Phot oel ectrochem cal Photovol taic Panel and Method to Manufacture thereof.
TECHNI CAL FI ELD This invention relates to photoel ectrochem cal photovoltaic
cell s (PREDwodass1particularly, the invention rel ates PQT/AU2005/001194

phot oel ect rochem cal photovoltaic nodul es of |arge size (both flexible and
rigid) that include plurality of the PEClintegrated in one photovoltaic
source . Exanples of the PEC are disclosed in the foll ow ng patent
specifications ; US4927721, Photoel ect rochem ce 1|¥I chael G aetzel and
Paul Liska, 195@0 oelectrashemical Bhotoyoltaie Pane §ndl\hi‘ﬁh@ tey Manufactuyghanmad
K Nazeer uddi n ?I’I an O 'Regan, 1994. US5525440, Method of manufacture of
phot o- el ect rod cell and a cell nmade by this nethod; Andreas Kay,

M chael Graetzel and Brian O 'Regan, 1996. US5728487, Photoel ectrochem cal

cell and electrolyte for this cell; Mchael G aetzel, Yordan Athanassov and
Pierre Bonﬁotiﬁééﬁw%omz Phot oel ectrochenical cell, S . Brodie et
al I. US629790@+1El ect rapbpt oehr om 19wt W rdows Rt bt dvrdscneavical

Tul l och and I gor Skryabin, 2000. US6555741- Methods to | npl enment

| nt er connect s PRRERHPLFREF | CRelgendiBL)i- véﬂOPﬁoPéi?B’r?‘é}f"i‘:ﬂPhotté@l eVieRERBRI cal
Devi ces, G PhaRiiathks. Sk Y3BbRoaNdcdrdddRidiRal 300k JJ30664623nsqddihods to

| mpl enent Seal i ng and El ectrical Connections to Single Cell and Miulti-cell
Regeneratlve large size (both flexible and rigid) that include

10 plurality of the PEC 'integrated in one photovoltaic
source.
Examples of the PEC are disclosed in the following patent
specifications:
US4927721, Photoelectrochemical cell; Michael Graetzel and
15 Paul Liska, 1990.
US5350644, Photovoltaic cells; Michael Graetzel, Mohammad
K Nazeeruddin and Brian O’Regan, 1994.
US5525440, Method of manufacture of photo-electrochemical
cell and a cell made by this method; Andreas Kay, Michael
20 Graetzel and Brian O’Regan, 1996.
US5728487, Photoelectrochemical cell and electrolyte for
this cell; Michael Graetzel, Yordan Athanassov and Pierre
Bonhote, 1998.
WO 98/05084, Photoelectrochemical cell,. S. Brodie et all.
25 US6297900- Electrophotochromic Smart Windows and Methods,
Gavin Tulloch and Igor Skryabin, 2000.
US6555741- Methods to Implement Interconnects in Multi-
cell Regenerative Photovoltaic Photoelectrochemical
Devices, G.Phani, I.Skryabin and J.Hopkins, 2001
30 US6664623 - Methods to Implement Sealing and Electrical
Connections to Single Cell and Multi-cell Regenerative
Photovoltaic Photoelectrochemical Devices, G.Phani,

J.Hopkins, D.Vittorio, I.Skryabin, 2002



Phot ovol t ai ¢ Phot oel ect rochem cal Devices, G Phani, J.Hopkins, D. Vittorio,

| . Skryabin, 2002BACKGROUND CF THE | NVENTI ON Phot oel ectrochem cal

Phot ovol twDeoéeal1bs1( PPC), as of the type disclosed in tireTaioue/qatent s,
are typically fabricated in a | am nate arrangenment between two substrates.
In a typical arrangement, at |east one substrate is transparent to visible
|l i ght and conprises a transparent support (typically glass for rigid

nodul es and plastic - for flexible nodules) to which a transparent

el ectrically conductive (TEC) coatings is applied. Another substrate is not

necessarily tran aga{@% here fﬂﬁ'#&'\/ﬁﬁ%&@t Various materials suitable for
non-transpare inthe prior art, including: Thin

metallic filns suppboteedld&ytxg:lmm;icakrahbt:omlt;mlq/n@ells Met’Ht)I,i ca$obfs,

Metallic sh, Catrbon igglgg c9o dugt QLS HO\Aéevegtet he ngec atl n whi ch
usual |y conpri s a ¥kt af % C{]S} have rBEFET T ity V\he %’E%

wi th normal rrﬁtaalrlcanddlct ams, aeSLﬂlamm@tlen ha:g:harrmesﬁtl vebétoms fmrml ar ge
area cells. Thu graoti ;@II applcl Caélfn A hese ceJcI s are corﬁ% ined in
nmodul es. Di mefs Sﬁ§ 5 the motules “dFEcHt Mt G IRBREYer , by WeSdssPP§ to

mai ntai n uni f&mmsstlnacknesst@fanapmw ecd twyip icdlel yLﬁﬁhtS(Anm cc:romp\etieés) a. In
order to make ! arg ﬁri)hot ovol t ai @yphog?gl ectroch m cal C{aneld PPP%i t.he
modul es are el"¢@PPPEAFTY TUREt FYRAG A¥i At Y WS RSt F8Hal
| arge panes, @laseficwhi chots fheknglér ansipaesnt t(osexemcﬂor aexagiisparent
Austral i an des&%gtgqgg?§§Zggéguctlve (TEC) coatings is applied. Another
substrate is not necessarily transparent to visible light.
Various materials suitable for non-transparent substrate

are described in the prior art, including:
15 e Thin metallic films supported by glass, ceramic or
polymer,
. Metallic foils,

Metallic mesh,

Carbon based conductors.

20

However, the TEC coatings, which usually comprise a metal
oxide(s), have high resistivity when compared with normal
metal- conductors, resulting in high resistive losses for
25 large area éells. Thus, in practical 'application, these

cells are combined in modules.

Dimensions of the modules are 1limited, however,. by
necessity to maintain wuniform thickness of a module
30 (typically 20-50 micrometers). In order to make a large
photovoltaic photoelectrochemical panel (PPP) the modules
are electrically connected and laminated between two

additional large panes, one of which is being transparent.



Manuf acture of such panels, however, requires additional manufacturing

equi pnent and procedures . OBJECTI VE OF THE | NVENTI ON Qbj ective of this

i nvent i orwo0d46m1pr3ovi de cost effective | arge size phot ovoirtaai2e05/001194

phot oel ectrochem cal panel . SUMVARY OF THE | NVENTI ON General ly the present
i nvention provides for a Photoel ectrocheri cal Photovol taic Panel (PPP)
conpri sing on ar ede subs nd g el.0f iqadi yidu fdbbjs r s. The
shar ed substr:(tsggi’s andsruel erg%?{n(éé?' conéll%g?%r or is atlghea?\%o part/gzgi’aﬁ'coat ed
by an el ectri ¢ahhfacondeicbifngurht erdralls, SihaWeaelry, deutiivieduaddabisnrat es
are all electrjcal nductors .or a S rtially coated wth an
electrically ggﬁ%ﬁ%??‘fl\glrﬁgatee%lﬁn?n%ngrg%eéreor'%ggﬁr%ght the shared substrate is
transparent to at |least a part of solar radiation. In another enbodi nent at
the i ndivi QUaIOEJ%EEit,ﬁaégsr}& QNQ’IEhE%ﬁnspa_rent to at least a part of solar
radi ation. “In ndi vi dual substrates and the shared
substrate (hereaftebjectihe subfst raties) iaventldnt resspar endrdvddat lceast a
part of solar radiation.. ln yet a further enbodi nen aid electrically
Ponducti ng meatearre alePadc pafety e PANRL e onnaEe b o (Rt eniFg}
exanpl e fl uoripaaedoped tin oxide or indiumtin oxide. Photoel ectrochem cal
photovoltaic cells (PPC) are fornmed between the shared substrate and the

i ndi vi dual substrates. Each PPC includes a photosensitive el ectrode, a
count er elmct rcotiaardoBRNTHE EINVENTYDE di spensed bet ween

Generally the present invention provides for a
Photoelectrochemical Photovoltaic Panel (PPP) comprising
one shared substrate and a number of individual

15 substrates. The shared substrate is an electrical
conductor or is at least ©partially coated by an
electrically conducting material. Similarly, individual
substrates are all electrical conductors or at least
partially coated with an electrically conducting material.

20 In one embodiment the shared substrate is transparent
to at least a part of solar radiation.

In another embodimént at the individuals substrates
aré all‘transparent to at least a part of solar radiation.

In'further embodiment the individual substrates and

25 the shared substrate (hereafter - the substrates) are all
transparent to at least a part of solar radiation.

In yet a further embodiment said electrically
conducting material is a transparent electronic conductor
(TEC), for example fluorine doped tin oxide or indium-tin

30 oxide.

Photoelectrochemical photovoltaic cells (PPC) are

formed between the shared substrate and the individual



t he photosensitive electrode and the counter el ectrode. The photosensitive
el ectrode typically conprises nanoparticul ate wi de band sem conductor (for
exanpl e -woi2o@niidpidi oxi de), photosensitised by a thin lpeyau2eds/dy®4 | n one
enbodi nent the photosensitive el ectrodes of the PPC are supported by the
shared substrate whereas the counter el edtrodes of the PPC - by the

i ndi vidual subsiiatg8es. | Ba@nobber i RO et pROE ¥s SR i tdN@ctrode
phot osensitive el ectrodes are supported by the shared substrate and the

remai ni ng phottosenyiteity e l@dergdesdaran seporodd tBy dils@engafy ibgtaren

substrates. |nplheRianldncakealdi1$kir8he OfarddherhdveRhhesrt ha habad.
substrate is substantially larger than each of the individual substrates

al l owi ng for &hsi grhetessnsitiifiser edecPPeia o WyPifalhiEd FOMPIics§Fanaeno-

Al though the invent]PR:das,Ne SPBGhAI C sLhSELAGEEQIS Opsdhe shams Of Lhe
shared substrate, rectangul ar shape is advantageous for the purpose of use

and manuf act urtdtaaspecigptide) ,f phofepens rigad panaf beturkaysthiath dys -

pref erabl e when the shared substrate and all the individual substrates are
made of flexible material. In ' one aspect of the invention, the shared
substrate is dividéd igneo eneedimard | Yhe¢ sphatedenraytvits; céachrodgs oaf

opposes at |east, o adi-acephobagh vigush. substdat tdae PRC.aLe har med
bet ween t he iﬁ:gll vi dual subs?%gte andgtﬁeeopposél ngse“i1 sol at ed rggi%n (1#l t he .
shared sub®¥t r @ocantaroneleaboeiigrntof n WecorRRihce wilth tiHiss dgpdstideslt he
invention at | of the substrates is nade of glass coated by
Tr anspar ent Elsgl%t%trtg%lggs'mnductor (TEC) .

In another embodiment only some of the

photosensitive electrodes are supported by the shared
substrate and the remaining photosensitive electrodes are

15 supported by the individual substrates.

In the practical realisation of the invention the
shared substrate is substantially larger than each of the
individual substrates allowing for a significant number of

20 PPC to be formed in one panel. Although the invention has
no specific restrictions on the shape of the shared
substrate, rectangular shape 1is advantageous for the
purpose of use and manufacture, especially - for roll-to-
roll manufacture, which 1s preferable when the shared

25 substrate -and all the individual substrates are made of

flexible material.

In one aspect of the invention, the shared substrate

is divided into electrically isolated regions; each region

30 opposes at least one adjacent individual substrate and the
PPC are formed between the individual substrate and the

opposing isolated region of the shared substrate.



I n anot her enbodi nent in accordance with this aspect of the invention,

| east one of

zinc or alloy
one of the su

TiNN . . In a furt enbodi ment, at |east one of the substra

at

the substrates is made of polyneric material coated by TEC In
still anovbeposambzdi ment, at | east one of the substrat epcirssuredmoofos net al
or netal alloy. Preferential netals include titanium tungsten, nicke

s such as stainless steel. -sn yet another enbodi nent at

bstra ﬁsohé R0t Bt 2L Gaabedahe | AL MeRpL eaggé&dsf
tes conp

|,

| east
(e.g.
ri ses

metal foil or timet alrme@trrreshatl desist] [ong faff t bes é%%‘dﬁaf@ﬂ l-‘atmﬁ@aspfone of

the substrate
metallic foi
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i se
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25

30

cfwpel piner saintk tsirdedsensted vy dlEGct rodes of said PPC are
i ndi yjdugl; ;ubsirales apd.gouter § L_ecféaosg:esoneorbé hen

e invention providées for various 'shapes an
b@bsatese5|u5|sapﬁehérswtﬁalorhamﬂx%h altlepy..utBtdfegrentiéal

&%}t{?géféggg{g& PE’O% e&&d{j\/ﬂ%} sgt% 6?'&%‘1&?" 308Re N 295465
such as stainless steel.

In yet another embodiment at least one of the
substrates is made of metal coated by impermeable nitride
(e.g. TiN).

In a further embodiment, at least one of the
substrates comprises metal foil or metallic mesh.

In still a further embodiment, at least one of the
substrates comprises polymeric sheet coated by metal or
laminated with metallic foil.

In yet a further embodiment the shared substrate
comprise polymeric material coated by TEC and all the
individual substrates comprise metal foil.

In the preferred embodiment the shared substrate is
made of polymeric material coated by TEC and all the
individual substrates comprise metallic foil, wherein said
photosensitive electrodes of said PPC are formed on the
individual substrates and counter electrodes - on the
shared substrate.

The invention provides for various shapes and
dimensions of the individual substrates, it is
preferential, however, to utilise the individual
substrates (and PPC electrodes) of circular shape in order
to minimise resistive losses. Another advantage of the

circular shape is in minimisation of perimeter for a given

hared

dI nénsi ons of t he

to



circular shape is in mnimsation of perineter for a givenarea of the PPC
el ectrodes, since each of the PPC needs to be seal ed al ong the perineter of
t he i ndi wwouade/asdzstrate. Di nensi ons of each PPC depend pom/Atheosioppe4 of
conductor. Dinensions of the individual substrate depend on resistivity of
selected TEC material. It has been establd shed that for full sun operations

di aneter of e PP t t Geedh10- 15 i es} St Vi f e, JEC
material is a%g{%r?d O%O%ng?gqﬁg%e. ?iﬁjst'hé%gg} %%?}gd&efrt{t)ﬂoediﬂn%m?leteﬁg e
i ndi vi dual sulbst segeésdaréory ethe i patimetegnedctbd todseldwtledswisagiatiecal |y

i sol ated regi f . S rate. Thi ows, .for el ectrical
connecti ons bceﬂtl\?l\/gglrsil%ﬂg %g%%hf%tc?é\bpetngr nér?]aﬁh%)o&ngsc?uf‘racceO%o Cfcﬁé:'PPP.
It is advant agsoesstionsonnett the PR@diwvisueh a smbstidade boddperebat owe and
posi tive termpalg, of;Lhe BOWerSOULce angc! ofated; on the, shargd pubstrate.
I n anot her "aspect of 'the inventron a pattern of "a"second €l ectri calef’y
conducti ve natestiabllisBedr ehtedfon ftll eawt opersuibsist atiemethrs offaeechal s

sel ected to haye conductivity highep_than wlaft ol 1he Jiifst, el @ﬁutereirll‘%gl Y

. us not exc 1
conductive material.. The se&ona @l ecirycal conhductive Hateri a nces

conductivity ofatielréasubstaatendMliohOoths ssquefd.cant reducti on of its optical

transparency. Exanples,of the secondary..conductive terial include netal
(for exanple, Ag, n@ﬁ %Bﬁ) pf(reg% rseé(;eeﬁlgbsqy l][etlglngn%[“ﬁelrs1 bt %ffle ?}%Sﬁc ates
screen-printi rge. vaelemnigsh lgepasinnecnedel eot r opd laddtreg, ed¢lectnicaneéy

e N SRERhT 83k bYs COPIURL | Y5l Ll Pr St 8182 o
electrical connections between the PPC to form two
terminal power source of the PPP. It is advantageous to
connect the PPC in such a way that both negative and

15 positive terminals of the power source are located on the

shared substrate.

In another aspect of the invention a pattern of a

second electrically conductive material is created .on at

20 least one substrate. This material 1is selected to have

conductivity higher than that of the first electrically

conductive material. The second electrically conductive

material enhances conductivity of the substrate without

significant. . reduction of its optical  transparency.

25 Examples of the secondary conductive material include

metal (for example, Ag, Cu, Au) tracks deposited on the

substrate using screen-printing, vacuum mask deposition,
electroplatirng, etc.

‘In one embodiment, the electrically conductive

30 material is protected by an impermeable protective layer

of glazing or polymeric material. This protection 1is

especially important when said electrically conductive

material is exposed to said electrolyte of PPC.



of glazing or polyneric material. This protection is especially inportant
when said electrically conductive material is exposed to said electrolyte
of PPC. | nwenoddnasszenbodi nent the pattern of the second elcextvbasalolws
conductive material is created by varying the thickness of the first
conducting material in such a way that regi ons of the substrate where high
optical tra smttance is requi rtrangogﬂunder e_the pk‘i%tosensitive

a

anot e iment rheop%ogtt £ e
el ectrodes) are co Ped b?/ }%ene re i'vely thin E ffﬂe Trst el gc?FPPgally
conducti ve mategricak)cal Whet@abucativer maegrvals 0§ ¢ilheatsuubdyr ataey,inghehe hi gh
el ectrical conductance is required, are .coated by a thick electricall
conduct i ve ma{%glrllcgpef')? ??h&ggecféﬁatelcé’gfl}lfghﬁl? ym%%?ﬁ[ﬁqti% ﬁ’é?}érf‘af”f‘y?/
Accordi ng to amatherreaspest off t hehé nvenbsbrmatsmavhebhel eaighe ppepeasd
either in the sharedtgubstrat.es or in the cgrm%)n substrate. The hol gs are
F F

used for filliWGPERETERTFS wilth sEF A &%ct r L TRE hoPBROMTES f uFfhier
seal ed with appokysensctived eellabtrpdef)er abby doatele byanichat erdlfzati veagpri ses
a hot nelt polyneri terial _and a netal .foji]l. Fro t a further aspect
ot "The T nvent IS BTET oseanELF bl S18GCFEGTbH of TRUCENS e Amae At o 1 s
further subdi windedaknt otkbéect réqiaddsy ioFol ahed subsegatss, ancherke @Gppasi ng

i ndi vi dual subﬁtrate if-. al s$ divided into electrically i sgl ﬁt ed subregi ons,
with each sai GBBEFHERhgCPRYWRR S vide i SRS Yof 2o CBRPEEI RY &ulbPé§fons

(one on the sharedrsubslyat ecanduatioicher mtelriali ndvirdual (thebst rsaicepdand
sai d adj acent PPC are electrical I,¥, i nter corﬁir‘sect ed in series by an

i nt er connect i i STareFfatY SYBCBIYE Bohfe@Yons of cells in series, the

According to another aspect of the invention, small
holes are prepared either in the shared substrates or in
the common substrate. The holes are used for filling the

15 cells with said electrolyte. The holes are further sealed
with a polymeric material, preferably by the laminate that

comprises a hot melt polymeric material and a metal foil.

From yet a further aspect of the invention, at least one
20 isolated. region of the shared substrate is further
subdivided into electrically isolated subregions and the
opposing individual substrate is also divided into
electrically isolated subrégions, with each said PPC being
formed between parts of two opposing subregions (one on
25 the shared substrate and another on the indvidual
substrate) .and said adjacent PPC are electrically
interconnected in series by an interconnecting material.
To enable connections of cells in series, the
interconnecting material is placed between a separate part
30 of the sub region adjacent to the photosensitive
electrode of n-th said PPC and a separate part of the sub

region adjacent to said counterlectrode of (n+l)-th PPC.



interconnecting material is placed between a separate part of the sub

regi on adj acent to the photosensitive electrode of n-th said PPC and a
separ at e wenboeafisizhe sub regi on adjacent to said count ercexiu20e®o0f94
(n+l)-th PPC. I n one enbodi ment the interconnecting material conprises
netallic particles, and/or graphite flakas. In another enbodi nent the said

i nterconnecting material comnpnis tal wire, wire br g r-wre plait. In
yet anot her enbodi ?rgnt %tnﬁe sal g e éegt‘e'ri cteﬁgl y i'n erccgnr?glg Pﬁg rlrnaattéerrlg?l?

conpri ses et alodmpeifeshmetialld of patrhéclenbadidyent gehpbité c@ldesconducti ng

conponents of the intercannectin terial prot.ected fromelectrolyte
of PPC by i nper mea%f‘e glné)(t:zg(rgircal yglgrl]glﬁPgti %égrratsearlid;l ,lrbtree‘?ceopélﬁlcgllpg
pol ymeri ¢ mat eraitakjiail ncovp s esaing tadnelincd | g reobpenénds waiw: giiladdded. I n

t he preferred enbodi nent, said polyneric material, is hot nelt t.er
one process the i ngﬁl aftThg %%?&&%/t e rlfngPEi errlr%I tse%l%nae]fcfh%rl

il?I . In
€3 td both
substrat es dudnterthendeaingensratet compeisals metbhl &c cosstect i ng materi al .
The invention provides for_. passing electrical current through the. .

i nt er connecti ng rrat(gri &l ifﬁ‘rgf‘aé‘r tegkﬁéh%‘?%ﬁ e ﬁiej%‘ft%llﬁaf]iqé’i egcto’\‘;(glrct?fgfgti ng
and adhesi on aformpbaehos BE| ttheat aitedconnecpiedemaedrpabcaze it theakdi s
gener ated by i nductiye action of el ectromagnetic field. Specific
attention is g]r\%‘n £ effgﬁog}')%%eso ha?p?orﬂ%d B@Pa&%ahfc‘lﬁe i%?ﬁ%&ﬁhﬂy
substr at esiowhémstunayingt aahediiD, t beecoramy subpblgherit nmanereabodinent

h r il Wi her i | ant .
these spaces %h%c sag cogéhé%lngecggéoﬁéé¥¥iS%etembedded.

In the preferred embodiment said polymeric material
is hot melt material.

15 In one process the insulating hot melt material is
melted and adhered to both substrates due to the heat
generated in metallic interconnecting material. The
invention provides for passing electrical current through
the interconnecting material in order to generate heat

20 sufficient for. melting and adhesion of the hot melt
material. In preferred process the heat is generated by an

inductive action of an electromagnetic field.

. Specific attention is given to the spaces that formed
25 between the individual substrates when they attached to
the common substrate.
In one embodiment these spaces are filled with an
hermetic sealant.
In another embodiment humidity absorbing material
30 (e.g. - molecular sieves) is placed in these spaces; to
ensure long term stability of the photoelectrochemical

devices.



I n anot her enbodi nent hum dity absorbing material (e.g. - nolecular sieves)
is placed in these spaces; to ensure long termstability of the

phot oel ecwoaokwmszal devices .1 n yet anot her enbodi nent pChhredrospaces ar e
fully or partially filled with a solvent of the sane chemi cal nature as
that used for an electrolyte in the phot-®el ectrochemcal cells. This is to

mnimse long ter e S ng_in the
cells . BRI EF DESrCT:Hé %E&%B@Q%ﬁﬁv}ﬁ%ﬁ %gg%%)%ead?g %egs?t?%/eggpﬁ/g %ature
of the presentairtiehtyorfildeldodviemt &2 t ketwefit widfl mbw beamieschiebedaby way
of exanple an strati nly. he |1 gwin on, re ence
w |l be nmade ?1041%% acgorrpq:rzglr?% ng dl?‘gvén gcf)]lpn mﬁﬁ glg ?gﬁir‘géé i gﬁé

di agrammati c pbprestatategrendfcad Iélém‘sor fbdsi msa(tQOFrdanmesw tlhngheetmr st
exanpl e of .th n n g a Sz i on of
a Phot oel ectr%eﬁgrgnsc%f&gho % a‘fz%uﬁfaneq?ff%}?érreggslgn) é%cggbg%rg% i t%ﬁ%

first exanpl ecefllshe invention. Figure 3 is an enlarged parti al
cross-sectional view of a PPP formed in accordance with the second exanple
of the invention. Figure 4 is a partial plan representation of a PPP forned
i n accordance BRIEFR DRECRERTIION ©FabBR@INGSthe invention. Figure 5is a 3D

di agrammatic representation of the flexible shared substrate of PPP forrred

in accordance with
10 Having broadly portrayed the nature of the present

invention, embodiments thereof will now be described by
way of example and illustration only. In the following
description, reference will be made to the accompanying
drawings in which:

15 Figure 1 is a 3D diagrammatic representation of a PPP
formed in accordance with the first example of the
invention.

Figure 2 is an enlarged partial cross- section of a
Photoelectrochemical Photovoltaic Panel formed in

20 accordance with the first example of the invention.

.Figure 3 is an enlarged partial cross-sectional view
of a PPP formed in accordance with the second example of
the invention.

Figure 4 is a partial plan representation of a PPP

25 formed in accordance with the second example of the
invention.

Figure 5 is a 3D diagrammatic representation of the
flexible shared substrate of PPP formed in accordance with
the third example of the invention.

30 Figure 6 is a 3D diagrammatic representation of the
flexible PPP formed in accordance with the third example

of the invention.



the third exanple of the invention. Figure 6 is a 3D diagrammtic
representation of the flexible PPP fornmed in accordance with the third
exanpl e olot2be/dimsent i on. DETAI LED DESCRI PTI ON OF DRAW NEBTMt2osveei®aence to
Figure 1 , a 3D diagranmatic representation of a PPP is shown. The panel
conprises twelve individual substrates 21@and a shared substrate 1 . The
substrates are coated by TEC (fluorine doped tin oxide) layer 3 . The
electrically isolated regions of the transparent electrical conductor 3 are
formed by renovi-ng said conductor along the isolation lines 4 . This
procedure utilizes |aser radiation and can be applied to all the
substrates; 3D representation in Fig. 1 allows visualisation of these |ines
only on the siPEF8dLEDDLBEICRIFPTIDNeOPPORAF NG Or ned bet ween parts of the

i solated regions 5 of the common substrate and opposing isol ated regi ons of
the isolatéd substrate. The PPC are interconnected to form 2 term nal power
out put of theWRPR. rdher¢mraritmalFsgare tr eatdd ddpgdeposti¢ng Ag bus-bars 6 .
Al so shown a pl SS-secti l.re ent at.i j j i S, shown in
Figure o v EREREPEERERN 3T PR o8 “BIGRESTRL BRnLT JHHEEES e Thr e

i ndi vi dual gl aselsabsthdatiehials sshetmatdhe? sivar ed sbabsd ratlstXatal $0- gl ass)
and the individual substrates 1 ar at y, TEC | ayer 3 The
electrically Fg8|§F§89F%ﬁﬁ%n%§eaF8a %?ﬁ@ﬂ%%§pHéﬁBSFhBXT%QP?%uﬁi% al along the
lines 4 . 1Qounixéde| eyendes The( ellectridaliy dypelavédPredased ofatthkeyst) i s
formed on parts _of the ehgftrical y isgﬁéged reggoggrof t.he indi vidua

transRarent ectrical’con or 3 a med by removing
substrates 1 ,"uUSsing
said conductor along the isolation lines 4. This

procedure utilizes laser radiation and can be applied to
all the substrates; 3D representation in Fig. 1 allows

15 visualisation of these lines only on the shared substrate.
The PPC are formed between parts of the isolated regions 5
of the common substrate and opposing isolated regions of
the isolated substrate. The PPC are interconnected to
form 2 terminal power output of the PPP. The terminals are

20 created by depositing Ag bus-bars 6. Also shown a plane A,
cross-sectional representation in which is shown in Figure

2.

With reference to Figure 2, cross section that includes

25 three individual glass substrates is shown. The shared
substrate 2 (also- glass) and the individual substrates 1
are coated by TEC layer 3. The electrically isolated
regions are formed by removing TEC material along the
lines 4. Counter electrodes 7 (ultra-thin layer of Pt

30 based catalyst) is formed on parts of the electrically
isolated regions of the individual substrates 1, using
standard screen-printing technique. Photosensitized

electrodes 8 are formed on parts of the isolated regions



standard screen-printing techni que. Photosensitized el ectrodes 8 are forned
on parts of the isolated regions3a of the shared substrate 2 . The

phot osenswoiza@bieisect rodes 8 conpri se nano-particul at e lpayau206s/0oitoani um

di oxi de (15 m crons thick) photosensitized by Ru-based dye. Formation (by
screen-printing followed by firing) and-photosensitization of the

nano-particul ate la i LUM-di 94 dep h on . J Iy accordance with
standard procZ8 urolgssgg\él%)ﬁ?({léo%%n t%egpri orﬁlggﬁbt Q%%z%e %I%%%k{!%e
i nt er connect e¢liegtirntes cOnrmpiriisg nanerpaitiTullage darpri sbstiWapdnmmi cl es

enbedded into sili.ggn e (A i ; gtrolyte 10

t hrough smal | |°lel|8%g?}1§ﬁ§ls&onmast %éégﬁg?%}g&saus%gltsﬁéféggﬁ%e%‘ﬁgbvaqs)%dy Ext er nal
negative and plosi.t Feemaeion ndys s@raee-prgatiay Hyldppedchy i Diriogfy)Agnd
bus-bars. Wth,refer . Fig. -3 c - 1 .0Rn represent ation of the
second exa%vpl g}h gﬁ?%ﬁgfgﬁ%%lgr?goifn P(\e/iré%g? su%étcgégléelfgyeiflor}t he nunbered
el ements in thiigahigureéiexisleaawasepeFEgrmdd aimnd aficgrd@nce T tth estampkedi s
different from.t I st |l e of t i nv.ent i i h t he

phot osensi ti z?&ogggg%%(g)d%e?]ﬁer?rﬁeowgr iénfglrg?reé}rloorf ta%g'i ﬁa%v?g; ual- Substrates and
counter el ectriodesconoactdm lponmiersohs¢ctairey mMatelinéf 2remce to Figure 4 a
partial planar_view of PPP .depi ct i nly. 1 individual, substrate_is

D esent e, - AJGTFBAREP YT RO e naTErIaTe Kr o d P PTG bd L5 LA o
shown. Theloholaesi el éedsieyl faaioxvatuutrbhyte flid lthoguoh shel cefilld iwgt h an

electrolyte. Wth reference to Figure 5 a shared flexible substrate 2 is
prepared in a\(%;lreaa#&eh\}\?t% atrisﬁdr géigﬁ% ® gr}oat[ ﬁgown?' EXternaq
negative and positive terminals 8 are created by

application of Ag bus-bars.

15 With reference to Fig. 3, cross-sectional representation
of the second example depicts only one individual
substrate 1. All the numbered elements in this figure are
as per Fig. 1 and Fig. 2. This example is different from
the first example of the invention in that the

20 photosensitized electrodes here are formed on the
individual substrates and counter electrocdes - on the

common substrate.

With reference to Figure 4 a partial planar view of a PPP
25 depicting only 1 individual substrate is presented.

Additionally, sealing material 11 and filling holes 12 are

shown. The holes were used for vacuum back filling of the

cells with an electrolyte.

30 With reference to Figure 5 a shared flexible substrate 2
is prepared in accordance with third example of the
invention. The substrate comprises plastic sheet coated by

transparent electronic conductor 3. The transparent



i nvention. The substrate conprises plastic sheet coated by transparent

el ectronic conductor 3 . The transparentel ectronic conductor 3 is divided
into fourwel2eavobsal |y i sol ated regions by the isol ati orciriatsosho11930
enhance el ectrical conduction of TEC material and to provide for electrical
connection four Ag bus-bars 6 are deposi-ted onto the TEC as shown in the

floure. On parhsqoloh b ee ot of 5f oUrd: Jagltado 601 0Ope - (g ghar ed

substrate the Circu y S ape coun ect ro are 1 ch as 8
equal |y spaceciso@aneerr@driemsr tgeshbel ool tizreddhesf 4t hEo téntemdesol at ed

regions. This i PP I d L on he shared
substrate thatevilIeJcIt gyc%)nnn%c %n 34 &ag%l q{hl]%ﬁr géggFé 50 C qoeB ftI9I5C w il be
connected in ﬁec@maslfmﬂr‘m&itl@enﬁmr r&g exhsi-baEisglr eré de;WstJJtetdeference to

Flgure6afle | e, PP pared ipn accordance th the third exarrple of
the invention. °nf e%B%thn u{) ?ﬁofgslﬁrgh%r% Y %d shglPe su?)s?th 5 fshown in

details in Figouf ):faﬁdu12)4 Jlsdea\tieduaégSanbstcrihttas $har&dciubsmdiariedtiak

substrate corrprlse otosensitized electrode is
formed. The i It |r\(/:|u§lu5}y qb ratcé’ém g’él g]dé)vh\ﬁ%dsetshz sﬁ%rg A SHYA €°%in such
a way that the phuhmgnspactece eluatt e odbsctofodese beddnyi tibladactulast takes

ter el ect the shared trates. The 24 PPC.are formed
oy 111G SpEleESobr AR i TRBEOSBRST (1 2o PPYaEPotes AriFopogi ng |

count er el®ct rradesinblited rmbo)mebéctheal syltaecﬂ'rsebsekhse atieat adnnebeked in

I I el f.th b t | ect t 13 and i
Car Tos (in o GAPRSEFod 31 B atals | RATST RSO PEA O TAGE PaoT b and negat i ve

el ectrical terconhnakbtedi imesdRRsane dlhsthsahaemobsgarated in Figure 6.

With reference to Figure 6 a flexible PPP is prepared in

15 accordance with the third example of the invention. The
patent utilizes pre-prepared shared substrate (shown in
details in Fig. 5) and 24 individual substrates 1. Each
individual substrate comprises Ti foil, on which a
photosensitized electrode is formed. The individual

20 substrates sealed with the shared substrate in such a way
that the photosensitive electrodes of the individual
substrates oppose counter electrodes of the shared
substrates. The 24 PPC are formed by filling spaces
between the photosensitized electrodes and opposing

25 counter electrodes with a redox electrolyte. The cells
are connected in parallel in groups of three by external
electrical connectors 13 and in series (in groups of 3) by
electrical jumps 14. The positive and negative electrical
terminal of the PPP are also shown.

30



1 . A Photoel ectrochem cal Photovoltaic Panel (PPP) conprising a nunber of
i ndi vidual substrates and a shared substrate (the substrates) , wherein

t he substwetess/@ssiel ectrical conductors or at | east partralu2yosmoatoed by an
el ectrically conducting material, -at |east one substrate is substantially
transparent to at |least a part of solar-madiation (optically transparent)
Phot oel ect rochem cal Photovoltaic Cells (PPC) , each conprising a

phot osensitive el ectrode, a counter el ectrode and an el ectrol yte di spensed
bet ween the photosensitive el ectrode are fornmed between the shared
substrate and {4he_individual substrates 2 . A PPP according to claim1l ,
wherei n at Ieactéégﬁe substrate conprises optically transparent materi al
coated by a Transpar erfhdElcedertcathéboincilct oPh¢tidtdltaid . Pam¥¥P adeepiling to

claim2 , erein said optically transparent . materi.al_ conprise glass_or

ol ast] 6. 4% o h PPt ¢ o PERRER Prant o B e o AR S i T
conprises fluorinesdapadl dubsteside (thadubatirianesX| dehereiretal | ic nesh. 5 .
A PPP according to claiml_, erein all the_substrates e opticall
transparent. 6 . A PPP %cEB?d\é\%sleathsai%ele,leﬁ}ﬁ’é’r%? N L’s"ﬁ"ét’r""édc’§uBEtrate
conprises netal sheet or fiehktansaadiallfe icodtgddupy sabstésiaagly
optically transparent.7 . A PPP accordin &o claim1l , wherein the

i ndi vi dual substrates confPPERCHERGIMaLEELRLor foil and the shared

10 = at least one substrate is substantially

transparent to at 1least a part of solar
radiation (optically transparent),
* Photoelectrochemical Photovoltaic Cells (PPC),
each comprising a photosensitive electrode, a
15 counter electrode and an electrolyte dispensed
between the photosensitive electrode are
formed between the shared substrate and the
individual substrates
2. A PPP according to c¢laim 1, wherein at 1least one
20 substrate comprises optically transparent material
coated by a Transparent Electrical Conductor (TEC).
3. A PPP according to claim 2, wherein said optically
transparent material comprise glass or plastic.
4. A PPP according to claim 2 and claim 3, wherein said
25 TEC comprises fluorine doped tin oxide, indium tin
- oxide or metallic mesh.
5. A PPP according to claim 1, wherein all the substrates
are optically transparent.
6. A PPP according to claim 1, wherein the shared
30 substrate comprises metal sheet or foil and all the

individual substrates are optically transparent.



substrate is optically transparent. 8 . A PPP in accordance with claiml
wherei n said photosensitive el ectrode conprises nano-particul ate wi de band
sem conduwwbanogdisezrexanpl e - titanium di oxi de) , phot osengiAt2e@hobywsa t hin
| ayer of dye and electrically connect ed to one of the substrates or its
electrically conducting material. . A-RPP in accordance with claim1l

wher ei n sald poto ti redes.qf; .PPC a o] d btk ared
substrate. t’ % %élbn \aé%(?gpgﬁ%cggw tl% “{D Em T{ﬁwf%:?rg %Bgt Pﬁeﬁellgggléggart of
sai d phot osenS| ti veumtexaue@desmpflﬁp@leﬂael shepbr oedfdil tdrsl sher etlasaddst rat e

and photosensitive setc%lt%dzgp t{ggﬁ Egrg{l supported by the

i ndi vi dual substrafed cor claiml , wherein said
shared substrage |B OPPPR ectxangmcmrdshape wit‘Zh dilaiilﬁP iIn atesedanceandt h

claim1 , \g\/ner ei n 'Qosler}l%'l\éi ggal o $U ?b# r tes pgl% rergg ne r%rlcgﬁ gl rcul ar

shape . 137 A i N accordance W erein & 'Share
substrate is d| Vi detlde Ntloared ecstemncahtiyctsnl atﬁd: r egiampde each tiegnoam
opposes at | east o e adl cen |tnd| vi dual %ukt))stragglan? the P Cdare fgrmad
bet ween the i ndi vi u%’fl bst e SaHa T heOpposT ng 150 afst Pegfdn 3Fthe
shared substrate. é&lectxiRRRlyncanneditedds WnIehoCl ahen shﬁosuﬁaa;iem éramclscl aim

_T_E,C \Qﬂgr:: In EEZ Isg%hﬁ s.uq%slrlryatcgmligcglr_argge m%fteeol ¥mer| c material coated by

10 9. A PPP in accordance with c¢laim 1 wherein said
photosensitive electrodes of PPC are supported by the
shared substrate.

10. A PPP in accordance with claim 1 wherein at least a
part of said photosensitive electrodes of PPC are

15 supported by the shared substrate and photosensitive
electrodes of remaining PPC are supported by the
individual substrates.

11. A PPP in accordance with claim 1, wherein said shared
substrate is of rectangular shape.

20 12. A PPP in accordance with claim 1, wherein said
individual substrates are of rectangular or circular
shape.

13. A. PPP in accordance with claim 1, wherein the shared
substrate is divided into electrically isolated

25 regionsg; each region opposes at least one adjacent
individual substrate and the PPC are formed between
the individual substrate and the opposing isolated
region of the shared substrate.

14. A PPP in accordance with claim 13, claim 4 and claim

30 7, wherein the shared substrate is made of polymeric
material coated by TEC and all the individual
substrates comprise metallic foil, wherein said

photosensitive electrodes of said PPC are formed on



substrates conprise netallic foil, wherein said photosensitive el ectrodes
of said PPC are fornmed onthe individual substrates and counter el ectrodes -
on the pawboefoisasiid el ectrically isolated regions of trershaoethoshstrat e.
15. A PPP in accordance with claim 14, wherein the individual substrates
are electrically connected to sel ected ehﬁctrically i sol ated regions of the
common substrate. 16. A 4 n,ace rdance with ¢ ! m_2 1 wherein electrical
conduct ance of TECTH&t &P %ﬂl V8- e AREREER DY AP I??%ﬁ|%§1eoFc§rB§??an°8f
second electrlcalIyh@gﬂﬂuﬂimMesaaﬁeélé&trldbllyAlEGThtédemngﬂum&nee vhéh
claim 16, wherein Sﬁ% (g 1#¥gn gf the second conducting material conprises
netal lic tracks foPffetf C*P5§er. 18. A PPP in accordance with claim 17,
wherei n sai d nmasal hi cpw aclks abeoﬁa@ﬁ@@taddmy amampexn;eabh&rwmt eehéve

| ayer of gla2|ng or ﬁ , terial 1P ccordance cl ai m
16" wher ei n’sai d setB %ﬂﬁﬂucf? ?ﬁ&%ﬁl%ﬁel§ ﬁfﬁﬁﬁiﬁﬂ FrRErecks g ?he
thi ckness of TEC cpalédiged Ne bty idanay h@auategleagloﬁstbe gHbSicbalenwher e

hi gh optical transmt tance is required (under or opposite the
phot osensi tive el e8PPSR -are coated by the relatively thin TEC (the first

electrically casdustippe HAt @ttdbdancagigdscxdiher2 r egiesnofelldt@rical
substrates, where hlgd el ectrical conductance is requitred, are coated by a

thick TEC (the secBRACRFRIGS Ol FEC BRI & SnEPBRRGFS PY APPIACBEAORN
accordanceowi th cl gem 43 wheeeirn sovl | shebfs electrically conductive

material.

17. A PPP 1in accordance with c¢laim 16, wherein said
pattern of the second conducting material comprises
metallic tracks formed on TEC layer.

15 18. A PPP in accordance with. claim 17, wherein said
metallic tracks are protected by an impermeable
protective layer of glazing or polymeric material.

19. A PPP in accordance with claim 16 wherein said second
conductive material is created by increasing the

20 thickness of TEC coating in such a way that regions of
the substrate where high optical transmittance is
required (under or opposite the photosensitive
electrodes) are coated by the relatively thin TEC (the
first electrically conductive material), whereas other

25 regions: of the substrates, where high electrical
conductance is required, are coated by a thick TEC
{the second electrically conductive material).

20. A PPP in accordance with claim 13 wherein small holes
are prepared in the individual and/or shared

30 substrates; said holes being used for filling the PPC
with the electrolyte.



are prepared in the individual and/or shared substrates; said hol es being
used for filling the PPCwith the electrolyte.21. A PPP in accordance with
cl ai m 20,wohessiimuzafter filling the PPC with the el ectr ecytantismonohes are
sealed by a polyneric material . 22. A PPP in accordance with claim 21,
wherein said polyneric material conpriseséhot nelt material |lamnated with

netallic foil. 23. A Lp . Fcc%[ iR claim 13, wh i, at st one
i sol ated regi or%%.'o t%;d:sflﬁgr:ac Slfgg'?%gt \é%lléshfh?%gl]gr?zsodbd?i\:‘/lgiaée&&?i r?f'l"ggr

el ectrically isol atétll sngpr e oR®Cand thhetheppedestgralntievi theal heldst rate i s
al so divided into gl Lheal Iy | Syegi ons, with each said PPC

bei ng fornmed bet vvegﬁgg%étb?oaf )éto\ljﬂgg%g%gc;g? ng s%%r’egi ons (one on the commn
substrate and 2rot herPPin time gsepardarcresuyithatelaim ard, savkersiraceatidPPC

are electriccally interconnect %j'n. eri by. . an inter ecting material.
24. A PPP i5n accor ég%%el{/\ﬁ'% h @ %‘lflfﬁ , %@%ﬁsnest hehgéi n g?gonr?‘eaé:t%frrllaa
material is placedlaeineesl avishpaepbdkl parfoidf. t he sub regi on adj acent to

phot osensitive.el e¢ctrade .of n-th.said PPC and_a separate_part of .the_sub
regi on adj acentﬁt'ogcgggt &PeI3SSPFSRECSt Yk 1):?9%‘5 EE’C w%‘%.rgﬁnpﬁg iLRast
accordance w th cl ahen 2801 atesty eegisai of | tHeershanredc suhgt naterisalfusrthpri ses

nmetal [ic particles glor Agraphite. flakes.,,26.. A.PPP.in_accordance gn'th
claim 23, wherei n PROGHESIRRCHITY TEH S 8 das e caPraprgns an
10 the opposing individual substrate is also divided into
| electrically isolated subregions, with each said PPC
being formed between parts of two opposing subregions
(one. on the common substrate and another on the
separate substrate) . and said adjacent PPC are
15 electrically interconnected in  series by = an
interconnecting material.

24. A PPP in accordance with claim 23, wheréin the
interconnecting material is placed between a separate
part of the sub region adjacent to photosensitive

20 electrode of n-th said PPC and a separate part of the
sub region adjacent to counterelectrode of (n+l)-th
PPC.

25. A PPP 1in accordance with claim 23, wherein said

interconnecting material comprises metallic particles
25 and/or :graphite flakes.

26. A PPP 1in accordance with claim 23, wherein
interconnecting material comprises metal wire,
metallic mesh, wire braid or wire plait.

27. A PPP in accordance with claim 25 or claim 26 wherein

30 said interconnecting material is protected from
electrolyte of PEC by impermeable electrically
insulating material, preferably - polymeric material,

in which said conducting components are embedded.



nmetallic nesh, wire braid or wire plait. 27. A PPP in accordance with claim
25 or claim26 wherein said interconnecting material is protected from

el ectr ol ywe 2066/REG1by i nperneabl e el ectrically insul ati rgTmatessioalios
preferably - polynmeric material, in which said conducting conponents are
enbedded. 28. A PPP in accor dance with cl-atm 27, wherein said polyneric

material is horzsmeht eriinal d d,_P h’aghac&g’?’ﬂn%% W&ﬂ]excelf%{ m_ 28
i an ad 0

wherein said hot i $mef ered e “opposi ng Sub$ gtes
due to the heat gepelm@did mattleerlaﬂ:tesdmhw@tlltng\anarealal . 30. APPP in

accordance wi t B Chalp 291’11 Vg‘] Idgﬁége Eg@t Ch.glrgeagr agﬂggrg}.’?hsa}%dﬁf | ve

action of el ectronagne i ¢ % ' accordance W

wherei n spaces thamelorﬂedmé)memand raelhrerrrddvtduahesuﬂxpd)s:atgeasuﬂmmatbey are
attached tg t he are lgi}f eaaree%gal d. vvlth her metl c_seal %

PPP i n accordance vvr?h ccf ai ersin sar% spaces Car e T T 9RE f‘ﬁga
hum dity absor bi ngmaa¢eiall sruch, as nol ecul ar si eves.

30. A PPP in accordance with.claim 29, wherein the heat is
generated by an inductive action of electromagnetic
field.

10 31. A PPP in accordance with claim 13 wherein spaces that
formed between the individual substrates when they are
attached to the. shared substrate are sealed with a
hermetic sealant.

32. A PPP in accordance with claim 31, wherein said spaces

15 are filled with a humidity absorbing material such as

molecular sieves.
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