1 DESCRIPTION DYE-SENSITIZED SOLAR CELL AND A METHOD OF
MANUFACTURING THE SAME Technical Field [0001] The present
invention relates to a dye-sensitized solar cell and a method of
manufacturing the same, and more particularly to a dye-sensitized solar
cell which is suitable for being installed in a place which meets the eyes
of a human being, and a method of manufacturing the same. Background
Art [0002] The solar cell as a photoelectric conversion element for
converting a solar light into an glegtric T emnergy exerts an extremely less
influence on the global environment because it uses the solar light as the
energy source, and thus is expected to be further widely used. 0003]
Heretofore, a crystalline silicon system solar cell using either single
erystalling of poerystaliife CSilicorh dndian/amefpholis SRcOnFSETEMING
solar cell have 2 been mainly used as the solar cell.

THE SAME

Technical Fielid
[0001)]

The present invention relates to a dye-sensitized
solar cell and a method of manufacturing the same, and
more particularly to a dye-sensitized solar cell which is
sultable for being installed in a place which meets the
eyes of a human belng, and a method of manufacturing the
same.

Background Art
[00062]

The solar cell as a photoelectric conversion
element for converting a solar light into an electric
energy exerts an extremely less influence con the global
environment because it uses the solar light as the ensrgy
source, and thus i1s expected to be further widely used.
[0003]

Heretofore, a crystalline silicen system solar cell
using either single crystalline or polycrystalline

silicon, and an amcrphous silicon system solar cell have



0004] On the other hand, a dye-sensitized solar cell which was proposed
in 1991 by Graetzel et al. attracts attention because a high photoelectric
conversion efficiency can be obtained, the dye-sensitized solar cell can
be manufactured at a low cost without requiring a large-scale system in
manufacturing the dye-sensitized solar cell unlike the conventional silicon
system solar cell, and so forth (for example, refer to Non-Patent
Document 1). [0005] A general structure of this dye-sensitized solar cell is
istieh thatia Uyerseasitized perous-semiceaductor layer in which a
sensitizing dye is supported by a porous semiconductor layer made of a
titertiamn oxide or the like and formed on a transparent conductive
substrate, and a counter electrode obtained by forming a platinum layer
or the likeohlaesubistrate arswade toface each otheecars outer cell
peripheral portion of the dye-sensitized porous semiconductor layer and
e ebuiiter efsttiveeds selled” Witha séalaratetial, ahdalspacedefired
between both the electrodes is filled with an electrolyte containing therein
HAn'Ghidatioh-Refiish stell stilih 268t F icdide forsrsion

efficliency can be cbtained, the dye-sensitized solar cell
can be manufactured at a low cost without regulring a
large~scalie system in manufacturing the dye-sensitized
solar cell uniike the conventional =zilicon system solar
cell, and so forth {(for example, refer to Non-Patent
Document 1).

[0005)]

A general structure of this dye-sensitized solar
cell is such that a dye-sensitized porous semiconductor
layer in which a sensitizing dye i1s supported by a porous
semiceonductor layer made of a titanium oxide or the like
and formed con & transparent conductive substrate, and a
counter electrode obtalned by forming a platinum laver or

the

i«.,—l

ike on a substrate are made to face each other, an
cuter peripheral portion of the dye-sensitized porous
semiconductor layer and the counter electrode is sealed
with a seal material, and a space defined betwssn both
the electrodes 1s filled with an electrolyte containing

therein an oxlidation-reduction seed such as lodine or



Prior Art Document Non-Patent Document [0006] Non-Patent Document
1: Nature, 353, p.737 (1991) Summary of Invention Technical Problem
[0007] In the case where the dye-sensitized solar cell is installed in a
place which meets the eye of a human, being, when the dye-sensitized
solar cell is superior in a design prope?ty, the dye-sensitized solar cell is
thought to be desirable because the dye-sensitized solar cell can give a
viewer a good feeling. [0008] However, as far as the inventors of the
preser inyestion know, it has not been proposed that the dye- sensitized
solar cell is given the design property until now from this viewpoint.
1@'008] I thepkightrod the foregoing, a problem to be solved by the
invention is to provide a dye-sensitized solar ce"l"l which can obtain a
ligh- proteetectdic wgorversion efficiency, and which can be manufactured
at a4 low cost and in addition thereto is superior in a design

t000e]

Non-Patent Document 1: Nature, 3532, p.737 (1981)
Summary of Invention
Technical Problem
[0007]

In the case whers the dye-sensitized solar cell is
installied in a place which meets the eye of a human being,
when the dye-sensitized solar cell is supericr in a
design property, the dye-sensitized sclar cell is thought
to be desirable because the dye-sensitized sclar cell can
give a viewer a good feeling.

[6oog]

However, as far as the inventors of the present

invention know, 1t has not been proposed that thes dye-

sensitized solar cell is given the design property until

now from this viewpoint.

In the light of the foregoing, a problem to be
solved by the inventiocn is to provide a dye~sensitized
solar cell which can obtain a high photoelectric

conversion efficiency, and which can be manufactured at a



property and a method of manufacturing the same. Technical Solution
[0010] in order to solve the problem described above, according to the
first invention, there is provided a dye-sensitized solar cell, having: a
transparent conductive substrate; one or multiple porous titanium oxide
layers, on the transparent conductive substrate, made of titanium oxide
fine particles and supporting a sensitizing dye(s); a counter electrode
provided so as to face the one or multiple porous titanium oxide layers;

and anselecirplyte flaygs between the-ane or myltiple Lioreus titaniumesign
oxide layers and the counter electrode, in which the one or multiple
rposeus-titanita oxidestayers are forned so@sito-display aqredetermined
color(s), and compose a predetermined pattern(s) in accordance with
Betectipnof asthickness, a lamination structure, a particle diameter of the
titanium oxide fine particles, or a combination ratio of two or more kinds of
titanitm oxide fine particles when the titanium oxide fine particles are
composed of the two or more kinds of titanium oxide fine particles

different fi'p&riefers tdafmeteirom Dnetarotiier. cescribed above,

according to the first invention, there is provided a
dye-sensitized solar cell, having:

a transparent conductive substrate;

one or multiple porcus titanium oxide layers, on
the transparent conductlive substrate, made of titanium
oxide fine particles and supporting & sensitizing dye(s);

a counter electrode provided sc as te face the cne
cr multiple porous titanium oxide layers; and

an electrolvte layer between the one or multiple
porous titanium oxide layers and the counter electrode,

in which the one or multiple porous titanium oxide
layvers are formed so as to display a predetermined
coler{s), and compose a predetermined patternis) in
accordance with selection of a thickness, a lamination
structure, a particle diameter of The titanium oxide fine
particles, or a combination ratio of two or more kinds of

Titanium oxlide fine particles when the tTitanium oxide

th

ine particles are composed of the two or more kinds of

titanium oxide fine particles different in particlie



[0011] The counter electrode is typically provided on the transparent
conductive substrate. Each of a planar shape of the transparent
conductive substrate having the porous titanium oxide layer(s) provided
thereon, and a planar shape of the transparent conductive substrate
having the counter electrode providedthereon is selected as may be
necessary, and thus is not especially limited. Giving a concrete example,
a square, a rectangle, a triangle, a circle, and an ellipse or the like can be

Selected as rsuch aplanas spape.. Those transparent conductive

substrates are disposed so as to be shifted from each other, and an outer
pediphéral portion of a region held between those transparent conductive
substrates is sealed with a seal material. Each of those transparent
conductiVé substrates is typically composedsof ec slibstratecobtainéddy the
providing a transparent conductive layer on an insulating transparent
Subsater and Pertions of tie taksparentecondactiveddyersidcated irshape
the outer peripheral portions of those transparent conductive substrates
@hd'Sealed #itAkRE SBal matstt tardFemoved PA power Colldctitplayer o us
made of a metal having a smaller resistance may be provided on each of

3

6 e trifis rare AEcaritlictivé layers Tocatéd biifsidethe anc & planar

shape of the transparent conductive substrate having the
counter electrode provided therscon is selected as may be
necessary, and thus is not especially limited. Giving a
concrete example, a sguare, a rectangle, a triangle, a
circle, and an ellipse or the like can be selected as
such a plilanar shape. Those transparent conductive
substrates are disposed so0 as to be shifted from each
other, and an outer peripheral portion of a region held
between those transparent conductive substrates is sealed
with a seal material. Each of those transparent
conductive substrates is typically composed of a
substrate obtained by providing a transparent conductive
layer on an insulating transparent substrate, and
portions of the transparent conductive layers located in
the cuter peripheral porticns of those transparent
conductive substrates and sealed with the seal material
are remcved. A power collecting laver made of a meta

having a smaller resistance may be provided on sach of



seal material. The extraction of terminals of the dye- sensitized solar cell
can be carried out by connecting wirings either to the transparent
conductive layers exposed to the outside or to the power collecting layers
each made of the metal having the Iov%er resistance. In addition, when a
plurality of dye-sensitized solar cells are connected in series with one
another in order to assemble a dye-sensitized solar cell module, these
dye- sensitized solar cells can be connected in series with one another

through:the power colleeting-tayees each-made cefthedneiat baviag the
lower resistance. [0012; As described above, the one or multiple porous
sitaiiumeaxide tayersare fermed: so asrto disptayrthen piedetérmineddye -
color(s), and compose the predetermined pattern(s) in accordance with
e selecten of the: thickhAess; e famination sttuctare the particte t ing
diameter of the titanium oxide fine particles, or the combination ratio of
Yhe a6 Br fioTB Kind<Cof taniuht 'oXide-fifid paricleswher thextitanium
oxide fine particles are composed of the two or more kinds of titanium
VXISt partieles diférenth partice disméter fronténe anbiHer. Hapmers
the predetermined tﬁgttern(%és(are) determined in accordance with a

Shapel’j OF apatteri(s] of the pérotsditantamisige resistance. In

addition, when a plurality of dye-sensitized solar cells
are connected in series with one ancther in order to
assemble a dye-sensitized solar cell module, these dye-
sensitized solar cells can be connected in series with
one another through the power collecting lavers each made
of the metal having the lower resistance.

(0012}

As described above, the one or multiple porous
titanium oxide layers are formed so as to display the
predetermined color(s), and compose the predetermined
rattern(s) in accordance with the selecticn of the
thickness, the lamination structure, the particle
diemeter of the titanium oxide fine particles, or the
compination ratic of the two or more kinds of fitanium
oxide fine particles when the titanium oxide fine
particles are composed of the two or more kinds of
titanium oxide fine particles different in particle

diameter from one another. Here, the predetermined



layer(s), and deposition(s) of the porous titanium oxide layer(s) on the
transparent conductive substrate. On the other hand, the color(s) which
the porous titanium oxide layer(s) shows(show) is(are) determined in
accordance with the selection of the garameters described above. The
reason for this is because wavelengths, absorption intensities or
scattering intensities of a light, of solar lights made incident to the porous
titanium oxide layer(s), which is absorbed by the porous titanium oxide

Jayerés)-and a lightz of solak lights:made incident e theporqus titanium
oxide layer(s), which is scattered by the porous titanium oxide layer(s)
ghange depending-en tthe pasrameters deseribed.abave: 40013; With de
regard to the particle diameter of the titanium oxide fine particles, in
generdlzan averagespagicte diameter df ah erigimad particle isrpreferablyde
in the range of 1 to 200 nm, and is especially, preferably in the range of 5
16 190 . Ipradditory, the stitakieint oxidedinetparticleshabingtthis ©On the
average particle diameter are mixed with titanium oxide fine particles
Helving &t averagecpatficledidmetdriafyer #arbs thisaverage pafticte 1de
diameter, and the incident light is scattered by the titanium oxide fine

%ﬁ#ﬁﬁé§ha§ma%ﬁé5how) 1s({are) determinaed in accordance

with the selectiocn of the parameters described above. The
reason for this 1s because wavelengths, absocrption
intensities or scattering intensities of a iight, of
gaolar lights made incident to the porous titanium oxide
laver(s), which is absorbed by the porous titanium oxide
laver (s} and a light, of solar lignts made incident to
the porous titanium oxide layer(s), which is scattered by
the porcous titanium oxide laver(s) change depending on
the parameters described abkove,

[6013]

With regard to the particle diameter of the
titanium oxide fine particles, in general, an average
particle diameter of an origingl particle is preferably
in the range of 1 to 200 nm, and is especially,
preferably in the range of 5 to 100 nm. In addition, the
titanium oxide fine particles having this averags
particle diameter are mixed with titanium oxide fine

particles having an average particle diameter larger than



larger average particle diameter, thereby making it possible to increase a
quantum yield. In this case, the average particle diameter of the titanium
oxide fine particles especially mixed is preferably in the range of 20 to
500 nm. An anatase type crystalline titanium oxide is preferably used as a
material for the titanium oxide fine particle from a viewpoint of
photocatalytic activity. ;0014" The one or multiple porous titanium oxide
layers described above typically have a thickness which is n (n is an

imtegral winaber egual to-orlargentban ) times as,dargg@s@nt light is
predetermined reference thickness, and n is selected as may be

fnecessartyd The poreus:titanivimroxide dayersiypigally-have-a layer haying.
the same predetermined reference thickness in common with one

‘anothrer, and when theporous titindumoxide layjersshavera damination
structure, this layer is located in the lowermost layer. By adopting such a
BHERiUTe Stheporoas stitamium axide Jayers tahdhe easilytfoimeddns, the
carrying out screen printing or the like so as to display the desired colors,
HEEFEReRA 001519 ARBEFS the AboveE [ayeE having the samefine
predetermined reference thickness, for example, is a

particles especially mixed is preferably in the range of
20 to 500 nm. An anatase type crystalline titanium oxide
is preferably used as a material for the titanium oxide
fine particle from a viewpolnt of photocatalytic activity.
[0014)

The one or multiple porous titanium oxide layers
described above typically have a thickness which is nn (n
is an integral number equal to or larger than 1) times as
large as a predetermined reference thickness, and n is
selected as may be necessary. The porous titanium oxide
layers typically have a layer having the same
predetermined reference thickness in commen with one
another, and when the porous titanium oxide layers have a
leamination structure, this laver is located in the
lowermost layer. By adopting such a structure, the porous
titanium oxide layers can be easily formed by carrying
out screen printing or the like so as to display the

desired colors, respectively.

[0015]



porous titanium oxide layer having a thickness of 3 pm and made of
titanium oxide fine particles having a particle diameter of about 20 nm,
the present invention is by no means limited thereto. As an example, the
one or multiple porous titanium oxide'éayers include at least one selected
from the group composed of a first porous titanium oxide layer having a
thickness of 3 pm and made of titanium oxide fine particles having a
particle diameter of about 20 nm, a second porous titanium oxide layer

having arthickpess ot 6. pm: and enads,ef titanivm, oxide-fine particles
having a particle diameter of about 20.nm, a third porous titanium oxide
dayelccompasestofra poreus titanium loxideslayerchavingadhickness af 3
}m and made of titanium oxide fine particles having a particle diameter of
rabout 20Tim anduanporous ditdmyrr oxigellayeroverlyingthesparous um
titanium oxide layer, having a thickness of 3 pm and made of titanium
Pxidafine paiticlds-having aparticle disrmerer 0f aboet406G iAT, cardd a
fourth porous titanium oxide layer composed of a porous titanium oxide
Rayertaving'a Iiekidss ot Fprifand atie of tftaniBFFEae fing Hfticles
having a particle diameter of about 20 nm, and a porous titanium 10
BXide'layer Bériying the pérous titamtiy oxide I18fer™ Haling a thitRnéds® ©F

of 6 pm, made of titanium oxide fine : .
muiéﬁple porous %%taﬁgum oxide layers include at least

one selected from the group composed of a first porous
titanium oxide layer having a thickness of 3 um and made
of titanium oxide fine particles having a particile
diameter of about 20 nm, a second porous titanium oxide
layer having a thickness of & um and made of titanium
oxide fine particles having a particle diameter of about
20 nm, a third porous titanium oxide laver composed of a
porous titanium oxide layer having & thickness of 3 um
and made of tTitanium oxide fine particles having a
particle diameter of about 20 nm and & porous titanium
cxide layer overlying the porous titanium oxide laver,
having a thickness of 3 um and made of titanium oxide
Tine particles having a particle diameter of about 400 nm,
and & fourth porous titanium oxide layer composesd of a
porous titanium oxide layer nhaving a thickness of 3 um
and made of titarnium oxide fine particles having a

particle diameter of about 20 nm, and a porous titanium



particles having a particle diameter of about 20 nm and titanium oxide

fine particles having a particle diameter of about 400 nm, and containing
therein 20 wt% titanium oxide fine particles having the particle diameter of
about 400 nm. [0016) When the transparent conductive substrate having
either the porous titanium oxide Iayersglor the counter electrode provided
thereon is composed of a substrate obtained by providing a transparent
conductive layer on an insulating transparent substrate, a material for the
deansparentssubstrate ig iaspecially by no.means dimited, @nddbus yaeeys
base materials can be used as long as each of them is transparent. A
maaterial whichiis kexcellenttindoarnier property against themmaoistiuresorrthes
gas which penetrates from the outside into the dye- sensitized solar cell,
solveht tesistanteweatheting Hresistaicasndithe ikelis prefefablenag nd
the material for the transparent substrate. Specifically, there are given a
transhareht rdrganicistibstrate mateof @ gddrz, 2a sapphife, @ §lassdrer
the like, and a transparent plastic substrate made of polyethylene

terephtiatate’ 11 Polyéiiylere iaphthaiate: %ﬁ%ﬁ?b&r@at@ Cpolysthrene
éﬁ@ﬁﬁh%ﬁgg’%@%@f@%?@ehggyﬁge@ﬂgng§¥g§§1e diameter of
about 400 nm.

[0016]

When the transparent conductive substrate having
either the porous tTitanium cxide layer(s; or the counter
electrode provided thereon is composed of a substrate
obtained by providing a transparent conductive layer on
an insulating transparent substrate, a material for the
transparent substrate is especially by no means limited,
and thus varicus base materials can be used as long as
each of them is transparent. A material which is
excellent in barrler property against the mcisture or the
gas which penetrates from the outside into the dye-
gensitized sclar cell, solvent regsistance, weathering
resistance, and the like 1s preferable as the material
for the transparent substrate. Specifically, there are
given & transparent inorganic substrate made of a quartz,

a sapphire, a glass

O
[

the like, and a transparent

plastic substrate made of polyethylene terephthalate,



polyvinylidene fluoride, tetraacetylcellulose, brominatedphenoxy, an
aramid class, a polyimide class, a polystyrene class, a polyarylate class,
a polysulfone class, a polyolefin class, or the like. Although of them, the
substrate having a high transmittance, in a visible light range is especially,
preferably used, the present mventlon is by no means limited thereto. In
addition, a thickness of the transparent substrate is not especially limited,
and thus can be freely selected depending on the transmittance of the

dight; dhe bagier prepery betvesn the inside-and the outsidesefthene,
dye-sensitized solar cell, and the like. [00171 A surface resistance (sheet
pesigtance) ofithe trahgparent tendyctivelspbstratel ispreferalileds, the
surface resistance thereof is set as being lower. Specifically, the surface
wesistahee of the trahsparent ccondactive: layer ispreterablysequal to or
lower than 500 Q/E, and is more preferably equal to or lower than 100
TIE e e R ansparent'coritiielive Taye? s formed of- tHé rafisparent 2
substrate, the conventionally known material can be used as a material
H6i 18 AR EHAEE coRdBCNVEIAYer Specifically, Althotgh Therecire

glven an indium-tin composite oxide (ITO% quorlne doped Sn02
lass, a polycelefin class, Although of them,

the substrate having a high transmittance in a visible
iight range ig especially, preferably used, the present
invention is by no means limited thereto. In addition, a
thickness of the transparent substrate is not sspecially
itimited, and thus can be freely selected depending on the
transmittance of the light, the barrier propsasrty between
the Inside and the ocutside of the dye-sensitized solar
cell, and the like.

[C017]

A surface resistance {(sheet resistance) of the
transparent conductive substrate is preferable as the
surface resistance Therecf 13 set as being lower.
Specifically, the surface resistance cf the transparent
conductive layer is preferably eqgual to or lower than 500
Q/0, and is more preferably egual to or lower than 100
Q/0. When the transparent conductive laver is formed on
the transparent substrate, the conventionally known

material can be used as a material for the transparent



(FTO), antimony-doped Sn02 (ATO), SnO2, ZnO, indium-zinc composite
oxide (1Z0O), and the like, the present invention is by no means limited
thereto. Also, a material obtained by combining two or more kinds of
materials described above with one angther can also be used. [0018]
Although there is especially no limit to'a method of forming the porous
titanium oxide layer made of the titanium oxide fine particles, a wet film
forming method is preferable when the physicality, the convenience, the
dnanufacture costyand thedikeiare dakenyinte: consideration Alseng given
method is preferable in which a paste obtained by uniformly dispersing
FPpowders onatso’ afditanisitexide fide particles infd acsolvent suckassno;
water or an organic solvent is prepared and is then applied onto a
tidngparent condoctiveosrstiaté - THErECs , especiallyz nd limittdaimethod:
for the application, and thus the application can be carried out in
Herbrahed With ¥e khdWhmethad=F6r éxdifiplet fife BppIRatidn can be
carried out in accordance with a dip method, a spray method, a wire-bar
TERBA &8 pitecat méethBa2a Folfer™st 2Bat-me ’a bfatitoat

method, or agravure coat method. In addition, the application can also be

%gﬁﬁﬁﬁa tazined by combining two or more Kinds of
materials described above with one ancther can alsc be
used.

[0018]

Although there is especially no limit to a method
of forming The porous titanium oxide layer made of the
titanium oxide fine particles, a wet film forming method
is preferable when the physicality, the convenlience, tThs
manufacture cost, and the like?are taken into
consideration. Alsc, a method i1s preferable in which a
paste obtained by uniformly dispersing powders or a sol
of titanium oxide fine particles into a sclvent such as
water or an organic solvent i1s prepared and is then
applied conto a transparent conductive substrate. There 1s
especially noe limit Lo a method for the application, and
thus the application can be carried out in accordance
with tThe known method. For example, the application can
be carried ouf in accordance with a dip method, a spray

method, a wire~kar method, a spin coat method, a rollier



out in accordance with a wet printing method. Here, the wet printing
method is typified by various kinds of methods such as anastatic printing,
offset, gravure, intaglio printing, rubber plate printing, and screen

printing. The anatase type titanium oxJ%e may be commercially available
powder, so] or slurry. Or, the anatase type titanium oxide having a
predetermined particle diameter may also be made by utilizing a known
method of, for example, hydrolyzing a titanium oxide alkoxide. When the
commerciallyvailablespewder-is usedhdhe secondary aggregation:is
preferably resolved. Also, in a phase of preparation of the application
niguid; the partielesiaré preferably aispersed by usingra mostarba badlmille d
a ultrasonic dispersion device or the like. At this time, in order to prevent
thé particles rasoivect froht thessecondani aggregation froth aggesgatinghe
again, is possible to add acetylacetone, a hydrochloric acid, a nitric acid,
Esurfactantidyentcd chelate agemtidrithe ke, padausn l<1‘2£~)“flfﬁ’ﬁcl@n|ng,

it is possible to add various kinds of thickening agents such as a polymer
TRoBEGIE stithrasipolfehyiche oxide oF polydinyPalesRdl: aheFd Eéffulose

system thlckenln% agent 14 10019 The porous titanium oxide layer
&g}f%ﬁéprlﬂ ber plate printing, and screen

printing. The anatase type titanium oxide may be
commercially available powder, sol or slurry. Or, the
anatase type titanlum oxide having a predetermined
particle diameter may alsc be made by utilizing a known
method of, for example, hydrolyzing a titanium oxide
alkoxide. When the commerciaily availlable powder i1s used,
the secondary aggregation 1ls preferably resolved. Also,
in a phase of preparation cof the application liguid, the
particles are preferably dispeised by using a mortar, a
ball mill, a ultrasonic dispersion device or the like. At
this time, 1in order to prevent the particles resclvad
from the seccondary aggregation from aggregating again, it
is possible to add acetylacetone, a hydrochloric acid, a
nitric acia, a surfactant agent, a chelate agent or the
like. In addition, for thickening, it is possible to add
various kinds of thickening agents such as a polymer
melecule such as polyethyvlene oxide or polyvinyl alcohol,

and a cellulose system Thickening agent.



titanium oxide fine particles is preferably large in surface area thereof so
as to be able to adsorb many sensitizing dyes. For this reason, a surface
area in a state of forming the porous titanium oxide layer on the
transparent conductive substrate is prle:erably 10 or more times as large
as that of a projected area, and is more preferably 100 or more times as
large as that of the projected area. Although there is especially no limit to
an upper limit of the surface area, the surface area is normally about
15000 times as large as that of the projected area. In general, a rate of
capturing a light becomes high because an amount of dyes supported per
unit projecteccareasincreases as:the thicknedssyof thenparoust titantum
oxide layer further increases. However, a loss due to a recombination of
thé ®lectric charges injectedk alsoc-tinereases betause adiffusigr distance
of each of the electrons injected increases. Therefore, although a
Preferrs thickness expes’indthePpordds Baniim oxide fierthelpratérred
thickness is generally in the range of 0.1 to 100 pm, is more preferably
Ejual to-orSafier= than 50%pmfof ek&mplalin theP NGRSt 1266750 pm, @
and is especially, prefgrably in the range of 3 to 30 pm. F(ir 15 example,
St18 Preferabie tHat sher @ pasts aving the  titahim bRide e p&rticles®
é¥§§¥gg%g§¥egggductive substrate 1s preferably 10 or more
times z=s large as that of a projected area, and is more
nreferably 100 or more tTimes as large as that of the
projected area. Although there is especially no limit to
an upper limit of the surface area, the surface area is
normally about 1,000 times as large as that of the
projected area. In general, a rate of capturing a light
becomes high bscauss an amount of dves supported per unit
projected area incresases as the thickness of the porous
titaenium oxide laver further increasss. However, a loss
dus to a recombination of the eslectric charges injected
also increases because a diffusion distance of each of
the electrons injected increases. Therefore, although a
preferred thickness exists in the porous titanium oxide
layer, the preferred thickness 1s generally in the range
of C.1 teo 100 pm, is merese preferably egual to or smaller

than 50 um, for example, 1in the range cf 1 to 50 um, and

is especially, preferably in the range of 3 tc 30 um. For



applied onto the transparent conductive substrate, burning is carried out
for the purpose of causing the titanium oxide fine particles to electrically
contact each other, or enhancing a strength of the porous titanium oxide
layer, and enhancing adhesive to theji;aransparent conductive substrate.
Although there is especially no limit' to"the range of a burning
temperature, the burning temperature is normally in the range of 450 to
700C, and is more preferably in the range of 450 to 650C because when
dheburring temperaturesis made to Hise te@ much; aggsistanceaitheche
transparent conductive substrate increases, and the transparent
conductive substateimay bermelt. sadditigre althdugh theréds i s
especially no limit to a burning time, the burning time is normally in the
Fapgde ef abottol 0 hinutes 1o aboet 10 dwours.cFarthe purpossof ,
increasing a surface area of the porous titanium oxide layer, and
ErRahtingirfeckingr betiveer tHetiitahiuin BRidedite perticles aited tha:e
burning, for example, there may be carried out chemical plating using a
titarfitm @traghloride sofutioh” a* Redking fredtriéntiisiiy aXitamtin C t
trichloride solution, a dip treatment for the titanium oxide superfine

AMTCIE 18° Sol Havirg & digmBter df 1B Br fesit of fHe Fke” Whien a

Plastic.sybstrate is used as a sugpoiting body oLl cive to the

transparent conductive substrate. Although there is
especiaily no limit tTo the range of a burning temperature,
the burning temperature 1s normally in the range of 450
to 700°C, and is more preferably in the range of 450 to
650°C because when the burning temperature is made to
rise too much, a resistance of the transparent conductive
substrate lncreases, and the transparent conductive
substrate may be melt. In addition, although there is
especially nc limit to a burning time, the burning time
is neormally in the range of about 10 minutes to about 10
hours. For the purpose of increasing a surface arsa of
the porous titanium oxide layer, and enhancing necking
between the titanium oxide fine particles after the
burning, for example, there may be carried out chemical
plating using a titanium tetrachloride sclution, a
necking treatment using a titanium trichloride sclution,

a dip treatment for the titanium oxide superfine particle



transparent conductive substrate, it is also possible that a paste
containing therein a binder is applied to the transparent conductive
substrate, and is then pressure-bonded to the transparent conductive
substrate through hot press. 0020] The sensitizing dye supported by the
porous titanium oxide layer is not especially limited as long as it exhibits
a sensitizing operation. However, the sensitizing dye having an acid
functional group adsorbed to the porous titanium oxide layer is preferable.
SSpecificallythe sensitizing-dyes havingra earboxy: groupr ot asphiosphoricihen
acid group is preferable. Of them, the sensitizing dye having the carboxy
gyroup & preferdbie. r&hing. exampltessef the sensitizingrdy ey fahvexamplehe
there is given a xanthene system dye such as Rhodamine B, rose bengal,
eosirFBESRARrocHT Glcyanire systermdyes suett as ferbeyamnesible
uinocyanine or cryptcyanine, a basic dye such as phenosafranine, Cabri
8é, thidchs bF MethyfehelBitie-6Fa porplyrit Syt confpounesuch”
as chlorophyll, zinc porphyrin, or magnesium porphyrin. With regard to
totRerdyes Rigra Hre ‘g‘i&?é#léfﬁ 276 dye°8 147 - Bhthalbtyafine &mpound,
pg%%%l%%%%?— cﬁéﬁégggr%r%@%%nd’tar Dipppridine complex ComRUndi Al - ate

through hot press.
[0020]

The sensitizing dyve supported by the porous
titanium oxide layer i1s not especially limited as long as
it exhibits a sensitizing operation. However, the
sensitizing dye having an acid functional group adsorbed
Lo the porous titanium oxide lever is preferable.
Specifically, the sensitizing dye having a carboxy group
or & phosphoric acid group is preferable. 0f them, the
sensitizing dye having the carboxy group is preferable.
Giving examples of fthe sensitizing dye, for example,
there is given a xanthene system dye such as Rhodamine B,
rose bengal, eosin or erythrocin, a c¢yanine system dye
such as merocyanine, guinocvyvanine or cryptcyvanine, a
rtasic dve such as phencsafranine, Cabri Blue, thiocin or
Methylene Blue, cor a porphyrin system compound such as
chlorophyll, zinc porphyrin, or magnesium porphyrin. With

regard to other dyes, there are given an azo dye, a



a polycyclic quinone system dye, and the like. Of them, the dye which has
a ligand containing therein a pyridine ring or an imidazolium ring, and
which is made of at least one kind of metal complex selected from the
group consisting of Ru, Os, Ir, Pt, Ca, Fe, and Cu is preferable because

it has a high quantum yield. In particular, a dye molecule having a cis-bis
(isothiocyanate)-N, N-bis (2,2'-dipyridyl-4,4'- dicarboxylic acid)-ruthenium
(1) or Iris (isothiocyanate)-ruthenium (l1)-2,2": 6',2"-terpyridine-

hd' T4 tricathoxylic acighasabasis skeletan is) preferable begause it has a
wide adsorption wavelength band. However, the sensitizing dye is by no
Imeanst limited cthverdte xand thus.twd, ozmoserkinds @f Sensitizing dyes dve,
described above may be mixed with one another. ,0021 A method of
adsothing the sensifizing edye 16 tiea pbireus dtahivmoxidedayer (T nétem,
especially limited. However, the sensitizing dyes described above can be
‘ehissolet e 86lveREsiichiasl ak Alcohol elasdla nitiflecclass: pyridine
nitromethane, hydrocarbon halide, an ether class, dimethyl sulfoxide, an
amide tTass? NFT8 Shéthyipiffrolidbre, f,%‘?dihﬁ%ﬂﬁﬁnﬁ&a?&%d?%, 3t

methyloxazolidinone, an ester class, a carbonate class, a
laas¥ one kind ofimetal comp%ex gelected from the group

conslisting of Ru, Os, Izx, Pt, Co, Fe, and Cu is
preferable because it has a high guantum yield. In
particular, a dye molecule having a cis-bis
(Lsothiocyanate)-N, N-bils (2,2’ -dipyridyl-4,4’~
dicarboxvlic acid)-ruthenium {(II) or Tris
{(isothiocyanate)~ruthenium (II)~2,27: &' ,2"~terpyridine-
4,47, 4"-tricarboxyliic acid as a basic skeleton is
preferable because 1t has a wide adsorption wavelength
band. However, the sensitizing dye 1s by no means limited
thereto, and thus two or more kinds ¢f sensitizing dyes
described above may be mixed with one another.
100217

A method of adsorbing the sensitizing dye to the
porous titanium oxilide laver is not especially limited.
However, The sensitizing dyes described above can be
digsolved in a solvent such as an alcohol class, a
nitryle class, nitromethane, hydrocarbon halide, an ether

class, dimethyl sulfoxide, an amide class, N-



ketone class, hydrocarbon, and water. Also, the porous titanium oxide
layer ca be immersed in the solvent described above, or the dye solution
can be applied onto the porous titanium oxide layer. In addition, a
deoxycholic acid or the like may be added for the purpose of reducing
association between the sensitizing dye molecules. In addition, an
ultraviolet absorbing agent can be used in combination as may be
necessary. ;0022] After the sensitizing dye is adsorbed, a surface o the
rROreuS Htani Oxide=layer, may he-progessediby tSing: apamine €lass

for the purpose of promoting the removal of the excessively adsorbed
rsenkitizimgecyel Pyridine: A- sert-bat eudpyridine; polyviryipyridine orfleslike a
IS given as an example of the amine class. When such an amine class is
leeliouid, ithayshe Dgett as itiscormay cherdissolvedin s organicsolver
to be used. [0023] In addition to a combination of iodine (12) and a metal
jodide orancotyanicliediae, 62& cobifationssidbicmine{BED) afftha

metal bromide or an organic bromide, a _metal complex such as a

F&rPocyariic aidcls chivridelferityanit acid thforidaRoPe appLied onto

ferrocene/ferricinium ion, a sulfur cgmpound such as_ . .
the porous titanaium oxide layer. In additicn, a

deoxycholic acid cor the like may be added for the purpose
of reducing association between the sensitizing dye
molecules, In addition, an ultraviclet absorbing agent
can ke used 1in combination as may bhe necessary.
100221

After the sensitizing dve 1s adsorbed, a surface of
the porous titanium oxide lavyer mayv be processed by using
an amine class for the purpose of promoting the removal
of the excessively adsorbed sensitizing dye. Pyridine, 4-
tert-butylpyridine, polyvinylpyridine or the like is
given as an example of the amine class. When such an
amine class 1s a liguid, it may be used as it 1is, or may
be dissolved in an organic zolvent to be used.
o023

In addition to a combination of iodine (I, and a
metal iodide or an organic lodide, or & combination of
bromine (Bry) and a metal bromide or an organic bromide, a

metal complex such as a ferrocyanic acid



sodium polysulfide, or alkyl thiol/alkyl disulfide, or a viologen dye,
hydroquinone/quinone, or the like can be used as the electrolyte. Li, Na,
K, Mg, Ca, is or the like is preferable as a cation of the metal compound
described above, and a quaternary amgonium compound such as a
tetraalkyl ammonium class, a pyridinium class or an imidazolium class is
preferable as a cation of the organic compound described above.
However, the present invention is by no means limited thereto. In
aduitiond a/ materialobtained byamixing-tnaier, mere kinds of materials
described above can also be used. Of them, the electrolyte obtained by
Tembiniag <12 endiliil Nalror thel quatemafuamoioniymrcd nepouindzsuch
as imidazoliumiodide with each other is preferable. A concentration of an
ehsctrolyte shitds preféeably in thelvahge 'of 0.05t0k10 M iona Solvent, 4s 2
more preferably in the range of 0.05 to 5 M for the solvent, and is further
Wé%@%raﬁ@rinh%f@ﬁﬁé%@O?Z@U&]N/be@ thésotvéntiAke can be
concentration of 12 or Br2 is preferably in the range of 0.0005 to 1 M, is
TGS GréferablySinIhe Fahge60.00% 1065 Maritfis fuither fndte 1e
1ta:)lrt?afera:bly in th Lar‘g]z of 0.001 to 0.3 M. in addition, varjous kinds 05
ddition aderits SGEH a8 420 TeftbutyiPyfidine oF a'berzmidazsii
Slassmay be.added forthe pupose.of enhancing.an open yoltage of the..,
as a Tetraalkyl ammconium class, a pyridinium class or an
imidazelium class is preferable as a cation of the
organic compound described above. However, the present
inventicn is by no means limited theretc. In addition, a
material chtained by mixing two or more kinds of
materials described above can aiso be used. Of them, the
electrolyte chtained by combining T, and LiTl, Nal or the
gquaternary ammenium compound such as imidazoliumiodide
with each other is preferable. A concentration ¢f an
electrolyte salt is preferably in the range of 0.0% to 10
M for a solvent, 1s more preferably in the range of 0.05
te 5 M for the solvent, and is further more preferably in
the range of 0.2 to 3 M for the solvent. A concentration
of I, or Bz, is preferably in the range of 0.0005 to 1 M,
is more preferably in the range of 0.001 to 0.5 M, and is

further mere preferably in the range of 0.001 to 0.3 M.

In addition, various kinds of addition agents such as 4-



dye-sensitized solar cell. [0024] Water, an alcohol class, an eter class, an
ester class, a carbonate class, a lactone class, a carboxylate class, a
triester phosphate class, a heterocyclic compound class, a nitryl class, a
keton class, an amide class, nitrometﬂ?ne, hydrocarbon halide, dimethyl
sulfoxide, sulfolane, N-methylpyrrolidone, 1,3-dimethyl imidazolidinone,
3-methyloxazolidinone, hydrocarbon, or the like is given as the solvent
composing the electrolyte composition described above. However, the
fpresentinventionig bysno-means dmited thereto,;ang dhussa materiak
obtained by mixing two or more kinds of materials described above can
alst:=be fised tMoreavercar: ot liguid=of @i tetraalkybgystemo afysidinidmche
system, or an imidazolium system quaternary ammonium salt can also
drecusethas thezsolvent. 6025=Rdr-the purpose of reducing liquid leakage
of the dye-sensitized solar cell, and volatilization of the electrolyte of the
dyeZehsitized solar cell, a gelatinizing agent, polymer, cross-linked
monomer, or the 21 like can be dissolved in the electrolyte composition
describel| &bdvVe, dfid -addifion Heréfo, ifdiganier class, an ester

class, a carbonate class, a lactone class, a carboxylate
class, a triester phosphate class, a heterocyclic
compound class, & nitrvl class, a keton class, an amide
class, nitromethane, hydrocarbon halide, dimethvyl
sulfoxide, sulfclane, N-methylpyrrolidons, 1,3~dimethyl
imidazolidinone, 3-methyloxazcolidinone, hydrocarbon, or
the like 1s given as the solvent composing the
electrolyte composition described above. However, the
present invention 1s by no means limited thereto, and
thus a material obtained by mixing two or more kinds of
materials described above can also be used. Moreover, an
ion liguid of a tetraalkyl system, a pyridinium system,
or an imidazolium system guaternary ammconium salt can
also be used as the solvent.
[0025]

‘For the purpose of reducing liguid leakage of the
dye-sensitized solar cell, and volatilization of the
electrolyte of the dye-sensitized solar cell, =z

gelatinizing agent, polymer, cross-linked monomay, or the



ceramic particles can be dispersed into the electrolyte composition. Thus,
the resulting material can also be used as a gel-like electrolyte. With
regard to a ratio between a gel matrix and the electrolyte composition,
when an amount of electrolyte compozsjtion is much, an ion conductivity
increases, but a mechanical strength decreases. Conversely, when the
amount of electrolyte composition is too less, the mechanical strength is
large, but the ion conductivity decreases. Therefore, the electrolyte

lconpasition:is desyablyindhe tange: ok50 ta 99 wite-ot-thegeldikeon
electrolyte, and is more preferably in the range of 80 to 97 wt%. In
dxelditiori; ¢he lecteglyterdescribed dibove andraeplastiGizeharechothc
dissolved in a polymer, and the plasticizer is volatilized to be removed,
therehymaking italse possillle to realize setotalnsolid-typeslye-sersitized
solar cel-'l. [00261 An arbitrary substance can be used for the counter
estrotetdsfong a8 itis adonduetve sabstaiés cHonever artihsalafifig
substance can also be used for the counter electrode as long as a ‘
‘toRduétiveicalytic layer22 is- irstafled on & side fatdig the porousat1©

titanium oxide layer. However, a material which is electrochemically
between a gel matrix and the electrolyte composition,

when an amount of electrolyte composition is much, an ion
conductivity increases, but a mechanical strength
decreases. Ccnversely, when the amount of electrolyte
compesition is too less, the mechanical strength is large,
but the ilon conductivity decreases. Therefore, the
electrolyte composition is desirably in the range of 50
to 99 wt% of the gel-like electroivte, and is more
preferably in the range of 80 to 97 wt%. In additicn, the
electrolyte described above and & plasticizer are both
dissclved in a polymer, and the plasticizer is
volatilized to be removed, thereby making it also
possible to realize a total scolid type dye-sensitized
solar cell.
[00z26]

An arbitrary substance can be used for the counter
electrode as long as 1t 1s a cenductive substance.
However, an insulating substance can also be used for the

counter electrode as long as a conductive catalytic laver



stable is preferably used as the material for the counter electrode.
Specifically, platinum, gold, carbon, a conductive polymer or the like is
desirably used. In addition, for the purpose of enhancing the catalyst
effect for the oxidation-reduction, pref§ ably, the side facing the porous
titanium oxide layer has a fine structuré so as to increase the surface
area. For example, it is desirable that in the case of platinum, a platinum
black state is obtained, and in the case of carbon, the porous state is

obtainedzThe platinum blagk state can be,dormad by an anode gxidation:
method for platinum, reduction processing for a platinum compound, or
thedike. Alseccarbon in thecpaross statecanshe tormeddnyea spethad such
as sintering of carbon fine particles, burning of an organic polymer, or the
dikeblheaddition; =g emetall such@s platinum hawingra highfoxidatien-counter
reduction catalytic effect is wired on a transparent conductive substrate,

Dk ¢edUctivh- provessingofal platintihd Eompound 4s- Carriedderfor @

surface of the transparent conductive substrate, whereby the resulting
tridparent toRddcivRIsibstiate can be usedisthes fralispa@ent colitter

electrode. 23 0027; Although a method of manufacturing the dye-
addition, for the purpese of enhancing the catalyst

effect for the oxidation-reduction, preferably, the side
facing the porous titanium oxide layer has a fine
structure so as to increase the surface area. For example,
it is desirable that in the case of platinum, a platinum
biack state is obtained, and in the case of carbon, the
porous state is obtained. The platinum black state can be
formed by an anode oxldation method for platinum,

reductlon processing for a platinum compound, or the like.
Also, carbon in the porous state can be formed by &

method such as sintering of carbon fine particles,

burning of an organic polymer, or the like. In addition,

a metal, such as platinum having a high oxidation-
reduction catalytic effect is wired on a transparent
conductive substrate, or reduction processing of a
platinum compound is carried out for a surface of the
transparent conductive substrate, whereby the resulting
transparent conductive substrate can be usad as the

transparent counter electrode.



sensitized solar cell is not especially limited, for example, in the case
where a liauiform electrolyte composition can be used, or an electrolyte
composition can turn into a gel in the inside of the dye-sensitized solar
cell and the electrolyte composition iszlgquiform before introduction, the
porous titanium oxide layer(s) and the counter electrode are made to face
each other, and a substrate portion having no porous titanium oxide
layer(s) formed thereon is sealed so as for these electrodes not to contact
eachiather. At this time, although a size of a gap defined between the
porous titanium oxide layer(s) and the counter electrode is not especially
limited, thésizeiofthe gaptdefined: therebétweanrdsnormaty,doreferably in
the range of 1 to 100 um, and is more preferably in the range of 1 to 50
pm.s Wherea distance befiweersthose electtodeslis Yod longrad, for
photocurrent is reduced due to reduction of an electric conductivity.
KitoRigh a $SaligTmethivd ishit especiali? lifited, amafefial Hading a
light resistance, an insulating property, and a moisture-proof property is
PrefraBY HeRd RRUS St s Tossibie tétlisE af Epoxry Yiesir: AnAnfaviot
curable resin, an acrylic resin, a 24 polyisobutyiene resin, EVA (eth%;%]ene

iyl Bdetate) B fonditer résin Cerdmics Svariouskinds &t thefmial fusion

solar cell and the electrolyte composition is liguiform
before introduction, the porous titanium oxide laver(s)
and the counter electrode are madse o face each other,

and a substrate porticon having no porous titanium oxide
layer (s) formed thereon is sealed so as for these
electrodes not to contact each other. At this ftime,
although a size of a gap defined between the porous
titanium oxide laver(s) and the counter electrode is not
especially limited, the size of the gap defined
therebetween 1s normally, preferably in the range cof 1 to
10C um, and is more preferably in the range of 1 te 50 um.
When a distance between those electrodes is too long, a
photocurrent is reduced due to reduction of an eleciric
conductivity. Although & sealing method is not especially
limited, a material having a light resistance, an
insulating property, and a molsture-procf property is
preferably used. Thus, 1t 1s possible to use an epoxy

resin, an ultraviclet curable resin, an acryiic resin, a



bonding films, and the like. in addition, it is possible to use various kinds
of welding methods. In addition, when a liquid solution of the electrolyte
composition is filled, an inlet is required. However, a place of the inletis
not especially limited unless the plac gf the inlet is any of a place on the
porous titanium oxide layer(s) and a% ace on the counter electrode facing
the porous titanium oxide layer(s). In addition, although a method of
filling the liquid solution. of the electrolyte composition is not especially

pioiteds there.s <preferablerg method irwhichran euter;petphery-is sealed
in advance, and the liquid solution of the electrolyte composition is filled
intocthe inside of the-dyensensitized isolarscell having-thednketfarithe ligtish
solution opened therein under a reduced pressure. In this case, a method
oudaveniéntinavhieha fewsdrops of thé nliquidisalition isidroppedontab le
the inlet, and is filled in the inlet in accordance with the capillary action. In
weldition, Y96 handling efthe Fiflingeofdha diquidt setition can alge beion,
carried out under either the reduced pressure or the heating as may be
HetBssary e the” fighid Bolufior isp&réctly el t theijliid olutibrn 255
left on the inlet is_ removed, and the inlet is then sealed. Although the

%ééﬁ&?nuﬁﬁo&%§§@o%ﬁnf@qulf@d- However, a place of the

inlet is not especially limited unless the place of the
inlet is any of a place on the porous titanium oxide
layer(s) and a place on the counter electrode facing the
porous titanium oxide laver(s). In addition, although a
method of filling the liguid sclution of the electrolyte
compesition is not especially limited, there is
preferable a method in which an outer periphery 1s sealed
in advance, and the liguid sclution of the electrolyte
composition is filled into the inside of the dye-
sensitized solar cell having the inlet for the liguid
sclution opened thereln under a reduced pressure. In this
case, a method 1s convenient in which a few drops of the
liguid solution 1s dropped onto the inlet, and is filled
in the inlet in accordance with the capillary action. In
addition, the handliing of the filling of the liguid
sclution can also be carried out under either the reduced
pressure or the heating as may be necessary. After the

liquid solution is perfectly filled, the liguid soclution



especially limited, the sealing can also be carried out by sticking either a
glass substrate or a plastic substrate through a sealing material as may
be necessary. In addition to this method, as with a One Drop Filling
(ODF) process for a liquid crystal pan%, a drop of an electrolyte liquid can
also be dropped on a substrate, and the sticking can also be carried out
under a reduced pressure to carry out the sealing. In addition, in the

case of either a gelled electrolyte using a polymer or the like or a total
1sofid type elestrolyte.:a pelymerHguid sphutioncontaining thereiman
electrolyte composition and a plasticizing agent is volatized on the
farousititaniuahoxide layes(sy ¢ beremoved by a eastingo method. After
the plasticizing agent is perfectly removed, the sealing is carried out
sipiaryetolthe casetafdhe tmethoe:described mbave cThe sealingiisd out
preferably carried out either in an inactive gas atmosphere or under a
rEdeded-prassure by 88ing alvacuuni sealer of theolikes Aftérsthesealing
is carried out, for the purpose of sufficiently impregnating the electrolyte

T BT parotstHitaPilim oXidestayes), BhGpetatiort forFeating aRdcessary -

fressurization can also be carried out as may be 26 necessary. 0028]
noaddition te this method, as with a One Drop Filling

(ODF) process for a ligquid crystal panel, a2 drop of an
electrolyte liquid can alsoc be dropped on a substrate,
and the sticking can also be carried cut under a reduced
pressure to carry out the sealing. In addition, in the
case of either a gelled electrolyte using a polymer or
the 1ike or a total solid type electrolyte, a polymer
liguid solution containing therein an electrolyte
composition and a p»lasticizing agent 1s volatized on the
porous titanium coxide laver(s) to be removed by a casting
method. After the plasticizing agent 1is perfectly removed,
the sealing is carried out similarly to the case of the

methed described above. The sealing is preferably carried

©

out either in an inactive gas atmosphere or under a
reduced pressure by using & vacuum sealer or the llke.
After the sealing is carried out, for the purpcse of
sufficiently impregnating the electrolyte in the porous

titanium oxide layeri{s), an operation for heating and

pressurization can also be carried out as may be



By the way, as described above, the various kinds of additives such as
4-tert-butylpyridine and the benzimidazolium class are added in some
cases for the purpose of enhancing the open voltage of the dye-

sensitized solar cell. In this case, hOV\ée er, the reduction of the

short-circuit current is caused, which “résults in that it is difficult to largely
increase the photoelectric conversion efficiency calculated in the form of
current x voltage x fill factor. For this reason, an additive is desired with
Yehiel ghe-open voltage can be enhanced without causing the reduction of
the short- circuit current. The inventors of the present invention carried

out earnestly the research, and as a result, found out that the open

voltage can be enhanced without causing the reduction of the short-circuit
current i the: fdyevsensitize dsotarcelissy asing @, corhpoursd-haviaglat nds
least one or more isocyanate groups (-NCO) as an additive which is
Gbldedds the efectrofjte SFhatis 5 Say, the lelgstrolyicelayeristpréferably
.composed of an_electrolyte composition containing therein the compound
PEving atl@as--ond of rdté isocyaRate groups STHIS Eleéslyfecr che
composition typically contairls therein iodine. 27 Although there is
redpegafy ib MRS HetombotRE RoRfaitiAg thérein-afled¥Eone or
ggggf%%%@%“%%%&%”%@ll. In this case, however, the
reduction of the short-circult current 1s caused, which
results in that it is difficult to largely increase the
photoelectric conversion efficilency calculated in the
form of current x voltage x fill factor. For this reason,
an additive 1s desired with which the open voltage can be
ennanced without causing the reduction of the short-
circult current. The inventors of the present invention
carried out earnestly the research, and as a result,
found out that the open voltage can be enhanced without
causing the reductilon of the short-circuilt current in the
dye-sensitized solar cell by using a compound having at
least one or more 1lsccvanate groups (~NCO) as an additive
which 1s added to the electrolyte. That is to say, the
slectrolvte laver is preferably composed <f an
electrolyte composition containing therein the compound

naving at least one or more iscocyanate groups. This

glectrolyte composition typically contains therein iodine.



the compound is preferably compatible with a solvent of an electrolyte, an
electrolyte salt, and other addition agents. The compound having at least
one or more isocyanate groups suitably contains at least one nitrogen
containing functional group in the samy molecule in addition to the
isocyanate group. Or, the electrolyte ‘compound suitably further contains
therein a compound containing at least one or more nitrogen containing
functional groups in addition to this compound. Although the compound
Xontaining atieast one ergpere RIrogen ccantaining: uinetienal greups s
suitably an amine system compound, the present invention is by no

aneansi imited thereta rAlthoughahereds e€specialtyrpo limitde dhe: tamineoups,
system compound, the amine system compound is preferably compatible
With a solventdf as electrbiyte)o an etectrolytélsalt, and lothersadditiornt of
agents. The nitrogen containing functional group is made to exist
rgetherivith thé eompoundiaviry atleastorie ofmdre isceyanate -1 on
groups in such a manner, which especially, largely contributes to an
IVETBase in bP_n VoltEGE of the HyeSsehisitized Tolat cell® Specifieally, the
compound having at least one or more isocyanate groups, for 28
BXEmpTe: S phehyBGcyHaté 2-énlordethyliSo&/anate. ° m-ERiGrdpheny ="

isocyanate, cychohexyl isocyanate, o-tolyl ‘
conyainf%gyg&né% onafygroup lnythe same molecule in

addition to the isocyanate group. Or, the electrolyte
compound suitabkly further contains therein a compound
containing at least one or mere nitrogen contalining
functional groups in addition to this compound. Although
the compound containing at least one or more nitrogen
containing funciional groups 1s sultably an amine system
compound, the present invention is by no means limited
thereto. lthough there 13 egpecially no limit to the
amine system compound, The amine system compound 1s
preferably compatible with a soclvent of an electrolyte,
an electrolyte salt, and other addition agents. The
nitrogen ceontaining functional group is made to exist
together with the compound having at least one or more
isocyanate groups in such a manner, which especially,
largely contributes to an increase in open voltage of the
dye-sensitized solar cell. BSpecifically, the compound

having at least one or more isocyanate groups, for



isocyanate, p-tolyl isocyanate, n-hexyl isocyanate,
tolylene-2,4-diisocyanate, haxamethylene diisocyanate,
methylenediphenyl-4,4'-diisocyanate or the like. However, the present
invention is by no means limited theretg. In addition, specifically, the
amine system compound, for example; is 4-tert-butylpyridine, aniline,
N,N- dimethylanilene, N-methylbenz imidazole, or the like. However, the
present invention is by no means limited thereto. [0029: According to the

Seepnd yventiopnthere is previded adnethodrof manufacturing@-yanate,
dye-sensitized solar cell, having: the process for screen-printing a paste

rhavinge titartium oxides fine padicles digpersed:therein eitherintthe same 1 vl
pattern or in different patterns either one time or multiple times on a
transparent eondudtiveysubstrate;the processHorburning thespaste,,

thereby forming one or multiple porous titanium oxide layers; the process
for-casirg thelone 66 Aftiltiplé porouss Hitdritm oxide layéfsStorstipporta
sensitizing dye(s); the process for providing a counter ele=rode so as 29
ff@?é@é%%@ﬁi@ ermultiple porstsiitaminT akde tayerse angke . However,
the present invention is by no means limited thereto. In
addition, specifically, the amine system compound, for
examplie, 1s 4-tert-butylpyridine, aniline, N,N-
dimethylanilene, N-methylbenz imidazole, or the like.
However, the present invention is by nc means limited
thereto.

[0029]

According to the second invention, there is
provided a method of manufacturing a dye-sensitized solar
cell, having:

the process for screen-printing a paste having
titanium oxide fine particles dispersed therein either in
the same pattern or in different patierns either cne time
or multiple times on a transparent conductive substrate;

the process for burning the paste, thereby forming
one or multiple peorous titanium oxide layers;

the process for causing the one cr multiple porous

titanium oxide layers to support a sensitizing dyelis);

the process for providing a counter electrode so as



the process for providing an electrolyte layer between the one or multiple
porous titanium oxide layers and the counter electrode, in which the one
or multiple porous titanium oxide layers are formed so as to display a
predetermined color(s), and composg a predetermined pattern(s) in
accordance with selection of a thicknéss, a lamination structure, a particle
diameter of the titanium oxide fine particles, or a combination ratio of two
or more kinds of titanium oxide fine particles when the titanium oxide fine

wparticles are eompesed ohthe twa er mere kinds of titanium oxide fingyers ;
particles different in particle diameter from one another. [0030] In order
dhat the one or multiple porous titanium oxide layers may display the
predetermined color(s) in accordance with the selection of the thickness,
the lamibatior struettite, the particie diameten ofthec titaniumoxide/ fire
particles, or the combination ratio of the two or more kinds of titanium
oxidefine pariches® wherrmthettaniantexiade finé paricles afe:ésthpesad s
of the two or more kinds of titanium oxide fine particles 30 different in
Taride Yidinetet Fbnt oRe andtlfer, there are selected a thickness of the
paste whjch is screen- o _ { _
in which the one or multiple porous titanium oxide
lavers are formed so as to display a predetermined
colori{s}), and compose a predetermined pattern{s) in
accordance with selection of a thickness, a lamination
structure, a particle diameter of the titanium oxide fine
particles, or a combination ratic of two or more kinds of
titanium oxide fine particles when the titanium oxide
fine particles are composed cf the two or more kinds of
titanium oxide fine particles different in particie
diameter from one another.
[0030]

In order that the one or multiple porous titanium
oxide lavers may display the predeterminesd color{s) in
accordance with the selection of the thickness, thsa
lamination structure, the particle diameter of the

g

titanium oxide fine particles, or the combination ratio

cf the two or more kinds of tTitanium oxide £fine particles

when the titanium oxide fine particles are composed of

the two or more kinds of titanium oxide fine particles



printed, the number of times of the screen printing with which the paste is
screen-printed in the same pattern, a kind of paste which is

screen-printed multiple times in the same pattern (the particle diameter of
the titanium oxide fine particles, the G mbination ratio of the two or more
kinds of titanium oxide fine particles when the two or more kinds of
titanium oxide fine particles different in particle diameter from each other
are used, and the like), and the like. [0031] In the second invention, with
Jegaed-tonany ef thermattess gthardhan-the-feregaing.dhedmatter chere
described in connection with the first invention is established. 0032]
sAecardingdo ¢he thirdhinvention; theretisprovided asdyedsensitized selar
cell, having: a transparent conductive substrate; one or multiple porous
rsemitendudioelayers; ®n thé transparert cormelustive substratef maglewofth
semiconductor fine particles and supporting a sensitizing dye(s); a
wdobpitertglectiode providet s as to facetthe ohe brmuitiple ppréusrn, a
semiconductor layers; and 31 an electrolyte layer between the one or
Thiiffipfetpsldas 2etfiicontiuttordayerranti the otintet-elé@tsue; imes in

the same pattern (the particle diameter of the titanium
oxide fine particles, the combination ratioc of the two or
more kinds of titanium oxide fine particles when the two
or more kinds of titanium oxide fine particles different
in particle diameter from each other are used, and the
like), anc the 1like.
[0031]

In the second invention, with regard fto any of the
matters other than the foregoing, the matter described in
connection with the first invention is establishad.

(003z2]

According to the

ot

hird invention, there is provided
a dye-sensitized solar cell, having:

a transparent conductive substrate;

cone or multiple porous semiconductor layers, on the
fransparent conductive substrate, made of semiconductor
fine particles and supporting a sensitizing dye(s);

a counter electrode provided 50 as to face the one

or multiple porous semiconductor lavers; and



in which the one or multiple porous semiconductor layers are formed so
as to display a predetermined color(s) and compose a predetermined
pattern(s) in accordance with selection of a thickness, a lamination
structure, particle diameters of the semiconductor fine particles, or a
combination ratio of two or more kindsof semiconductor fine particles
when the semiconductor fine particles are composed of the two or more
kinds of semiconductor fine particles different in particle diameter from

one another-0Q33] According i@ the fourth-davention, thereds provideda:
method of manufacturing a dye-sensitized solar cell, having: the process
dot-screepguintingaupasie having: semticonductarfinetpartieles disposed
therein either in the same pattern or in different patterns either one time
or multiplentimeswn & transparent conductivessupstrates tireprogessdor-or
burning the paste, thereby forming one or multiple porous semiconductor
layesrs sthersro€ess fol catsing the ohesorimiiltipleoperdas esemicerductor
layers to support a sensitizing dye(s); 32 the process for providing a
totfter TleGtrcHeES5ES 16 face thaBHe P miRiple pérotis seficénductor

layers;
acdcordance with selection of & thickness, a lamination

structure, particle diameters of the semiconductor fine
particles, or a combination ratic of two or more kinds of
semiconductor fine particles when tThe semiconductor fine
particles are composed of the two or more kinds of
semiconductor fine particles different in particle
diameter from one another.

[C033]

According to the fourth invention, there is
provided a method of manufacturing a dyve-sensitized sclar
cell, having:

the process for screen-printing a& paste having
semiconductor fine particles disposed therein either in
the same pattern or in different patterns sither one time
or multiple times on a transparent conductive substrate;

the process for burning the paste, thereby forming
one or multiple porous semiconductor lavers;

the process for causing the cone or mulitiple porous

seniconductor lavers to support a sensitizing dvel(s);



and the process for providing an electrolyte layer between the one or
multiple porous semiconductor layers and the counter electrode, in which
the one or multiple porous semiconductor layers are formed so as to
display a predetermined color(s) and compose a predetermined

: : 3 . L
pattern(s) in accordance with selection of a thickness, a lamination
structure, particle diameters of the semiconductor fine particles, or a
combination ratio of two or more kinds of semiconductor fine particles

when the: semiconeluctor fine padicles:are compnsed-of the 4we.0Fdaorgs as
kinds of semiconductor fine particles different in particle diameter from
‘omefanothet: §00341 rthethird ahd fourthinventinns,dnaddition tbayers;
element semiconductors typified by silicon, various kinds of compound
wefhiconductor(s), a compound having a perovskite structure, or the like

can be used as a material for the semiconductor fine particles composing
the one GFPMURIPRS PEROUSTErRIEONAUCDE |adjers Eachref teselayer
semiconductors is preferably an n-type 33 semiconductor in which

SFCtrom i codtction Hand ! BeCome cuifent Bartiefd dHaérs lavers

hotoexitation to give an
nd the counté&r electrode,

in which the one cr multiple porous semiconductor
layers are formed sc as to display a predetermined
coler(s) and compose a predetermined pattern(s) in
accordance with selection of a thickness, a lamination
structure, particle diameters of the semiconductor fine
particles, or a combination ratio of two or morse kinds of
semiconductor fine particles when the semiconductor fine
particles are composed of the two or more kinds of
semiconductor fine particles different in particle
diameter from one another.
(00341

In the third and fourth inventions, in addition to
element semiconductors typified by silicon, various kinds
of compound semiconductor(s), a compound having a
perovskite structure, or the like can be used as a
materlial for the semiconductcr fine particles composing
the one or multiple porous semiconductor layers. Each of

these semiconducteors is preferably an n-type



anode current. Concretely exemplifying, these semiconductors are a
titanium oxide (TiC2), a zinc oxide (ZnO), a tungsten oxide (WO3), a
niobium oxide (Nb205), a strontium titanate (TiSrO3), a tin oxide (Sn02),
and the like. Of them, an anatase-type._titanium oxide is especially
preferable. The kinds of semlconductgrg)s are by no means limited thereto,
and thus a semiconductor material obtained by mixing two or more kinds
of semiconductors described above can also be used. Moreover, the

semieengucterfing parficle-gan-takervasious kinds efoforms:such asaq
particle-shaped form, a tube-shaped form, and a rod-shaped form as may
henecessary:{0035]dm the thirduanc: fousthvibyentians; with regartsh to= any
of the matters other than the forgoing, the matter described in accordance
avithcthedfirst-amd secOnd dneértions:s @stdbliShed.[0086glwthe present
invention constituted in the manner described above, the porous titanium
oRiteclayei(S)-6& the porcustsemicoHbuctsi fayer(8)-6an beemadedo oxlde
display the predetermined color(s) in accordance with the 34 selection of
{Ré thickriess artFlafiin&icristructtre of the poFousHitaniFE oxide:0:) » &

Iayer(s) or the porous. \ \ _
strontium tlitanate (TiSrQ0;), a tin oxide (5n0:), and the

like. Of them, an anatase-type titanium oxide is
especially preferable. The kinds of semiconductors are by
no means limited thereto, and thus a semlconductor
material obtained by mixing two or more kinds of
semiconductors described above can alsce be ussd. Moreover,
the semiconducteor 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.

[00325]

In the third and fourth inventions, with regard to
any of the matters other than the forgeing, the matter
described in accordance with the first and second
inventions i1s established.

(00367

In the present invention consitiliuted in the manner
described above, the porous titanium oxide layer(s) or
the porous semiconductor layer(s) can be made To display

the predetermined ceoleor(s) in accordance with the



semiconductor layer(s), the particle diameter of the titanium oxide fine
particles or the semiconductor fine particles, or the combination ratio of
the two or more kinds of titanium oxide fine particles or semiconductor
fine particles when the titanium oxideﬁpe particles or the semiconductor
fine particles are composed of the two or more kinds of titanium oxide fine
particles or semiconductor fine particles different in particle diameter
from one another. In addition, the predetermined pattern(s) can be
scompasestinatcordandce wit thesshape (3pand-dispositien(syof the: of
pattern(s) of the porous titanium oxide layer(s) or the porous
tgemiconducior: layer(shud hat islto dayy ér thie) presenténventionsthe
predetermined stained pattern(s) can be displayed by the porous titanium
TRideCrRYEHST 0 thie2 PoroUs sermitdndactor fayer(8). sAdvamtageoLs Effect
[00371 According to the present invention, it is possible to realize the
tdykaderaniZed sotar celFwRith is Sstiperior inthe deEigtproperybecause
the high photoelectric conversion efficiency can be obtained in 35 the
RiyeLdensitizedFolar GelC 3t thé dy&lsehditizéd “old Gelieln b More
@L%%%fagtyr?‘q gg;[’lhieulrgweggséesmgijlmanrg particles or semiconductor

fine particles when the titanium oxide fine particles or
the semiconductor fine particles are composed of the two
or more kinds of titanium oxide fine particles or
semiconductor fine particles different in particle
diameter from one another. In addition, the predeterminsd
pattern({s) can be composed in accordance with the
shape {s) and disposition(s) of the pattern{s) of the
porous titanium cxide layer(s) or the porous
semiconductor laver(s). That is to say, in the present
invention, the predetermined stained pattern{s;) can be
digplaved by The porous tiftanium oxide layer({s) or the
porous ssmiconductor layer{s).
Advantageous Effect
[0037]

Loocording To the present invention, 1T 1s possible
to realize the dye-sensitized solar cell which is
superior in the design property because the high

photoelectric conversion efficlency can be obtained in



to the case of the conventionally known dye-sensitized solar cell, and
also the dye-sensitized solar cell can display the predetermined colored
pattern(s). Brief Description of Drawings [0038] [FIG. 1] FIG. 1 is a cross
sectional view of a dye- sensitized solar cell according to a first
embodiment of the present inventionl.?FFlG. 2] FIG. 2 is a top plan view of
the dye-sensitized solar cell according to the first embodiment of the
present invention. [FIG. 3] FIG. 3 is a top plan view of a transparent
wenductivessustrate dxnwhich:dye-sensitizedipeneus ctitaniwum exidedayers

of the dye-sensitized solar cell according to the first embodiment of the
presentcimvention are:farmediahen vieweddfram«a transparent sonductivey
layer side. [FIG. 4] FIG. 4 is a top plan view of the transparent 36
‘vonduetivesgbstrate lire whichva counter electrode of they ddyeesensitizedc
solar cell according to the first

sclar cell, and also the dye-sensitized scolar cell can
display the predetermined cclored pattern(s).

Brief Description of Drawings

[0038]

[FIG. 1]

FIG. 1 is a cross sectional view of a dye-
sensitized solar cell according to a first embodiment of
the present invention.

(FIG. 2]

FIG. 2 1s a top plan view of the dye-sensitized

solar cell acccrding to the first embodiment of the

present invention.

[FI

oy

3]

FIG. 3 1s a top plan view of a Transparent
conductive substrate in which dye-sensitized porous
Titanium oxide lavers oI the dye-sensitized sclar cell
according to the first embodiment of the present
invention are formed when viewed from a Transparent

conductive laver side.

FIG. 4 is a top plan view of the transparent



embodiment of the present invention is formed when viewed from the
transparent conductive layer side. [FIG. 5] FIG. 5 is a cross sectional view
showing a method of manufacturing the dye-sensitized solar cell

according to the first embodiment of the present invention. [FIG. 6] FIG. 6
is a top plan view showing a screen which is used when a dye-sensitized
porous titanium oxide layer is formed by screen printing in a method of
manufacturing a dye-sensitized solar cell according to Example 1 of the
fresemM-dnvention, lRlG: 7L FIG. (is afop plapudew showing asereely the
which is used when a dye-sensitized porous titanium oxide layer is
dormed:hy the sereendqurintingdn a metheg-afnmanufacturing the:
dye-sensitized solar cell according to Example 1 of the present invention.
I BLREGLE sfa tdpeplanadew showirgna screenswltichris dusedanheri aved
dye-sensitized porous titanium oxide layer is formed by the screen
printing lirk a tethet of S7- ntanufactaring theadye-sensitized solar cell
according to Example 1 of the present invention.

FIG. 5]
FIG. 5 1s a cross sectional view showing a method
of manufacturing the dye-sensitized solar cell according

to the first embodiment of the present invention.

FIG. 6]

ey}

IG. © is a top plan view showing a screen which is
used when a dye-sensitized porous titanium oxide layer is
formed by screen printing in a method of manufacturing a
dye-sensitized solar cell according to Example 1 of the

present inventicn.

]

[FIC. 7]

3

FIG. 7 1s a top plan view showing a screen which is
used when a dye-sensitized porous titanium oxide layer is
formed by the screen printing in a method of
manufacturing the dye-sensitized solar cell zccording to
Example 1 ¢f the present invention.

FIG. 81

FIG. 8 is a top plan view showing a screen which is
used when a dye-sensitized porous tilitanium oxide laver is

formed by the screen printing in a method of



[FIG. 9] FIG. 9 is a top plan view showing a screen which is used when a
dye-sensitized porous titanium oxide layer is formed by the screen
printing in a method of manufacturing the dye-sensitized solar cell
according to Example 1 of the prese%invention. [FIG. 10] FIG. 10is a
top plan view when a dye-sensitized $olar cell manufactured in
accordance with the method of manufacturing the dye-sensitized solar
cell according to Example 1 of the present invention is viewed from a light

neeelvingtsurface side [FlG-Jdd G+ 1% dsia sehematie diagiam-showing o
current- voltage characteristics of the dye-sensitized solar cell
Inanufaetured in aceordance:with the srethod of manufacturing the
dye-sensitized solar cell according to Example 1 of the present invention.
[FIG:.129 FIG. 12 is a schematic diagram showing a paper- covered night
light type dye-sensitized solar cell according to a third embodiment of the
present inventich. 38 {FIGH 3P HG. 13 ivark exploded pepspective wivve df i s

the .
used when a dye-sensitized porous titanium oxide layer is

formed by the screen printing in a method of
manufacturing the dye~sensitized solar cell according to
Example 1 of the present invention.

[FIG. 10)

FIG., 10 1s a top plan view when a dye-sensitized
solar cell manufactured in accordance with the method of
manufacturing the dye-sensitized soclar cell according to
Example 1 of the present invention 1s viewed from a light
receiving surface side.

[FIG. 117

FIG. 11 is a schematic diagram showing currsnt-
voltage characteristics of the dye-sensitized solar cell
manufactured in accordance with the method of
manufacturing the dye~sensitized solar cell according to
Example 1 of the present invention.

[FIG. 12]

FIG. 12 1s a schematic diagram showing a paper-

covered night light fype dye-sensitized solar cell

according to a third embodiment of the present invention.



paper-covered night light type dye-sensitized solar cell according to the
third embodiment of the present invention. [FIG. 141 FIG. 14 is an
exploded perspective view showing a part of an inner box of the
paper-covered night light type dye-sensitized solar cell according to the
third embodiment of the present invention. [FIG. 15] FIG. 15 is an
enlarged schematic diagram showing a switch provided in the
paper-covered night light type dye-sensitized solar cell according to the
third .emboediment of the present invention, and portions of an electric
battery box and a base which are provide in the vicinity of the switch.
Mode forCatryng Qut the inveniiofeJ0039] Stereinaiter,.enabodimerits: of
the present invention will be described with reference to the drawings. It
s prroted thvatie therénibodimehts vulyick wilf be deseribed: shklow lthe cell
same or corresponding portions are designated by the same reference
Freprerald) sespectvelyt 39 10040 FIGI 148 B crbs$ Sectionad eiew of a dye-

invention.

[FIG. 14)

[n3]

IG. 14 is an exploded perspective view showing a
part of an inner box of the paper-covered night light
type dye-sensitized solar cell according to the third
embodiment of the present invention.

[FIG. 15]

G. 15 1s an enlarged schematic diagram showing a
switch provided in the paper-covered night light type
dyve-sensitized sclar cell according to the third
embodiment of the present invention, and portions of an
electric battery box and a base which are provide in the
vicinity of the switch.

Mode for Carrying Out the Invention

(0032]

Hereinafter, embodiments of the present invention
will be described with reference to the drawings. It is
noted that in the embodiments which will be described
below, the same or corresponding portions are designate

by the same reference numerals, respectively.



sensitized solar cell according to a first embodiment of the present
invention. A top plan view of the dye- sensitized solar cell is shown in FIG.
2. FIG. | corresponds to a cross sectional view taken on line X-X of FIG.
2.[0041] As shown in FIG. 1 and FIG3 , in the dye- sensitized solar cell, a
plurality of dye supporting porous titanium oxide layers having
predetermined patterns, respectively, are formed on a transparent
conductive layer ib of a transparent conductive substrate 1 in which a
tramsparent conductive layer Ib is formed on a transparent substrate 1a.
The number of dye supporting porous titanium oxide lavers, and shapes
and dispositions ofdhe dyecstyppering porous titaniumoxide: layers are
determined in accordance with a pattern which is displayed on a light
seceivingzsutface af thedye- sensitizedhsolarcell. s supgposeddn thisrcase £
that four dye supporting porous titanium oxide layers 2a to 2d are formed
Hscarrekample. Theshapes and dispositibns of ‘the' dyé stbporing-
porous titanium oxide layers 2a to It are merely schematically shown as
Herexdmpred afid H#ids 46 -dreirot TspBEially limited. &n theldtherhand, a

counter electrode 4 is formed on a transparent conductive layer
corresponds to a cross sectional view taken of line X-¥

Fr]

IG. 2.

of
[0041]

As shown in FIG. 1 and FIG. 2, in the dye-
sensitized solar cell, a plurality of dye supporting
porous titanium oxide lavers having predetermined
patterns, respectively, are formed on a transparent
conductive layer 1b of a transparent conductive substrate
1 in which a transparent conductive laver 1lb is formed on
a transparent substrate la. The number of dye supporting
porous titanium oxide lavers, and shapes and dispositions
of the dye supperting porous titanium coxide layvers are
cdetermined in accordance with a pattern which is
displayed on a light receiving surface of the dye-
sensitized scolar cell. It is supposed in this case that
four dye supporting porcus titanium oxide layers 2a to 2d
are formed as an example. The shapes and dispesitions of
the dye supporting porous titanium oxide lavers 2a to 2d

are merely schematilically shown as an example, and thus



3b of a transparent conductive substrate 3 in which the transparent
conductive layer 3b is formed on a transparent substrate 3a. Also, outer
peripheral portions of regions, of a member having the dye supporting
porous titanium oxide layers 2a to 2d fq)]rmed on the transparent
conductive substrate 1, and a member having the counter electrode 4
formed on the transparent conductive substrate 3, which are held
between the transparent conductive substrate 1 and the transparent

Lonductive: substratel ¥ ate honded to eachotheransrane=sesled:withuater
seal material 5 in a state in which each of the dye supporting porous
ditamitnroxide layers 2arte2dyand the scounterselectradeld facevat d ayer
predetermined distance each other. The distance between each o the dye
Bupportingt percustitaniunsoxidedayers 2xtoXd; @nd the tounterch the
electrode 4, for example, is in the range of 1 to 100 pm, is typically in the
FHAGE bR s6VEral 3T Mitfon! FY&tErs o 100 pmiaRd ispreferably in the
range of 1 to 50 um. A space surrounded by the transparent conductive
Tayetib travihg theltye stiphorting pOroliy titamiufT okide L Ryers2a kP24 1 ons
farmed thereon, the counter electrode 4, and the seal material 5 is

Ehelosdu Wit af elEetfoWIBZA. 14/er 87 In this Gase, BSiface dppaditt 15 °

2;34face, of,the ransparent condyctiyg substrate 1,haying e dve . vent

conductive substrate 1, and a& member having the ccunter
electrode 4 formed on the tTransparent conductive
substrate 3, which are held between tThe transparent
conductive substrate 1 and the transparent conductive
substrate 2 are bonded to each other and are sealed with
a seal material 5 in a state in which each of the dye
supporting percous titanium oxide layers Za to 2d, and the
counter electrode 4 face at 2z predetermined distance each
other. The distance between sach of the dve supporting
porous tTitanium oxide lavers Za to 2d, and ths counter
electrode 4, for example, 1s in the range of 1 to 100 um,
is typically in the range coi several tens cof micron
meters te 100 um, and i1s preferably in the range of 1 to
50 um. A space surroundsd by the transparent conductive
layver 1b having the dyve suppocriting porous titanium oxide

lavers Za to 2d formed thereon, the counter electrode 4,

and the seal material 5 i1s enclosed with an electrolyte



supporting porous titanium oxide layers 2a to 2d formed thereon
becomes a light receiving surface. [0042] The transparent conductive
substrate 1 in which the transparent conductive layer Ib is formed on the
transparent substrate la, the transpargt;t conductive substrate 3 in which
the transparent conductive layer 3b is Tormed on the transparent
substrate 3a, the counter electrode 4, the seal material 5, and the
electrolyte laver 6 can be selected from those which are previously given

Jas/may be neeessary. [0043], The arsparenteenductive substrates dsangd

3 have square or rectangular planar shapes identical to each other. In
dhistdaser asshpwndn FlGod@ndtERE-. 2)wdenz an xtaxia andragy-axis dye
are taken in directions parallel with two sides, respectively, of each of the
tramsparentocanductive substrates loand8, whichrarednade at d rightmed
angle with each other, the transparent conductive substrates 1 and 3 are
‘shiftedifrofresaehesther by @R theseaxisitiregtion sl b in the y-axis
direction. For example, when the transparent conductive substrates 1 and
42" 34ave the same square planar shape, the ‘transparent conductive

substrates 1 and 3 are shifted from_each other , :
The transparent conductive substrate 1 in which the

Transparent conductive layer 1b is formed on the
transparent substrate la, the transparent conductive
substrate 3 in which the transparent conductive laver 3b
is formed on the transparent substrate 3a, the counter
electrode 4, the seal material 5, and the electrolyte
layer 6 can be selected from those which are previously
given as may bhe necessary.

[0043]

The transparent conductive substrates 1 and 3 have
sguare or rectangular planar shapes ldentical to each
other. In this case, as shown in FIG. 1 and FIG. 2, when
an x-axis and a y-axis are taken in directions parallel
with two sides, respectively, o¢f each of the transparent
conductive substrates 1 and 3, which are made at a right
angle with sach other, the transparent conductive
substrates 1 and 3 are shifted from each other by a in
the =-axis direction, and b in the y-axis direction. For

example, when tThe transparent conductive substrates 1 and



in a direction of one diagonal. At this time, a = b. Power collecting layers
7 are formed on the transparent conductive layers Ib and 3b, of the
transparent conductive substrates 1 and 3, located outside the seal
material 5, respectively. The power cgl&ecting layers 7 are used when
connection to an external lead is carried out or when the dye-sensitized
solar cells are connected to each other. [0044-1 A surface of the
transparent conductive substrate 1 on the transparent conductive layer Ib
Bide:issshown #aikdGs 3uAsshpWaria FIGh 3pa pottion aframelongate:
area, in the transparent conductive layer Ib, having widths a and b
@xtehding frons tHestwa sides bf theltransparent: cohductivecsubstrate dther
which are made at a right angle with each other is removed, and thus the
Ararsparert Csulsstraté | iscexposadfrom thistpdrtion. AlsBeporiions fof
the seal material 5 extending along those two sides of the transparent
RonBhcire-sibstidie 11 peSpettivelyZ&rel bomaed ontd-the éxpposegarent
portion of the transparent substrate la (refer to FIG. 1) A surface of the
tREHSPEFent TonduiEtive dib<ARite 3%n the thafspafémt %4 toRductive layer
ggpsdge is. shown in FIG. 4. Asﬁ sg%\gn gn FIG. 4 g(ﬁ)o(gti%n of an gLongate

c% v? subs;r?t@s lccat utside the Jseal
area, In tne transparen

material 5, respectively. The power collecting layers 7
are used when connection to an external lead is carried
out or when the dye-sensitized solar cells are connected
to each other.
[0044]

A surface of the transparent conductive substrate 1
on the transparent conductive laver 1lb side is shown in

FIG. 3. As shown in FIG. 3, a portion of an elongate are

S

4
in the transparent conductive layer 1b, having widths a
and b extending from the two sides of the transparent
conductive substrate 1 which are made at a right angle
with each other i1s removed, and thus the transparent
substrate la 1s exposed from this portion. Alsc, portions
of the seal material 5 extending along those two sides of
the transparent conductive substrate 1, respectively, are
bonded onto the exposed portion of the transparent
substrate la (refer to FIG. 1). A surface of the

transparent conductive substrate 3 on the transparent



conductive layer 3b, having widths a and b extending from two sides of

the transparent conductive substrate 3 which are made at a right angle

with each other is removed, and thus the transparent substrate 3a is
exposed from this portion. Also, portipns of the seal material 5 extending
along those two sides of the transparerit conductive substrate 3,
respectively, are bonded onto the exposed portion of the transparent
substrate 3a (refer to FIG. 1). Although an illustration is omitted in FIG. 4,
dhe counterelecirade 4alseihas the samerplanar shape as thatokthewn in
transparent conductive layer 3b (refer to FIG. 1). An inlet 8 which is used
Harsfillidg oftheo etectrolyié layersland wilkbe: finally daulkéd: ist proviged #nt
one counter portion of the transparent conductive substrate 3. 0045] The
dyeBupporting-poreus ditanibavaxide levérs 2aatoa2di ake forireddiongs torom
display predetermined colors, respectively, in accordance with selection
Bfa thickAgss fa Taminatipnsstrictire, & Paricte disinstep of thet fitahinh1ch
oxide fine particles or a combination ratio of two or more kinds of titanium
DRSS particlestwRE 427 thiftitinitin BRide finelparticids apgeved, and

composed of the two or more kinds of titanium oxide fine garticles
%m%ﬁeﬁpe transparent substrate 3a 1s exposed from this

portion. Alsc, poftions of the seal material 5 extending
along those two sides of the transparent conductive
substrate 3, respectively, are bonded onto the exposed
portion of the transparent substrate 3a (refer to FIG. 1).
Although an illustration i1s omitted in FIG. 4, the

counter electrode 4 also has the same planar shape as

that of the Transparent conductive layer 3b (refer to TIG.
1}. An inlet 8 which is used for filling of the
electrolyte layver 6 and will ke finally caulkad is
provided in one counter portion of the transparent
conductive substrate 3.

[0045]

The dye supporting porous titanium oxide layers Za
to 2d are formed so as to display predetermined colors,
respectively, in accordance with selection of & thickness,
z lamination structure, a particle diameter of the
titanium oxide fine particles or a combination ratio of

two or more kinds of titanium oxide fine particles when



in particle diameter from one another according to colors with which a
pattern to be displayed on the light receiving surface of the dye-sensitized
solar cell is stained. 0046] For example, when the pattern to be displayed
on the light receiving surface is set as a green system colored pattern,
the dye supporting porous titanium oxide layers 2a to 2d are made to
have any of the following structures (1) to (4), thereby allowing the dye
supporting porous titanium oxide layers 2a to 2d to display any of four

Kirds ot-greenrsysten €ofors «( ) d.ight green (olearcoler) Acporoisthe two
titanium oxide layer having a thickness of 3 pm and made of titanium
woxidefine partittesolaving an particle:dizmetenef alzout 20inm (2) Gfeerent
slightly deeper than the color (1) (clear color) A porous titanium oxide
Jayersraving a thicknessof 6rum andemate ol titaninm oxitlefing particles: s
having a particle diameter of about 20 nm (3) Green deeper than the

"ehldr (25 {ridt cledids- eolbry A IBfminetiv stiRture cobifosedddfla porous

receiving surface oI the dye-sensitized solar cell is
stained.
[0046]

For example, when the pattern to be displayed on
the light receiving surface is set as a green system
colored pattern, the dye supporting porous titanium oxide
layers Za to 2d are made to have any of the following
structures (1) to (4), thersby allowing the dye
supporting porous titanium oxide lavers Z2a to 24 to
display anv of four kinds of green system colors.

{1} Light green (clear color)

A porous titanium oxide layer having a thickness of
3 um and made of titanium oxide fine particles having a
particle diameter of about 20 nm

(2) Green slightly deeper than the color (1) (clear
color)

A porous titanium oxlide layesr having a thickness of
6 um and made of titanium oxide fine particles having a
particle diameter of zbout 20 nm

{3) Green deeper than the coclor (2) (not clear



titanium oxide layer having a thickness of 3 um and made of titanium
oxide fine particles having a particle diameter of about 20 nm, and a
porous titanium oxide layer lying the above porous titanium oxide layer,
having a thickness of 3 um and made of titanium oxide fine particles
having a particle diameter of about 400 nm (4) Deep green (not clear
color) A porous titanium oxide layer having a thickness of 3 pm and made
of titanium oxide fine particles having a particle diameter of about 20 nm,
caricha porous titanium oxide layer overlying the above porous titanium
oxide layer, having a thickness of 6 um, and made of titanium oxide fine
particlesthavaing afarticle siiameten of abouto 26 ¢1in afd4ditaniumuexide
fine particles having a particle diameter of about 400 nm, and containing
tthérein 20 Wi%e deombiirationsratioptitaniumi oxideSihecgarticles havihgrade
the particle diameter of 400 nm Next, a description will be given with
Fespectid ameéthod df marufactifing #ie dyetsensitized solat et
004.7] Firstly, as shown in FIG. 3, the portion of the area, inthe
ransp FentTonaticiive layerl, eXtEhdind 26 “Aléng the two'Sides of the
frans aqent conductive substrate 1 which are made at a riglht angle with .
LRt 1ying tThe above porous tlianium oxide “layvelr, having
a thickness cof 3 pm and made cf titanium oxide fine
particles having a particle diameter of about 400 nm
{4) Deep green (not clear color;
A porous titanium oxide layer having a thickness of
3 pm and made of titanium oxide fine particles having a
particle diameter of about 20 nm, and a porous titanium
oxide laver overlying the above porous titanium oxide
laver, having a thickness <of & um, and made of titanium
oxide fine particles having a particle diameter of about
20 nm and titanlum oxide fine particles having a particle
diameter of about 400 nm, and containing therein 20 wt%
{combination ratio) titanium oxide fine particles having
the particle diameter of 400 nm
Next, a description will be given with respect to a
method of manufacturing the dye-sensitized sclar cell.
[0047]

Firstly, as shown in FIG. 3, the portion of the

area, 1n the transparent conductive laver 1lb, extending



other is removed, and thus the transparent substrate is is exposed from
that portion. [0048; Next, a paste having titanium oxide fine particles
having a predetermined particle diameter, dispersed therein is applied
onto the transparent conductive layer %b of the transparent conductive
substrate 1 predetermined times so as to have a predetermined
thickness in accordance with pattern shapes of the dye supporting porous
titanium oxide layers 2a to 2d to be formed, and the colors which the dye
SUPRErting:pereys stitapkin oxidedayers-2a-to-2d are-tondisplayy e
respectively. [0049] When the color (1) described above is desired to be
displayed,shé pastein whiechrthel itanium axidenfinexrparticles haviagdhe
particle diameter of about 20 nm are dispersed is applied so as to have a
dhicknesss whichowiicbecame 3y dfter burming whichwilkbe teseribed. &
later. [0050] in addition, when the color (2) described above is desired to
e gispraged, theogaste im-whichtthetitanium 47 oxide fine particles
rhavingw the particle diameter of about 20 nm are dispersed is applied so
a&tbhave a

Next, a paste having titanium oxide fine particles
having & predetermined particle diameter, dispersed
therein is applied cnto the transparent conductive layer
1b of the transparent conductive substrate 1
predetermined times so as to have a predetermined
thickness in accordance with pattern shapes of the dye
supporting porous titanium oxide lavers Za to 2Zd to be
formed, and the ccleors which the dye supporting porous
titanium oxide lavers Za to 2Z2d are to display,
respectively.
100493

When the color (1) described above 1s desired to be
displayed, the paste in which the titanium oxide fine
parfticles having the particle diameter of about 20 nm are
dispersed 1s applied s0 as to have a thickness which will
become 3 um after burning which will be described later.
[0050]

In addition, whnen the color (2) described above is

desired to be displayed, the paste in which the titanium



thickness which will become 6 pm after the burning which will be
described later. in this case, the paste having a desired thickness either
may be applied only one time or may be applied in twice. [0051] In
addition, when the color (3) describedﬁbove is desired to be displayed,
after the paste in which the titanium oxide fine particles having the

particle diameter of about 20 nm are dispersed is applied to have a
thickness which will become 3 pm after the burning which will be
sleseebed latep, a-paste 4 whichithe titaniwn oxide: finespartistes:having
the particle diameter of about 400 nm are dispersed is applied onto that
Faste s@ asrio have ajthigknessavhich wilbhecome 3 pm afteriibe busning
which will be described later. [0052] In addition, when the color (4)
tdescrbed abeve i desired e bertisplayed, after the: pastednmwhich thei ch
titanium oxide fine particles having the particle diameter of about 20 nm
va¥e disperséd israpptiedtd have althickhess which willllsecdontd 8 praafteg 2
the burning which will be described later, a paste in which the 48 titanium
Gxide fife particlesiavifg thepattitle tfarfietet oF 8b6t20 ARE ahdhe ©F

titanium oxide fine L
may be applied 1n twice.

[0051]

In addition, when the color (3) described above 1s
desired to be displayed, after the paste in which the
titanzum coxide fine particles having the particle
diameter of about 20 nm are dispersed is applied to have
a thickness which will become 3 pm after the burning
which will be described later, z paste in which the
Titanium oxide fine particles having the particle
diameter of about 400 nm are dispersed is applied onto

that paste so as to have a thickness which will become

[}

um after the burning which will be described later.
[0052]

In addition, when the color (4) described above 1s
desired to be displayed, after the paste in which the
titanium oxide fine particles having the particle
diameter of about 20 nm are dispersed is applied to have
a thickness which will become 3 um after the burning

wnich will be described later, a paste in which the



particles having the particle diameter of about 400 nm are dispersed at a
ratio of containing 20 wt% titanium oxide fine particles having the particle
diameter of about 400 nm is applied onto that paste so as to have a
thickness which will become 6 pm aft Ethe burning which will be
described later. In this case, the paste, having a desired thickness, in
which the titanium oxide fine particles having the particle diameter of,
about 20 nm, and the titanium oxide fine particles having the particle
wiameterof about 400 nm arerdispersedreither say.be rappliedonly one
time or may be applied in twice. [0053] Although A to D of FIG. 5 show the
thseavherecpasies B 16 Rdwgorsesponding:-totthe idye Suppoeing perous
titanium oxide layers 2a to 2d, respectively, are applied in order as an
rexahiple cthetordengf application of theseé! pastes PLoto P4isiao dbfectn
[0054] Next, the transparent conductive substrate 1 onto which the pastes
FetgiPA e apPlied intthedpredetemiiad- pattens, F€spectively Cithem
manner as described above is burnt at a tempera ure of 450 to 650 for
BKAATDIE AT thardblsiteriig The Btamimikide e partiiest 56055]
about 400 nm is applied onto that paste so as Lo have a
thickness which will become & um after the burning which
will be described later. In this case, the paste, having
a desired thickness, in which the titanium oxide fine
particles having the particle diameter of about 20 nm,
and the titanium coxide fine particles having the particle
diameter of about 400 nm are dispersed either may be
applied only one time or may be applied in twice.

[0053]

Although A to D of FIG. 5 show the case where
pastes Py to P, corresponding to the dye supporting porous
titanium oxide lavers 2a to Z2d, respectively, are applied
in order as an example, tThe order of application ol these
pastes Py to Py is no object.

[0054]

Next, the transparent conductive substrate 1 onto

which the pastes P to Py are applied in the predetermined

patterns, respectively, in the manner as described above

is burnt at a temperature of 450 to €50°C, for example,



Next, the transparent conductive substrate 1 in which the titanium oxide
fine particles are sintered in such a manner, for example, is immersed in
the dye liquid solution, thereby causing the titanium oxide fine particles to
support the sensitizing dyes. In such a_.manner, the dye supporting
porous titanium oxide layers 2a to 2d are formed. [0056] On the other
hand, as shown in FIG. 4, after the counter electrode 4 is formed on the
transparent conductive layer 3b of the transparent conductive substrate

2 porionssaftbe-areas,indhe countenrelecitote 4 and the fransparent
conductive layer 3b, extending along the two sides of the transparent
condadtive substrate 3 which are made at a right angle with each other

are removed, and thus the transparent substrate 3a is exposed from

these portioits. 0057 Next) tre transparenticoriductive 'substratesl andn

the transparent conductive substrate 3 are disposed in such a way that
waechiof Hhe dye Supportingrpcteus titaniint 6xideé $ayers 2ato17de ahid the
counter electrode 50 4 face at a predetermined distance, for example, at
S dlistanée o fo 160 UnT Sreferably ot a'diSGheeof 4itotne dye ligquid

solution, thereby causing the titanium oxide fine
particlies to support the sensitizing dyes. In such a
manner, the dye supporting porous titanium oxidse lavers
2a to 2d are formed.

[G05%]

On the other hand, as shown in ¥IG. 4, after the
counter electrode 4 is formed on the transparent
conductive layer 3k of the transparent conductive
substrate 3, portions of the areas, in the counter
electrode 4 and the transparent conductive layer 3b,
extending along the two sides of the transparent
conductive substrate 3 which are made at a right angle
with each other are removed, and thus the transparent
substrate 3a i1s exposed from these portions.

[0057]

Next, the transparent conductive substrate 1 and
the transparent conductive substrate 3 are disposed in
such a way that each of the dye supporting porous

titanium oxide lavers Za to Zd, and the counter electrode



50 um each other, and the transparent conductive substrate 1 and the
transparent conductive substrate 3 are shifted from each other by a in the
x-axis direction, and b in the y-axis direction. Also, a space which is to be
enclosed with the electrolyte layer 6 i% gefined between the transparent
conductive substrate 1 and the transparent conductive substrate 3 by the
seal material 5, and the electrolyte layer 6 is filled in the space through

the inlet 8 which, for example, is formed in the transparent conductive
substrates3 inagvanie: Aftel that, dhe inlat-Bis cautked: Aga sesult; the
desired dye- sensitized solar cell is manufactured. [0058; Next, a
adlescaption will Be givenOWithirespecttos antoperatiorsofithewdye=sensitized: o
solar cell. [0059] A light made incident to the light receiving surface of the
Iransparanticondbetive sulsstiate 1tis atrarsmited tirough the transparent
conductive substrate 1 to be made incident to the dye supporting porous
FHRTHGRESEdE layets Pacto DEFiR ShRK A hafRed Thiel ghtsnaas ficident

to the dye supporting porous titanium 51 oxide Iaﬁers 2a to 2d excites the
Fehsitizing dyes o the SAye sGppsiting Pofousttitanitiniosite Yayers 2atoCn
2dto. | , [ _ , ,

and b 1n the y-axis direction. Alsoc, a space which is to
be enclosed with the electrolyte laver ¢ is defined
between the transparent conductive substrate 1 and the
Transparent conductive substrate 3 by the seal material 5,
and the electrolyte layer ¢ is filled in the space
through the inlet 8 which, for example, is formed in the
transparent conductive substrate 3 in advance. After that,

the inlet 8 is caulked. As a result, the desired dye-

sensitized scolar cell is manufactured.

Next, a description will be given with respect to
an operaticn of the dye-sensitized sclar cell.
[0052]

. 1ight made incident toc the light receiving
surface of the transparent conductive substrate 1 is
transmitted through the transparent conductive substrate
1 to be made incident to the dye supporting porous
titanium oxlde layers Za to 24 in such a manner. The

light made incident to the dye supporting porous titanium



generate electrons. The electrons are speedily delivered from the
sensitizing dyes to the titanium oxide fine particles of the dye supporting
porous titanium oxide layers 2a to 2d. On the other hand, the sensitizing
dyes which have lost the electrons receive electrons from ions in the
By .

electrolyte layer 6, and molecules whith have delivered the electrons
receive electrons again on the surface of the counter electrode S. An
electromotive force is generated between the transparent conductive

skibstrates1; electrically connegtedto-eachrof the gdye tsupposting paroys +he
titanium oxide layers 2a to 2d, and the transparent conductive substrate 3
drraceardance with therseres ofreactions: :The=photoelestricacanversion o

is carried out in the manner as described above. [0060] In the
gyessensitizetdsolarcced!, in Additiohdo ttherabovedhasichmction asthecred
solar cell, the stained pattern based on the pattern shapes of the dye
Suppofting porousttitaniui dxide |ayersZa to 2daandnthe €bfbes Twhieh

the dye supporting porous titanium oxide layers 2a to 2d display,
Téspeciively, ean basviéwed SwisiCthe dye- Bersitifed s6Rf eeMisviewdd

from the outside. 52 0061] As set forth hereinabove, according to the first
layers Za to Zd. Cn” the other hand, the sensifizing dyes

which have lost the electrons receive electrons from ions
in the electrolyte layer 6, and molecules which have
delivered the electrons receive electrons again on the
surface of the counter elesctrode 5. An electromotive
force is generated between the transparent conductive
substrate 1 electrically connected to each of the dye
supperting porcus titanium coxide layers Za te 2d, and the
transparent conductive substrate 3 in accordance with the
series of reactions. The photoelectric conversion is
carried out in the manner as described above.

[COB0]

In the dye-sensitized solar cell, in addition to
the above basic function as the solar cell, the sitained
pattern based on The patiern shapes ¢f the dye supporting
porous titanium oxide lavers Za to 2d, and the colors
which The dye supporting porous Titanium oxide lavers Za
to 2d display, respectively, can be viewed when the dye-

sensitized solar cell is wviewed from the ocutside.



embodiment, it is possible to realize the dye-sensitized solar cell which
can obtain the high photoelectric conversion efficiency, and can be
manufactured at the low cost similarly to the conventionally known
dye-sensitized solar cell, and in addi%'%n thereto in which the desired
stained patterns can be displayed by the dye supporting porous titanium
oxide layers 2a to 2d, respectively, whereby a viewer can get a good
feeling when the dye- sensitized solar cell is installed in the place which
meetsthe eyes of the human being, and thus which is superior in the
design property. [0062] <Example 1> An FTO substrate (having a sheet
resistance;ok:3 DO} for arcamorphatis=solarcell miade by NippontSheet
Glass Co., Ltd., in which an FTO film was formed on a glass substrate
dravingia¢hickness of ps svdslprocessedk Intoa dquard shapernavingzad
size of 206 mm x 206 mm, and ultrasonic cleaning was carried out by
Usiig acetohe W alcohokan alkak systeftcleaningriguid ahdanrapgure
water in order, and drying was sufficiently carried out. This FTO substrate
G§uEed asBachiof the franspartit CoHdueive SubstFstEs 1%nPs. 83ie Low

100631 A portion of an area, having widthsofa=b=1.5 o ~
cost gimilarly to the conventionally known dye-sensitized

solar cell, and in addition thereto in which the desired
stained patterns can be digplayed by the dye supporting
porous titanium oxide lavers Za to 2d, respectively,
whereby a viewsr can get a gocod feeling when the dye-
sensitized solar cell is installed in the place which
meets the eyes of the human being, and thus which is
superiocr in the design property.
[0062] <Example 1>

An FTO substrate (having a sheetf resistance of 10
Q/0) for an amorphous sclar cell, made by Nippon Sheet
Glass Co., Ltd., in which an FTO film was formed on a
glags substrate having a thickness of 4 mm was processed
into a square shape having a size of 206 mm x 206 mm, and
ultrasonic cleaning was carried cut by using acetone,
alcohol, an alkali svstem cleaning ligquic, and ultrapure
water in order, and drving was sufficilently carried out.
This FTOC substrate 1s used as each of the transparent

conductive substrates 1 and 3.



mm in the PTO film, extending along two sides of the PTO substrate as

the transparent conductive substrate "I which are made at a right angle
with each other is removed by laser beam radiation (laser etching), and
thus the glass substrate is exposed f% m this portion. 0064] Next, a paste
in which the titanium oxide fine particlés having the particle diameter of
about 20 nm are dispersed is screen-printed on the PTO film of the PTO
substrate by using a screen having a pattern show in FIG. 6 so as to have
athickness which will become 3 pm after burning which will be described
later. A pattern having a black color of the screen shown in FIG. 6 is the
pattern 1o be ptinted. & addition325imeshscreen was used:=as: this= 1.5
screen. Those also apply to screens shown in FIGS. 7 to 9, respectively.
niferer:thenpattéty of this scregreisd obtaired by nimor-eevétsing thehe FTO
corresponding pattern in the pattern which is viewed when the light
FeEEiVIngt sudace bEtherdyeasensitized-solacdllisvienes froat ahe wnich
outside. This also applies to patterns of the screens shown in FIGS. 7 to
¥ Pedppettively. fOO657 B RRXE: B paste it ARt the tffardiinF 6888 fine™Y

articles having the particle diameter of abqut 20 nm are
aser beam Iadiation (laser etching), and thus the glass

substrate is exposed from this portion.
[GOB4)

Next, a paste in which the titanium oxide fine
particles having the particle diameter of about 20 nm are
dispersed is screen-printed on the FTC film of the FTO
substrate by using & screen having a pattern show in FIG.
& s0 as to nave & thickness which will become 3 um aftex
burning which will be described later. A pattern having a
bilack color of the screen shown in FIG. 6 is the pattern
to pbe printed. In addition, 3Z25-mesh screen was used as
this screen. Those also apply To screens shown in FIGS. 7
to 9, respectively. Here, the pattern of this screen is
obtained by mirror-reversing the corresponding pattern in
the pattern which i1z viewed when the light receiving
surface of the dye-sensitized sclar cell is viewed from
the ocutside. This also applies to patterns of the screens
shown in FIGS. 7 to 9, respectively.

[0065]



dispersed is screen-printed on the FTO film of the FTO substrate by using
a screen having a pattern shown in FIG. 7 so as to have a thickness

which will become 3 um after the burning which will be described later.
Next, a paste in which the titanium 0x d?e fine particles having the particle
diameter of about 20 nm are dispersed similarly to the above case is
screen-printed by using the same screen as that of the above case so as

to have a thickness which will become 3 ym after the burning which will

be descriked |ater. PR66LNext, arpaste imwhich:tha titanivm:ioxde fine
particles having the particle diameter of about 20 nm are dispersed is
scredn:printedsan the ETO filmrafihe £ T0 ssubistratecby sbing@a S€reen zre
having a pattern shown in FIG. 8 so as to have a thickness which will
‘begoare 8dumsafter rtherburming - Nextra paste if Whichlthedifariuem &Xide
fine particles having the particle diameter of about 400 nm are dispersed
Hipay: tothevabovetase i$ Séreeh- palitedbyeushiy fifersanméstreeh sof G-
as to have a thickness which will become 3 ym after the burning. [0067]
55°Next, & paSteVii which thesti@antunt oxide fihe-partielesHavingthe® = -er

Jparticle diameter of about 20 nm are
the burning which will be described later. WNext, a paste

in which the titanium oxide fine particles having the
particle diameter of about 20 nm are dispersed similarly
to the above case 1s screen-printed by using the same
screesn as that of the above case s0 as to have a
thickness which will become 3 um after the burning which
will be described later.
[0C66]

Next, a paste 1in which the titanium oxide fine

e diameter of about 20 nm are

},.._J

particles having the partic
dispersed 1g screen-printed on the FTO film of tThe FTO
substrate by using a screen having a pattern shown in FIG.
€ so as to have a thickness which will become 3 um after
the burning. Next, a paste in which the titanium oxide
fine particles having the particle diameter of about 400
nm are dispersed similarly tc the above case is screen-
printed by using the same scresn s0 as to have &
thickness which will become 32 um after The burning.

[0067]



dispersed is screen-printed on the FTC film of the FTC substrate by using
a screen having a pattern shown in FIG. 9 so as to have a thickness
which will become 3 pm after the burning which will be described later.
Next, a paste in which the titanium OEide fine particles having the particle
diameter of about 20 nm, and the titartium oxide fine particles having the
particle diameter of about 400 nm are dispersed at a ratio of containing
20 wt% titanium oxide fine particles having the particle diameter of about.

400 rm igjsgreenzprinied Hyusing thersarme sereen, agthat.ofdhe abgue
case so as to have a thickness which will become 3 um after the burning.
iNexdt & pasteninvyihich-the tifanium-oxide fiae pasticles having the (particlere
diameter of about 20 nm, and the titanium oxide fine particles having the
Pparticle deameter of abeut-400. mne are dispeesedisimilatly: te thecalsover ©
case at a ratio of containing 20 wt% titanium oxide fine particles having

e paiticle diameter sbalfout 4004 Is2gcreen-printeidt by usigthie same 1G.
screen as that of the above case so as to have a thickness which will
PHetonies3 tn BftEFt_ hetBafiig J6068158: Next the FTC substidteoht = *

which the pastes are screen- prlnted in the Eredetermlned pattern shapes,
the burning which will described later Next, a paste

in which the titanium oxide fine particles having the
particle diameter of about 20 nm, and the titanium oxide
fine particles having the particle diameter of about 400
nm are dispersed at a ratic of containing 20 wt% titanium
oxide fine particles having the particle diameter of
about 400 nmm s screen-printed by using the same screen
as that of the zbove case s0 as to have a thickness which
will become 3 um after the burning. Next, a paste in
which tThe titanium oxide fine particles having the
particle diameter of about 20 nm, and the titanium oxide
fine partvicles having the particle diameter of about 400
nm are dispersed similarxly to the above case at a ratio
of containing 20 wt% titanium oxide fine particles having
the particle diameter of about 400 nm is screen-printed
by using the same screen as that of the above case so as
T0 have a thickness which will become 3 um after the
burning.

[C0&8)



respectively, in the manner as described above is burnt in an electrical
furnace at a temperature of 510C for four hours to sinter the titanium
oxide fine particles, thereby forming a titanium oxide fine particle sintered
body. 0069] Next, for the purpose of r gnoving an impurity contained in
the titanium oxide fine particle sintered body formed in such a manner,
thereby enhancing the activity, ultraviolet exposure was carried out for
three minutes by using an excimer lamp. [0070] Next, after the titanium
oxide finegatticlensintered body wastimroersedina teHbustes are
alcohol/acetonitrile mixed medium (3 : 1 in volume) of 0.3 mM
dris@sothiocyanate)-iutheniin{ip2206'2!'ned pattern shapes,
terpyridine-4,4',4"-tricarbox_ylic acid-tritetra butyl ammonium salt (Black
Pye)ara roemitemperatufe for48: hoars, thereby icadsiagdie titanitmrnt
oxide fine particle sintered body to support the sensitizing dyes, the
ttamuntexiaé fineparticie siteredbctlyvamTy tHa: sensifizing dye thas
supported thereon was cleaned by 57 using acetonitrile, and was then
iied i 2darkplade. " TRE dyeSupportingPorsis dtaniurm oxie layersSa
g%é@eby forming a titanium oxlide fine particle sintered

hody.
[0069]

Next, for the purpose of remcving an Impurity
contained in the titanium oxide fine particle sintered
pbody formed in such a manner, thereby enhancing the
activity, ultraviolet exposure was carried out for thres
minutes by using an excimer lamp.

[0070]

ter the tTitanium oxide fine particle

{1l

Next, a
sintered body was immersed in a tert-butyl
alecohol/acetonitrile mixed medium (1 : 1 in volume) of
0.3 mM tris{iscthioccyanate) -ruthenium(Ii)-2,2": &7 ,27~
terpyridine-4,4’ 4" -tricarboxylic acid-tritetra butyl
ammonium salt (Black Dye) at a room tempesrature Lfor 48
hours, thereby causing the titanium oxide fine particle

sintered body ©o support the sensitizing dyesg, the

itanium oxide fine particle sintered body having the

t

sensitizing dye thus supported thereon was clieaned by



were formed in the manner as described above. [007' On the other hand,
the inlet having a diameter of 0.5 mm is formed in one corner portion of
the FTO substrate as the transparent conductive substrate 3. Next, after
an ethanol liquid solution of platinic chlgride is applied onto the FTO film
of the FTO substrate by using a spray, the burning is carried out in the
electrical furnace at a temperature of 450C for one hour to sinter the
platinum fine particles, thereby forming the platinum fine particle layer as
ihe counter elactroden Afterqthatpartiens ef-areas:in the platinupnfine.
particle layer and the FTO film, having widths of a =b = 1.5 mm,
Extending alongdwo:sides ot thesF TQ:substrateswhigh arevenagdezat acrighta
angle with each other are removed by the laser beam radiation (laser
wtching); anddthus thenglassnsubstrate is-exposeddramn these portions.
00721 Next, after an ultraviolet (UV) cure adhesive agent is applied as
thé deal material 5 on the counter electrode (platinum fine particle layer)
on the FTO substrate by carrying out the screen printing so as to 58

have a thigkrigss ofBOEpmiso that tHeepdwercollegting dpartidn ikeftan aof
Osize having an outer shape of 203 mm

5 mm is formed in one corner portion of the FTC
substrate as the transparent conductive substrate 3. Next,
2fter an sthanol iiguid sciution of platinic chloride is

applied ontc the FTO f£ilm of the FTO substrate by using a

spray, the burning is carried cut in the electrical

H

furnace at a temperature of 450°C for one hour to sinter

3

the platinum fine particles, thereby forming the platinum
fine particle laver as the counter electrode 5. After
that, porticns of areas in the platinum fine particle
layer and the FTO film, having widths c¢f a = b = 1.5 mm,
extending along two sides of the FT0 substrate which are
made at a right angle with each other are removed by the
laser beam radiation (laser etching), and thus the glass
substrate 13 exposed from these portions.

[COT2]

Next, after an ultraviolet (UV) cure adhesive agent

is appliled as the seal material 5 on the counter

i=h

electrode (platinum fine particle lavyer) on the FT

substrate by carrying out the =screen printing sc as to



x 203 mm, and a width of 1.5 mm, the FTO substrate having the dye
supporting porous titanium oxide layers 2a to 2d formed thereon is stuck

to the other FTO substrate through the UV cure adhesive agent. In this
connection, those FTO substrates arggstuck to each other so that they

are shifted from each other by 1.5 mm in the x-axis direction, and 1.5 mm

in the y-axis direction. After that, an ultraviolet light is radiated to the UV
cure adhesive agent, thereby causing the UV cure adhesive agent to

e, [00713] Omthesother bangdn0.045 g(9:1 med/L) ofsedivuan iedide g
(Nal), 1.11 g (1.4 mol/L) of 1-propyl-2,3-dimethyl imidazolium iodide, 0.11
1 mal/k) ot iodine: (12),s ane 0:081ig ¢0.2rmehit)cof sterpbutyt 203 mm
pyridine were dissolved in 3 g of methoxy propionitrile, thereby preparing
-ancéléctrolytecomposition[0074). Nextyithe eleetrbide coimposition having
described above was filled at a reduced pressure through the inlet formed
YA Oné XorrmeipoTtidn ot tio FTOssUbstrare Haviag the dourtarseléétréde <4
formed thereon to be statically placed within a pressurized vessel at 0.4
Meafifled WitheS9" nitfogentINR)* thereBy perteétly- filfing tiebfedtrlyte

composition in the inside of the space surrounded by the \
through the UV cure adhesive agent. In this connhection,

those FTO substrates are stuck to sach other so that they
are shifted from each other by 1.5 mm in the xz-axis
direction, and 1.5 mm in the y-axis direction. After that,
an ultraviolet light is radiated to the UV cure adhesive
agent, thereby causing the UV cure adhesive agent to cure.
[0073]

On the other hand, 0.045 g (0.1 mol/L) of sodium
iodide {(NzI), 1.11 g (1.4 mol/L) of l-propyli-2,3-dimethyil
imidazolium iodide, 0.21 g (C.15 mel/L) of ilodine (I:),
and 0.081 g (0.2 mol/L) of 4-tert-butyl pyridine were
dissolved in 3 g of methoxy propionitrile, thereby
preparing an electrolyte composition.

[0074]

Next, the electrclyte compesition described above
was filled at a reduced pressure through the inlet formed
in one corner porticn of the FTCO substrate having tThe
counter electrode formed thereson Lo be statlically placed

within a pressurized vessel at 0.4 MpPa filled with



two sheets of FTO substrates described above and the seal materials.
Next, the inlet was sealed with the UV cure adhesive agent and the glass
substrate, thereby obtaining the dye-sensitized solar cell. [0075] FIG. 10
shows an exterior appearance of the light receiving surface of the
dye-sensitized solar cell. in FIG. 10, the dye supporting porous titanium
oxide layer 2a displays the color (1) described above, the dye supporting
porous titanium oxide layer 2b displays the color (2) described above, the

rdye:supperting porayss titanjum-oxide layer 2¢ displays-the colerd3) o1yt e

described above, and the dye supporting porous titanium oxide layer 2d
lisplays theceolam(4) escribed abeve.-Huss aftowerupatterndsiained withe

the green system colors is displayed in accordance with the pattern
shapes and=oldrs1of these dyessupportag-padroas titdmium axide tdyerseal
2ato 2d. Here, a total area of the dye supporting porous titanium oxide
nayer2a2is 1680104 mm2ia total arearefithealyec supporting iporéiis cure
titanium oxide layer 2b is 7362.86 mm2, a total area of the dye supporting
W@%ﬁ@nﬂﬁﬁ%&id@%ﬁ@?@c‘ié@%QOW@W%d & fotdlcarga of tie ning
dye 60 supporting porous titanium oxide layer 2d is 17808.41 mmz.
6?ye—sem51tlzed solar cell.
[0075]

FIG. 10 shows an exterior appearance of the light
receiving surface cf the dye-sensitized solar cell. In
FIG. 10, the dye supporting porcous titanium oxide laver
Z2a displays the color (1) described above, the dye
supporting poerous titanium oxide laver Zb displays the
color (2) described above, the dye supporting porous
Titanium oxide lavyer 2c displays the color {3) described
above, and the dye supporting porous titanium oxide layer
2d displays the color (4) described above. Thus, a flower
pattern stained with the green system cclors is displayed
in accordance with the pattern shapes and colors of those
dye supporting perous Titanium oxide layers Za to 2d.
Here, a total area of the dye supporting porous titanium
oxilde laysr Za i1s 1680.04 mm®, a total area of the dye
supporting porous titanium oxide layer 2b is 7362.86 mm?,

a tctal area of the dye supporting porcus titanium coxide

laver Z2c is 262C.72 mmz, and a total area of the dye



The open voltage, the short-circuit current, the fill factor, and the
photoelectric conversion efficiency in a phase of radiation of a light
guantity which is (1/10) of a pseudo-solar light (AM 1.5, 100 mW/cm?2) of
the dye-sensitized solar cell of Example | were measured. As a result,
the open voltage was 0.653 (V), the s ort- circuit current was 1.02

- (mA/cm2), the fill factor was 51.4 and the photoelectric conversion
efficiency was 3.43 (0). FIG. 11 shows current-voltage characteristics of

she gye-sensitized splar cell[007] Nextia dyessensitized-solaneell ;1 2,
according to a second embodiment of the present invention will be
described. [0078] In this dye-sensitized solar cell, in the dye- sensitized

solar cell according to the first embodiment, the e_ectrolyte layer 6 is
composeithef amelectrolyte: ccompositiem whichccontains therein:iodine; he
contains therein a compound which has at least one isocyanate group
{-NCOJ antwhick sditalbly -feirther ebrtainst <hereinv at keast oré D miarecy
nitrogen containing functional 61 groups in the same molecule in addition

16 tie BRfeaSt ©helisstyahate: gfoup: ahddlitherconitaing thidreial s
(1/10) of a pseudo~solar light (&AM 1.5, 100 mW/cm®) of the
dye-sensitized solar cell of Example 1 were measured. AS
a result, the cpen voltage was 0.653 (V), the short-
circuit current was 1.02 (mA/cm?), the fill factor was
51.4 (%), and the photoelectric conversion efficiency was

3.43 (%). FiIG. 11 shows current-voltage characteristics

of the dye-sensitized sclar cell.

Next, a dye-sensitized solar cell according to a
second embodiment of the present invention will be
described.

[0078]

In this dye-sensitized solar cell, in the dye-
sensitized sclar cell according t¢e the first embodiment,
the electrolyte layer & is composed of an electrolyte
composition which contains therein iodine, contains
therein a compound which has at least one isocyanate
group (~NCO) and which suitably further contains therein

at least cone or more nitrogen containing functional



compound containing therein at least one or more nitrogen containing
functional groups in addition to this compound. Although there is
especially no limit to the compound having at least one or more
isocyanate groups (-NCO), the compound concerned is preferably
compatible with a solvent of an electrgljyte, an electrolyte salt, and other
addition agents. Although the compound containing at least one or more
nitrogen containing functional groups is suitably an amine system

sompound; the, present. embadiment is\by. Ae means limited,thereto; ¢ o s«
Although there is especially no limit to the amine system compound, the

@minesystem gompoundds preferably campatibleswitha solwentiof an
electrolyte, an electrolyte salt, and other addition agents. The nitrogen
cantainimg funetionab graup: is made totexistdegetherwiih the cempoundgen
having at least one or more isocyanate groups, which especially, largely
contributesito dnircréaseih openyoitage of the dyersensitized solapmplhund.
Any of the compounds previously stated can be used as the compound
Mabingar |ddst bhe bF ncreg9s6cahaté groupst [0079] Any of HHE mdtters
other than the foregoing is 62 similar to that in the dye-sensitized solar
kt‘%ﬂjﬁ(ifccﬁ*iﬁlirfge’t%’ﬁtﬁe first efibdtfirent Socyanate groups (-NCO), the

compeound concerned is preferably compatible with a
soilvent of an =lectrolyte, an electrolyte salt, and other
aaddition agents. Although the compound containing at
least one or more nitrogen containing functional groups

is sultably an amine system compound, the present
embodiment i1s by no means limited thereto. Although there
is especially no limit To the amine system compcund, the
amine system compound is preferably compatible with a
solvent of an electrolyie, an electrolyte salt, and other
addition agents. The nitrogen containing functional group
is made to exist together with the compound having at
least one or more isocyanate groups, which especilally,
largely contributes to an increase in open voltage of the
dve-sensitized solar cell. Any of the compounds
previcusly stated can be used as the compound having at
least one or more lsocyanate groups.

[GCT9)

Any of the matters other than the foregoing is



[0080] According to the second embodiment, in addition to the same
advantage as that in the first embodiment, an advantage can be obtained
such that the electrolyte layer 6 is made of the electrolyte composition
containing therein the component having at least one or more isocyanate
groups to allow both the short-circuit &drrent and the open voltage to be
increased, thereby making it possible to obtain the dye-sensitized solar
cell having the very high photoelectric conversion efficiency. [0081]

shxample 2> inxampled, dn preparing-the electrolyte ;compesition, in
addition to 0.045 g (0.1 mol/L) of sodium iodide (Nal), 1.11 g (1.4 mol/L)

ot d=propyk2 3-dimethyl: imidazeliwa iegide, 0.11 g (0.15 mot/L) of iodine
(12), and 0.081 g (0.2 mol/L) of 4-tert-butyl pyridine, 0.071 g (0.2 mol/L)

of phényl isocyanate was dissolved in 3 g of methoxy propionitrile. Others
were similar to the case of Example 1, and under such a condition, the
dye-senditizet: Sofay cell wassobstairet [6082} Next e desceriptiod will be to
given with respect to a 63 paper-covered night light type dye-sensitized
Sofar telicadcordingitos tirdermbodifent of fHetpresetbinventor., an

advantage can be obtained such that the electrolyte laver
& 1s made of the electrolyte composition containing
therein the component having at least one or more
isocyanate groups to allow both the short-circuit current
and the open voltage to be increased, thereby making 1t
possible to obtain the dye-sensitized solar cell having
the very high photoelectric conversion efficiency.
{0081] <Example 2>

In Example 1, in preparing the electrolvte
composition, in addition to (G.045 g (0.1 mol/L) of sodium
iodide (NaI), 1.11 g (1.4 mol/L) of l-propyl-Z,3-dimethyl
imideazolium iodide, 0.11 g (0.15% mol/L) of iodins (I,
and 0.081 ¢ (0.2 mol/L) of 4-tert-butvl pyridine, $.071 ¢
(0.2 mol/L) of phenyl isocyanate was dissolved in 3 g of
methoxy proplonitrile., OQOthers were similar to the case of
Example 1, and under such a condition, the dye-sensitized
solar cell was obtalned.
[00g2]

Next, a description will be given with respect to a



[0083] FIG. 12 shows the paper-covered night light type dye-sensitized
solar cell. As shown in FIG. 12, the paper-covered night light type
dye-sensitized solar cell has a box-like shape in which four side surfaces
are composed of four panel-like dye-glgnsitized solar cells 11 to 14. Each
of the dye-sensitized solar cells 11 to 14 is the same as the

dye-sensitized solar cell. according to the first embodiment, and thus the
same stained pattern as that in Example 1 is shown in each of light
gegeivingo surfaces obthe dyessensitized splar-cellssllto 4 [00841rFia11
13 is an exploded perspective view in a state in which the dye-sensitized
sotareglls d 1--cozl4-arer detached from the paper=covered might dightitypen .
dye- sensitized solar cell. As shown in FIG. 13, an inner box 16 is

adapted to be detachably accommodated in the inside of a box-like frame
15 to which the dye-sensitized solar cells 11 to 14 are adapted. [00851 A
box-like base '7iRavihgah openedaipper soiface ds pravided irva toweire
portion of the frame 15. A jack 18 64 becoming an output terminal of the
Péperebiéieddfght figRLtype tye-sérisifizsttsolai célfis provided s one

paper~covered night light type dye~sensitized solar cell
has a box-like shape in which four side surfaces are
composed of four panel-like dye-sensitized sclar cells 11
to 14, Each of the dye-sensitized solar cells 11 fo 14 is
the same as the dye-sensitized solar cell according to
the first embodiment, and thus the same stained pattern
as that in Example 1 is shown in each of light receilving
surfaces of the dye~sensitized sclar cells 11 to 14.

(00847

Fx

FIG. 13 is an exploded perspective view in a state
in which the dye-sensitized sclar cells 11 to 14 are
detached from the paper—-covered night light type dye-
sensitized solar cell. As shown in FIG. 13, an inner box
16 is adapted to be detachably accommodated in the inside
of a box-like frame 1: to which tThe dye-sengitized solar
cells 11 to 14 are adapted.
[0085]

A box-like base 17 having an opened upper surface

is provided in a lower portion of the frame 15. A jack 18



side surface of the base 17. The jack 18 is connected to an electric
battery box which will be described later through a wiring 19. [00861 The
inner box 16 has four support posts 20 to 23. Details of a corner portion
of an upper portion of the inner box ,are shown in FIG. 14. As shown in
FIG. 13 and FIG. 14, a metallic plate 24 is mounted on the support posts
20 to 23 by using screws 25, and a top plate 26 is mounted on the
metallic plate 24. A socket 27 is mounted to a central portion of a lower
satfacerof the, metalliccplate-24.-and arr electriglight bully 28 is: dneunted
to the socket 27. The electric light bulb 28 is used for an illumination for
thepaper-cevered-rights lightAype slyésenskizéd solarcelti Aaviring 28ris
connected to the socket 27. One support post 22 of the support posts 20
1623 is'cofmposed of & kollowemelallic fd: Thewirihg 29spassesamiderat o
low surface of the metallic plate 24, further passes through the inside of
3he SUBPOIT post2Z Habligh whale DPA providedsn Asside Sipface®tan
upper portion of the support post 22, and is taken out from a lower portion
‘ot 8tipFort post2 g *to be connected to a portion (not shown) for
conn%?tion to the electric battery box which will be described later.

(008

The inner box 16 has four support posts 20 to 23.
Detalls of a corner portion of an upper porticn of the
inner box 16 are shown in FIG. 14. As shown in FIG. 13
and FIG. 14, a metallic plate 24 is mounted on the
support posts 20 to 23 by using screws 25, and a top
plate 26 is mounted on the metallic plate 24. A socket 27
18 mounted to a central porticn of a lower surface cof the
metalilc plate 24, and an electric light bulb 28 is
mountaed to the socket 27. The electric light bulb 28 is

used for an illuminaticn for the paper-coversd night

e

light type dye-sensitized solar cell. A wiring 2% is
connected To tThe socket Z7. One support post 22 of the
suppoert posts 20 to 23 i1s composed of & hollow metallic

rod. The wiring 29 passes under a low surface of the

metallic

e

late 24, further passes through the inside of
the support post 272 through a hole zZzZa provided in a side
surface of an upper porticn of the support post 22, and

is taken out from a lower portion of the support post 22



A box portion 30 having an opened upper surface and an opened lower
surface is provided in the lower portions of the support posts 20 to 23.
The box portion 30 is adapted to be fixed to the base 17 provided in the
lower portion of the frame 15. A recess portion 30a for preventing
abutment of the jack 18 provided in tie’base 17 is provided in one corner
portion of an electric battery box accommodating portion 30. [0087] The
electric battery box 31 is provided inside the base 17 provided in the

dowerpertionof the frame, 13,4 trechargeablesbatiery (retshowmder i on

storing therein an electric energy generated by the dye-sensitized solar

cellg 43 te 144ds mounied tethe electrigibatierybox 3beAsshewniaFlGater.
15, a square-shaped hole 31a is provided in one side surface of the

relecteic patterycbox381 nand agsqguaresshapedhole: 1 7a is-providethin aan
portion of one side surface of the base 17 corresponding to the hole 31a.
#Fpustibutter switch 324s previded inside thenhdle 3 Lacofihe elections of
battery box 31. While the switch 32 is held in an ON state, a current is
catsedrpiiow fiom the Zechargeable Bagtelyowithin tiie electic battergapted
box 31 66 to the electric light bulb 28 through the wiring 29 to turn ON

e BRclrictight bulb 28. Wiile the siiteF3zed in the lower portion

of the frame 15. A recess porticn 30a for preventing
abutment of the jack 18 provided in the base 17 is
rovided in one corner portion of an electric battery box
ccommodating portion 30.

[oog7]

The electric battery box 31 is provided insice the

base 17 provided in the lower porticn of the frame 15. A
rechargeablie battery {not shown) for storing therein an
electric energy generated by the dyve-sensitized sclar
cells 11 to 14 is mounted to the slectric battery box 31.
As ghown in FIG. 15, a sguare~shaped hole 31la is provided
in one side surface of the electric battery box 31, and a
sgquare-shaped hcole 17a 1s provided in a portion of ona
side surface of the base 17 corresponding tc the hole 3la.
A push-button switch 22 is provided inside the hole 3la
of the electric battery box 31. While the switch 32 is
held in an ON state, a current is caused to flow from the

rechargeable battery within the electric battery box 31



is held in an OFF state, the current is cut off between the rechargeable
battery and the electric light bulb 28, and thus the electric light bulb 28 is
not turned ON. Normally, the switch 32 is held in the OFF state. [0088] A
wiring 33 which is connected to an output terminal of the four
dye-sensitized solar cells 11 to 14 is fi%ed to the frame 15. The wiring 33
is connected to the electric battery box 31, and thus the electric energy
generated in the dye-sensitized solar cells 11 to 14 is adapted to charge

dhe rechargeable hattery, within.the etectric battary box 31 through.the;

wiring 33. [00891 Next, a description will be given with respect to an
iexample of adnethed-of using the-papercovered pight Jightypgs it ch 32

dye-sensitized solar cell. [0090; The paper-covered night light type
dyersensitizeda solar eell teceives:the salardight and the indoor light-ir:-the
daytime, so that the electric power is generated by the dye-sensitized
tsofarcelis ddde=1.  hesaleectric energyrobtained through thépoivero 28,
generation is stored in 67 the rechargeable battery within the electric
Dattehybox 3k Wher the aight comesior; and thds thetrooay becomis
Normalily, the switch 32 is held in the OFF stats.

[008E8]

A wiring 33 which is connected to an output
terminal of the four dye-sensitized solar cells 11 to 14
is fized to the frame 15. The wiring 33 1s connected o
the electric battery box 31, and thus the electric energy
generated in the dye-sensitized solar cells 11 te 14 is
adapted to charge the rechargeable battery within the
electric battery box 31 through the wiring 33.

(00891

Next, a description will be given with respect to
an example of a method of using the paper-covered night
light type dye-sensitized solar cell.

[CO901?

The paper-covered night light type dye-sensitized
solar cell receives the solar light and the indoor light
in the daytime, so that the electric power 1s generated

by the dye-sensitized sclar cells 11 to 14. The electric

energy obtained through the power generation is stored in



dark, the switch 32 is turned ON. At this time, the current is caused to
flow from the rechargeable battery within the electric battery box 31 to the
electric light bulb 28 through the wiring 29 to turn ON the electric light
bulb 28, and as a result, the paper-covered night light type dye-sensitized
solar cell operates as the paper-cove%-d night light. [0091" In addition, the
paper-covered night light type dye-sensitized solar cell can be connected
to an electronic apparatus or the like to be used by using the jack 18 of

tihe baserkirindhe napge-covered nighlight Hype dye-sensitized solay cellx
[0092] According to the third embodiment, not only the dye-sensitized
solar gelis111 te 14 age eachisupedar, inz the design prepertysbubatsertbe
paper-covered night light 'type dye-sensitized solar cell is composed of
dhekdye-sensitized:80laf celis 11 tmad. Therefare, itHs spassilde talobtain
the paper-covered night light type dye-sensitized solar cell which can
®btaierthe gl power gemefation éfficientcy frone thesindeoklightiaswelt v
68 because the photoelectric conversion efficiency of each of the
yebsénsitivedesctarcells TR R4 15 Righ, add ©0 the electric light
bulb 28 through the wiring 29 to turn ON the electric
light bulk 28, and as a result, the paper-covered night
light tvpe dye-sensitized solar cell operates as the
paper-covered night light.
[0091]

In addition, the paper-covered night light typse
dyve-sensitized solar cell can be connected to an
electronic apparatus or the like to be used by using the

sack 18 of the base 17 in the paper-covered night light
type dye-sensitized solar cell.
(00927

According to the third emboediment, not only the
dye-sensitized solar celis 11 to 14 are each superior in
the design proeperty, but also the paper~covered night
light type dye-sensitized solar cell is composed of the
dve-sensitized sclar cells 11 to 14. Therefore, it is
possible to obtain the paper-covered night light type
dye-sensitized solar cell which can obtain the high power

generation efficiency from the indocr light as welil



which is very excellent as an interior accessory as well which is
integrated into the human life. 0093] Although the embodiments of the
present invention, and Examples of the embodiments have been
concretely described so far, the present invention is by no means limited
to the embodiments and Examples déseribed above, and thus various
changes based on the technical idea of the present invention can be
made. 0094] For example, the numerical values, the structures, the

compasitions., the, shapes, the materials thesraw materals, the ¢ cacn

processes, and the like which have been given in the embodiments and
dxamples descrbed above;are, merelsan gxample; ang thus pumerical g
values, structures, compositions, shapes, materials, raw materials,
proeesses and the like Which-aredifferent front those givensim:theas well
embodiments and Examples described above may be used as may be
wiecebsary. [0095) Speeificallyt, althbaghfox exampée, in the third
embodiment described above, the electric battery box 31 69 is provided

i theslower portion of the frame 15, the electric battery box 31 may also

be provided in other
Although the embodiments of the present invention,

and Examples of the embodiments have been concretely
described so far, the present invention is by no means
limited to the embodiments and Examples described above,
and thus various changes based on the technical idea of
the present invention can be made.

[0054]

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

[0085]
Specifically, although, for example, in the third

embodiment described above, the electric battery box 21



position, for example, in the lower portion of the inner box 16. In addition,

a light emitting diode, for example, may also be used instead of using the
electric light bulb 28. Description of Reference Symbols [0096] 1 ...
Transparent conductive substrate, la ... Transparent substrate, Ib ...
Transparent conductive layer, 2a to 5 ... Dye supporting porous titanium
oxide layer, 3 ... Transparent conductive substrate, 3a ... Transparent
substrate, 3b ... Transparent conductive layer, 4 ... Counter electrode, 5

s Seal matenal; 6 .. Electighte (le\\SeJtZGn Bewer,collecting layer, 8.

Inlet, 11 to 114 ... Dye- sensitized solar cell, 15 ... Frame, 116 ... Inner
H0Xcth i.c Baser d8y.. Jaek, 28 maklegtriclight byl (0 CLAIMS d: Ae r
dye-sensitized solar cell, comprising: a transparent conductive substrate;
ne:orimtiltipfeporeusdHitaniumiexide dayers,on saic-transpaferte inner
conductive substrate, made of titanium oxide fine particles and supporting
lzosensitizingrdye(s);. a counter electiodesprovidedsalas ta:facésaidaneple,
or multiple porous titanium oxide layers; and an electrolyte layer between
isaid eA¢ or piultipled instead of using the electric iight bulb

28.
Description of Reference Symbols
[G090]

1 .. Transparent conductive substrate, la .
Transparent substrate, 1lb .. Transparent conductive layer,
Za to z2d .. Dye supporting porous titanium oxide layer, 3
. Transparent conductive substrate, 3a .. Transparent
substrate, 3b .. Transparent conductive layer, 4 .. Counter
electrode, 5 .. Seal material, ¢ .. Electrolvte layer, 7 ..

Power collecting layer, 8 .. Inlet, 11 to 14 . Dye-

sensitized solar cell, 15 .. Frame, 16 .. Inner box, 1

Base, 18 .. Jack, 28 .. Electric light bulb



porous titanium oxide layers and said counter electrode, wherein said one
or multiple porous titanium oxide layers are formed so as to display a
predetermined color(s), and compose a predetermined pattern(s) in
accordance with selection of a thickness, a lamination structure, a particle
diameter of the titanium oxide fine pamcles, or a combination ratio of two
or more kinds of titanium oxide fine particles when the titanium oxide fine
particles are composed of the two or more kinds of titanium oxide fine
particles different in particle diameterfr@m one another. 2. The
dye-sensitized solar cell according to claim 1, wherein said counter

electrode is provided-e8:a: transparest canduddive substrpte: 3; 1he
dye-sensitized solar cell according to 71 claim 2, wherein said
transparenticondugstive substrateuhaving said-gne er multiple porous
titanium oxide layers provided thereon, and said transparent conductive
substratechaving said cogrnter plectrode provideduithereon careadisposedoso
as to be shifted from each other, and an outer peripheral portion of a
§egion hetd: besvest: sald BV raispareht Eorrduetive 3dbstrates i¢ saalen

with a seal material. 4. The dye-sensitized solar cell according to
oxide fine particles and supporting a sensitizing dve(s);

a counter electrode provided so as to face sald one
or multiple porous titanium oxide lavers; and

an electrelvte laver befween sald one or multiple
porous titanium oxide lavers and saild counter electrods,

wherein sazid one or multiple porcus titanium oxide
layers are formed sc as to display a predefermined
color({s), and compose a predetermined patternis) in
accordance with selection of a thickness, a lamination
structure, a particle diameter of the titanium oxide fine
particles, or a combination ratio of two or more kinds of
ftitanium oxide fine particles when the titanium oxide
fine particles are composed of the two or more kinds of
titanium oxide fine particles different in particle
diameter from one another.

2. The dye-sensitized solar cell according to
ciaim 1, wherein said ccounter electrode 1s provided on a
transparent conductive substrate.

3. The dye-sensitized solar cell according to



claim 3, wherein each of said transparent conductive substrate having
said one or multiple porous titanium oxide layers provided thereon, and
said transparent conductive substrate having said counter electrode
provided thereon is composed of a substrate obtained by providing a
transparent conductive layer on an in L]1ating transparent substrate, and
portions of said transparent conductive layers located in outer peripheral
portions of said two transparent conductive substrates and sealed with

said seal matedalare removed. 5r The dye-sensitizedsolar celhaccording

to claim 4 wherein a power collecting layer is provided on said
HEanRsparesd canduetiverlayen inian eutside-of said seal materalds. Theers
dye-sensitized solar cell according to 72 claim 1, wherein said one or
paultiplesporots titamiuma oxide dayers have@athickness miichtiswe(n is an
integral number equal to or larger than 1) times as large as a
predeterimedaeference thickresst 2 The dyé-sedsitized sotéedelihereon
according to claim 6, wherein the thickness of said one or multiple

Pporous HaARME oxidedlayérs isRqbaltbtersmalist thas 500tme 8, Thad an

dye-sensitized solar cell according to
outer peripheral portion of a region held between said

two transparent ccenductive substrates is sealed with a
seal material!

4. The dye-sensitized solar cell according to
claim 3, whereiln each of said transparent conductive
substrate having said one or multiple porous titanium
oxide layers provided thereon, and sald transparent
conductive substrate having said counter electrode
provided thereon ls compeczed of a substrate obtained by
providing a transparent conductive layer on an insulating
transparent substrate, and porticns of said transparent
conductive layers located 1in outer peripheral portions of
sald two transparent conductive substrates and sealed
with sald seal material are remcved.

5. The dye-sensitized solar cell according to
cilaim 4, wherein a power collecting laver 1s provided on
said transparent conductive laver in an outside of said
seal material.

&. The dye-sensitized solar cell according to



claim 7, wherein said one or multiple porous titanium oxide layers have a
layer having the predetermined reference thickness in common with one
another. 9. The dye-sensitized solar cell according to claim 8, wherein
said layer having the predetermined reference thickness in common with
one another is a porous titanium oxid7e2layer having a thickness of 3 pm
and made of titanium oxide fine particles having a particle diameter of 20
nm. 10. The dye-sensitized solar cell according to claim 9, wherein said

oneief multiplesperpys disanjuny, oxide layersgontaindherein at leastone
selected from the group composed of a first porous titanium oxide layer
draving a thiekness:af 3 pmrand-mage-ofditaniumioxide fineipartieles
having a particle diameter of about 20 nm, 73 a second porous titanium
oxideslayer having a thickagss cofd@-phzantemade:of titgnitnrexdde fineé zrge
particles having a particle diameter of about 20 nm, a third porous
gitarduprexide fayer composéd of aqsorots titamium oxide layer having a
thickness of 3 pm and made of titanium oxide fine particles having a
particle diametéreofatfolt <20 hirt-aRd asoréds ttahiurh exidedayer lying
said porous titanium oxide layer, having a thickness of 3 p.m and made
ot fitdhitim d%ﬁﬁélpéﬁ%légﬁ&}‘iﬁ&%ﬁpé?ﬁ@cléald one or multiple

porous titanium oxide layers i1s equal to or smaller than
50 wum.

€. The dye-sensitized sclar cell according to
claim 7, wherein said one or multipls porous titanium
oxide layers have a layer having the predetermined
reference thickness in common with one ancther.

%, The dye-sensitized solar cell according to
claim 8, wherein said layer having the predetermined
reference thickness in common with one ancother is a
porous titanium oxide layer having a thickness of 3 um
and made of titanium oxide fine particles having a
particle diameter of 20 nm.

10. The dye-sensitized scolar cell according to
claim 9, wherein saild one or multiple porous Titanium
oxlde layers contain therein at least one selected from
the group composed of a first porous titanium oxide laver
having a thickness of 3 um and made of tTitanium oxide

fine particles having a particle diameter of about 20 nm,



diameter of about 400 nm, and a fourth porous titanium oxide layer
composed of a porous titanium oxide layer having a thickness of 3 pm

and made of titanium oxide fine particles having a particle diameter of
about 20 nm and a porous titanium oxide layer, having a thickness of 6
pm, lying said porous titanium oxide ngﬁer, made of titanium oxide fine
particles having a particle diameter of about 20 nm and titanium oxide

fine particles having a particle diameter of about 400 nm, and containing
dherein, 20 wite ditaniume-axide fing pasticles having the particle diameter.
of about 400 nm. 11. A method of manufacturing a dye-sensitized solar
<ellscompesingtheproeess fof screens-printing-a pasteshaving Ldianism g
oxide fine particles dispersed therein either in 74 the same pattern or in
different patteras githeeone fime>@iinutiplertimes on artranspasent
conductive substrate; the process for burning said paste, thereby forming
ohesgrimultiple perols titanivemgxide tayers;dhe processfok eatising saidde
one or multiple porous titanium oxide layers to support a sensitizing
oYEfs); thitvprogess for providing & Eodnter efeetrote ®o as™ t6 facendaid
one or multiple porous titanium oxide layers; and

oxide fine particles having a particle diameter of about

20 nm and a porcus titanium oxide laver lving said porous
titanium oxide layer, having a thickness of 3 um and made
of titanium oxide fine particles having a particle
diameter of about 400 nm, and a fourth porous titanium
oxide layer composed of a porous titanium oxide lavyer
having a thickness of 3 pm and made of titanium oxide
fine particles having a particle diameter of about 20 nm

and a porous titanium oxide laver, having a thickness o

Fh

6 um, lying said porcus titanium oxide layer, made of
titanium oxide fine particies having a particle diameter
of about 20 nm and titanium oxide fine particles having a

-

particle diameter of about 400 nm, and containing therein
20 wt% titanium oxide fine particies having the particle
diameter of about 400 nm.

11. A method cof manufacturing a dye-sensitized
solar ceil, comprising:

the process for screen-printing a paste having

titanium oxide fine particles dispersed therein either in



the process for providing an electrolyte layer between said one or multiple
porous titanium oxide layers and said counter electrode, wherein said one
or multiple porous titanium oxide layers are formed so as to display
predetermined colors, respectively, and compose a predetermined
pattern(s) in accordance with selectior of a thickness, a lamination
structure, a particle diameter of the titanium oxide fine particles, or a
combination ratio of two or more kinds of titanium oxide fine particles

whensthe-titaaium: exidgrfine, partictes-are-cqorapesee ef thedwe.orgnere: : me
kinds of titanium oxide fine particles different in particle diameter from
onemanathen 4 2; Ardye-sensitizecksalak eelh comprising: i #rapsparentt e ;
conductive substrate; 75 one or multiple porous semiconductor layers, on
said transparent conductiversubstrateygnade of seatieonductarfine forming
particles and supporting a sensitizing dye(s); a counter electrode
prévidedwelasidlace saitend ioranilplecporoas setfeonductor layers;
and an electrolyte layer between said one or multiple porous

semicondiiétoP I&y/ets and taidéoltBreteetdde wheteiit shid 6Ré oporous

multiple porous semiconductor L .
titanium coxide layers to support a sensitizing dye(s);

the process for providing a counter electrode so &as
to face said cone or multiple peorous titanium oxide
layers; and

the process for providing an electrolyvie layer
between sald cone or multiple porous titanium oxide lavers
and said counter electrode,

wherein said one or multiple porous titanium oxide
layvers are formed so as to display predetermined colors,
respectively, and compose a predetermined pattern{s) in
accordance with selection of a thickness, a lamination
gstructure, a particle diameter of the titanium oxide fine
particles, or a combination ratic of two or more kinds of
Titanium oxide fine particles when the titanium oxide
fine particles are compcsed of the two or more kinds of
titanium oxide fine particles different in particle
diameter from one ancther.

12. A dye-sensitized sclar cell, comprising:

a Transparent conductive substrate;



layers are formed so as to display a predetermined color(s) and compose

a predetermined pattern(s) in accordance with selection of a thickness, a
lamination structure, particle diameters of the semiconductor fine

particles, or a combination ratio of twa or more kinds of semiconductor

fine particles when the semiconductor fine particles are composed of the
two or more kinds of semiconductor fine particles different in particle
diameter from one another. 13. A method of manufacturing a

dye-sensjtized sofar cellpcemprisings the-proeessiforsereen-peawing a
paste having semiconductor fine particles disposed therein either in the
same pattercerdadifferentipatterns eithier one time o drultigle times on a
transparent conductive substrate; 76 the process for burning the paste,
therebyrformingoneloemaltipte: porptisssemicopductorilayers; theprocessng
for causing said one or multiple porous semiconductor layers to support a
Gensitizing dye(s); the process for providing a counter electrode so as to
face said one or multiple porous semiconductor layers; and. the process

for providing i é1Bétrblyfelayer hetwedn S&id dite 6°muftiplépsrotzc one

semiconductor layers .
or multiple pdrous semiconductcer lavers; and

an electrolyte layer between said one or multiple
porceus semiconductor lavers and sald counter electrode,

wherelin sald one or multiple porous semiconducter
layers are formed so as to display a predetermined
color(=) and compose a predetermined pattern(s) in
accordance with selection of a thickness, a lamination
structure, particle diameters of the semiconductcr fine
particles, or a combination ratic of two or more kinds of
semiconducter fine particles when the semliconductor fine
particles are composed of the two or more kinds of
semiconductor fine particles different in particle
diazmeter from one ancther.

13. 2 method of manufacturing a2 dye-sensitized
solar cell, comprising:

the process for screen-printing & paste having
semiconductor f£ine particles disposed therein either in
the same pattern or in differeni patterns either cne tTime

or multipie times on a transparent conductive substrate;



and said counter electrode, wherein said one or multiple porous
semiconductor layers are formed so as to display a predetermined
color(s) and compose a predetermined pattern(s) in accordance with
selection of a thickness, a lamination _structure, particle diameters of the
semiconductor fine particles, or a combinat-_on ratio of two or more kinds
of semiconductor fine particles when the semiconductor fine particles are
composed of the two or more kinds of semiconductor fine particles

different im pagicle: ciameter -florronganetiepaste, thereby forming
cne or multiple porous semiconducitor lavers:

the process for causing said one or multiple porous
semiconductor layers to suppert a sensitizing dye(s);

the process for providing a counter electrode so as
to face =said one or multiple porous semiconductor lavers;
and

the process for providing an electrolyte layer
between said one or multiple pecrous semicconductor layers
and sald counter electrode,

wherein saild one or multiplie porous semiconductor
layers are formed sc as to display a predetermined
color{s) and compose a predetermined pattern(s) in
accordance with selectibn of a thickness, & lamination
structure, particle diameters of the semiconductcor fine
particles, or a combination ratio of twe or more kinds of
gemiconductor fine particles when the semiconducter fine
particles are composed of the two or more kinds of
semiconductor fine particles different in particle

diameter from one another.



