efents with a

sealing layer. 9. An electronic apparatus having, a dye-sensitized
photoelectri%“%ﬁﬁ@@r§#5hc8ﬁgﬁ%ﬁ{C%% ﬁf%ﬁésﬁﬁ Ogl%c ron%cgapparatus bei ng

characteri zef, i.n that: . said.dye.sensitized phboloeliect i ciigaRVEsSi on

el ement nmodut B“H&E ??%ﬁ%ﬁareﬁt conductive layers in a plurality of areas,

respeCtiVelythé”%ﬁ%ngrgﬂﬁg%rggﬁpﬁﬂgﬁtEﬁée&mine system compound 1s
préferably compatible with a solvent of an electrolyte,
an electrolyte salt, and other addition agents. The
nitrogen containing functional group is made Lo 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 dve-sensitized
photoelectric conversion element modules. Specifically,
the compound having at lesast one oI more isocyanate
groups, for example, 1is isocyanic phenyl, isocyanic 2-
chloroethyl, isocyanic m-chlorophenyl, isocyanié
cyclohexyl, isocyanic o-tolyl, isocyanic p-tolyl,
isocyanic nmhexyl; 2,4~diisocyanic tolylene, diisccyanic
hexamethylene, 4,4’ -diisocyanic methylenediphenyl or the
1ike. Hoewever, the present invention is by no means
1imited thereto. 1In addition, specifically, the amine
system compound, for example, is 4-tert-butylpyridine,
aniline, N,N-dimethylanilene, N-methylbenz imidazole, or
the like. However, the present invention is by no means

limited thereto.
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sai d dye-senaitized photoelectric conversion elenent is structured by
| am nating a. dye-sensitized sem conductor |ayer, a porous insulating
| ayer, and a counter electrode in order on said transparent conductive

| ayer; said counter electrode is forned froma foil made of either
a netal or an alloy, the counter electrode having a catal yst |ayer on one
surface, on a side of said porous insulating |ayer; sai d

transparent conductive |ayer of one dye-sensitized photoelectric
conversion element, and said counter electrode of the other dye-sensitized
phot oel ectric conversion elenent are electrically connected to each ot her
in a portion between the two dye-sensitized photael ectric .conversion

el ement adj acent tArveaéhtles Heytters other FNapcHiy “CXPA W Sensiti zed

sem conductor |ayer and said porous insulating e L.e;gach inpregnating
with an eIec?ﬁ%ﬂ?Fe?oéﬁﬁteéEHgﬁT‘%?FﬁEH@%E¥%%%P%?%§§e%hO%oeIectric

conversion el ements is covered wiih.2.3EalAQ e ax€rs:raAbStract
embodiment.
[0054]

According to the second embodiment, in addition to
the same advantage as that of the first embodiment, 1t is
possible to obtain an advantage rhat the slectrolyte
layer 7 is made of the electrolyte compound containing
therein the compound having at least one Or mMOIe
isocyanate groups, which results in that both the short
current and the open voltage can be increased, thereby
making it possible to obtain rhe dye-sensitized
photoelectric conversion element module having the very
high photoelectric conversion efficiency.

[0055]
Example &

During the preparation of the electirolyte compound
in Example 1, 0.045 g of sodium iodide (NaI), 1.11 g of
i-propyl-2.3-dimethyl imidazolium iodide, 0.11 g of
jiodine {(I.), and 0.081 g of 4-tert-butyl pyridine was
added to 3 g of propylene carbonate, and 0.071 g (0.2
mol/L) of isocvanic phenyl was dizsolved therein. Any of

other matters is made similar to that in Example 1, and a
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A dye-sensitized sem conductor layer 3, a porous insulating |layer 4 and a
counter electrode 5 are lamnated in order on a transparent conductive

| ayer 2 forned on a transparent substrate 1, thereby structuring a
dye-sensitized photoel ectric conversion el enent. The counter electrode 5
is formed froma foil nmade of either a netal or an alloy having a catal yst
| ayer on a side of one surface of the porous insulating |ayer 4, or froma
foil made of a material having a catalytic ability. The transparent
conductive layer 2 of one dye-sensitized photoel ectric conversion el enent,
and the counter electrode 5 of the other dye-sensitized photoelectric
conversion elenent are electrically connected to each _oth E_in a portion
bet ween t he dwsosdyeisiarsi Pheber FTOEOE| FTTE L eBvET S 6n 8 erfent s adj acent
to each other. The dye-sensitized sem conductor |ayer 3 and the porous

i nsul ati ng |%¥3ferb425% i npregnated with an el ectrol yte. Each of the

dye-sensitized photoel ectric conversion elenents is covered with a sealing
| ayer 7. 130350]

Blthough the embodiments of the present invention,
and Examples have been concretély 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 Exampies described above are merely an
example, and thus numerical valueé, structures, shapes,
materials, raw materials, processes and the like which
are different from those given in the embodiments and

Examples described above may be used as may be necessary.
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Claims

1. A dye-sensitized photoelectric éonversion
element module having a plural%ty“of dye-sensitized
photoelectric conversion elements electrically connected
in series with one another, said dye-sensitized
photoelectric conversion element module being
chafacterized in that:

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

a dye-sensitized semiconductor layer, é porous
insulating layer and a courtér electrode af@“iaminated in
order on said transparent conductive layer, thereby
structuring the dye-sensitized photoelectric éonversion
element;

said counter electrode is formed from a foil made
of either a metal or an alloy, the counter electrode
having a catalyst layer on one surface of said porous
insulating laver;

said transparent conductive layer of one dye-
sensitized photoelectric conversicn element, and said
counter electrode of the other'dye~sensitized:
photoelectric conversion element are electricélly

connected to each other in a portion between the two dye-
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sensitized photoelectric conversion elements adjacent to
each other;

at least said dye-sensitirzed semiconductor layer
and said porous insulating layer are impregnated with an
electrolyte; and

cach of said dye-sensitized photoeléctric
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 therallOy
conta;ns theréin 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 contains therein at least one or
more kinds of elements selected from the group censisting
of Pt, Ru, Ir and C.

4. The dye-sensitized photosensitive conversion
element module according to claim 3, characterized in
-that $aid counter electrode and said transparent
conduétive layer are joined to each other through a
conductive adhesive agent, or a low-melting point metal

having a melting point of 300°C or less, or an alloy.
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5. The dye-sensitized photosensitive conversion
element module according to claim 1, characterized in
that an armoring materi%l made of a material having a gas
barrier property is provided on said sealing layer.

6. The dye-sensitized photosensitive conversion
element module according to claim 5, characterized in
that said material having the gas barrier property is
equal to or smaller than 100 (cc/n@/@gy/atm) in permeation
rate of oxygen, and is-equal to of smailer than 100
(g/m?/day) in permeation rate of water vapor.

7. The dye-sensitized photosens%tive conversion
element module according to claim 6, cﬁéracterized in
that said armoring material is a film ébtained by
laminating at least one or more kinds df 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 modulé having a
plurality of dye-sensitized photoelectric conversion
elements electrically connected in series with one
another, said manufacturing method bei@g characterized by
having:

the process for structuring the dye-sensitized

photoelectric conversion element by laminating a
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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, saild counter
electrode being formed from a foil made of either a metal
or an alloy and having a catalyst layer on one surface,
on a side of said porous insulating layer, , and
electrically connecting saild transparent conductive layer
of one dye-sensitized photoelectric conversion element,
and said counter electrodé of the other dye—éensitized
photoelectric conversion element to each other in a
portion between the two dye;sensitized photoelectric
convéréion 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
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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plurality of areas, respectively, on a transparent
substrate;
| said dye—%enSitized photoelectric conversion

element is structured by laminating a dye-sensitized
semiconductor layer, a porous insulating layer, and é
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, fhe counter electrode
having a‘catalyst layer on one surface, on a side of said
porous insulating layer;

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

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

each of said dye—sensitizéd photoelectric

conversion elements is covered with a sealing layer.
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Abstract

L dye-sensitized semiconductor layer 3, a porous
insulating laver 4 and a counter electrode 5 are
laminated in order on a transparent conductive layer 2
formed on a transparent substrate 1, thereby structuring
a dye-sensitized photoelectric conversion slement. The
counter electrode 5 is formed from a foil made cf either
a metal or an alloy having a catalyst layer on a side of
one surface of the porous insulating layer 4, or from a
foil made of a material having a catalytic ability. The
transparent conductive layer 2 of one dye-sensitized
photeelectric conversion element, and the counter
electrode 5 ¢f the cther &ye—sansitized photoelectric
conversion element.are electrically connected to esach
other in a portion between the Two dye?sensitized
photoelectric conversion elements adjacent to each other.
The dye-sensitized semiconducter layer 3-and the porous
insulating layer 4 are impregnated with an electrolyte.
Tach of the dye-sensitized photoelectric conversion

elements is covered with a sealing layer 7.
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