WD 2006/ 015431 PCT/ AU2005/ 001194 Phot oel ectrochem cal Phot ovol tai c Panel
and ‘Method to Manufacture thereof. 5 TECHNI CAL FIELD This invention

rel ates to photoel ectrochem cal photovoltaic cells (PPC) . More

parti cul ar MR 20p¢@iSpHvent i on rel ates to phot oel ect r ochemPEIVAHRBY N B4t ai
nodul es of large size (both flexible and rigid) that include 10 plurality
of the PEC integrated in one photovoltai c'! source. Exanpl es of the PEC are
disclosed in the foll owi ng patent specifications: US4927721,

55350644, ot BUBTF R AT Pk AIE R A amtENod Mo unntBbthrs,
and Brian O ReGf@redfd94. US5525440, Method of manufacture of

phot o- el ectrochem cal <cell and a cell made by this nmethod; Andreas Kay,
M chael 20 G aetzel and Brian O Regan, 1996. US5728487,

Phot oel ect rgchef’g&ﬁllgﬁg! b electrolyte for this cell; Mchael G aetzel,

Yor dan At hanas Bonhot e, 1998. WD 98/ 05084,
Phot oel ect r ochéltiigal céhnlvenSiolr odieelsttes | . t25 USBROTO6Dectrochemical

El ect hot och i " d i n_-Tul I

Skryabi 2000 PHRrEEa e VRO VI ar R T ORC AVEIR0

cel | Regener at ined.aRlest ovol tphiot oPhet bedt@vimriaeiie npltet ovddaviice spo@a Raaniof

| . Skryabi n and lJ. pki Se 20 69@‘?%[@%3 a MENLP}(lgidZO I Iteneir};t%r%%%l i ng
. a C

and El ectri cal nnect’i ons &(])Oté?ng e n I't1°-cel | Regenerative
Phot ovol t ai ® Phdtoellétiyr oohentinal BRVI ciegieg@alhdni in Joddpkpinst oy Matitcor i o,
| . Skryabi n, 200S urce.
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, 19%4.
85525440, Methoed 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 U86297900~ Electrophotochromic Smart Windows and Methods,
Gavin Tulloch and Igor Skryabin, 2060.
086555741~ 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



WO 2006/ 015431 PCT/ AU2005/ 001194 -2 BACKGROUND OF THE | NVENTI ON

Phot oel ectrochem cal Photovoltaic Cells (PPC), as of 5 the type disclosed
in the above patents, are typically fabricated in a | am nate arrangenent
bet ween twdVO 3WB8t¥Ekes. In a typical arrangenent, at |eaRETOBWOSAUBY rate
is transparent to visible light and conprises a transparent support
(typically glass for rigid nodul es and 10-plastic - for flexible nodul es)
to which a transparent electrically conductive (TEC) coatings is applied.
Anot her substrate is not necessarily transparent to visible |ight.
Various materials suitable for non-transparent substrate are described in

the prior art, pastdrdun®: ofStrE hinverEtawl ic fil ns supported by gl ass,
ceram c or poI ymer, Metallic Toils, Metal lic mesh, Carbon based

conductors. 20 Howdhetoel gt reeheniaal, ghotpRpdhatisusrLyScIRBE) se 28 @ al

oxi de(s), haye fhgheygsi Hilsel b¥edham conpanBdvii HateakBRl ar®t 8fpically
conductors, resultlng in high resistive | osses for 25 large area cells.
Thus, in practiERTigmsrAcati®n, & hed@™RAq s aFE2RIMBTHed PREHBEDI estwo

Di mensi ons of the,Jmdules arerhi nitad, lGQWEV&Era meMRCesakt Y15 9strRidiai n
uni form thi ckness of a mopdule 30 (tygl cally 0 mcr orret ers). In order
to make a | ar geS PRSI (& CHREPeErD tF%cﬁb?ﬁlb]a‘? bofet amp momm%@édm es
are el ectrical l yrfHpaeehedsap ?ol:’é‘m(f'ﬁ;ﬁ%l aoxﬁsastwer 2edigi poal1da

panes, one of which is being transparent 2006/ 015431" PCT/ AU2005/ 001194
'10 plastic - fox flex1ble modules) to which a transparent

electrically conductive (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 ¢ 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 lafge area cells. Thus, in practical 'application, these

cells are combined in modules.

Dimensions of the modules are limited, however,' by
necessity to maintain uniform thickness of a mecdule
36 (typically 20-50 micrometers). In order to make a large
photovoltaic photoelectrochemical panel (FPPP) the modules
are electrically connected and laminated between two

additional large panes, one of which is being transparent.



-3 (see, for exanple, Australian design No2093/2002). Manufacture of such
panel s, however, requires additional rmanufacturing equi pnent and
procedures. 5 OBJECTIVE OF THE | NVENTION ' Obj ective of this invention is to
provi de cosYO2WpPEYEE ve | arge size. photovol tai c phot oel REVABHOHIHAN
panel . 10 SUMWARY OF THE | NVENTI ON Generally the present invention provides
for a Photoel ectrochenical Photovol taic Panel (PPP) conprising one shared
substrate and a(samber fof i nekanipdeq! lAusideQtikat esdedh shavedospbsdzate is
an el ectrical onductor or [s at, least_ parfially coated, by an_ . .
electrical Iy cHRRIAAGIY Fat®h | S1Ch SPRRFLT1 y hOVRYRTA dRERS Eemsrrditionale al
el ectrical condugifsctirialy kgaspmed@lahidabky¥ceatad, W th an el ectrically
conducting material. 20 In one enbodi nent the shared substrate is
transparent to at |east a part of solar radiation. In another enbodi nent
at the indivi dugFECIvEt Ot e8E aeENziont ransparent to at | east a part of
solar radiation. [|n_ further enbodi nent the individual substrates and 25
the shared substrat @90K& SRt ePT- PRES sUTSISTALER) dPe 5PI PFPRHIHardit to,
at least a parteffectahvel raGigati @Azel Nph6todoltlilderphotRBedt FBBhemAtLl
electrically conducting material is a transparent el ectronic conductor
(TEQ), for exaﬁ%ﬁﬁ?%ﬂ uorine doped tin oxide or indiumtin 30 oxide.

Phot oel ect rochem cal photovoltaic cells (PPC) are formed between the

shared substrate and the individual W 2006/ 015431 PCT/ AU2005/001194 -4
10 SUMMARY OF THE INVENTION

Generally the present invention provides  for a
Photocelectrochemical 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 ccated 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‘trénsparent to at leaét a ?art of solar radiation.
| In"furﬁher 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 thé individual



substrates. Each PPC includes a photosensitive electrode, a counter

el ectrode and an el ectrol yte di spensed between the photosensitive

el ectrode and the counter electrode. The photosensitive el ectrode
typical ly ®ShPWpAEE3hano 5 particul ate wi de band sem condRfH Y2005/ 1% anpl e
- titanium di oxi de), photosensitised by a thin |ayer of dye. .In one
enbodi nent the photosensitive el ectrodes of the PPC are supported by the
shar ed substr at subvhieragas .t lachlPpPCoumticdndekeat bdessehsihevdPel ectyoddle

i ndi vidual substrate

- h di | .of th
phot osensi tive 2l 58??%%% Slas S aer%ﬁ)ga‘lﬁ;r/r% trTE tﬁcgp‘ﬁy %egng'ls%%esr%srea LEE T he

)des af e supporte €°S
remai ni ng phot osleasiphoveselsictivedeslererodb soppahiedediynttdre € heletviatienl
substrates. In fhe pra ticgl.ﬁfalis tiQn @f t?e invention the shared
substrate is substaftiACPTOFAHET (HETE80R of YRHE H¥hdSTMHOAFe S uds %t es
al l owi ng fors a sagnidileaet muinieer aind20 G domdoetbor nddorn @xampaeel .-

Al t hough the inventi.on has_ .no specific restrictions . on the sha f the
Shared  subst r atec= 1t SAGEHAP) < RIREIEZAVARCIGROMR Tor LRYSE pot sl of
use and manufacture, especially - for roll-to- roll manufacture, which is

preferabl e when the shared 25 sybstrate.and .all the.individual substrates
are made of erxibf@lnﬁ?%rFEPpgfﬂen n hﬁsd%EPxEFnPﬁElFﬁvéﬂﬁQBﬁ,g?ﬁe" ared
substrate is dtlé depL i st aiprirtiedablyy theolshheddr egbstsateadie feagi athe 30

00005 & | Fas o e RS S SOBhE AL 2, e PP AL e

shared substr atsubiiRa2@@6/ 015431 PCT/ AU2005/ 001194 -5 In one enbodi nent in

accordance with thi%ﬁasp%%%tggr embodiment only scme of the
photosensitive electrodes are supported by the shared
substrate and the remaining photosensitive electrodes are

15 supported by the indiwvidual 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 is advantagecus for the
purpose of use and manufacture, especially -~ for roll-to-
roll manufacture, which is 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.



the invention at | east one of the substrates is made of gl ass coated by
Transparent El ectronic Conductor (TEC). In another enbodi nent in accordance
with this aspect 5 of the invention, at |east one of the substrates is
made of pBIGWBsIG4Hat erial coated by TEC. In still anot RET/AYMOHINEMt | at
| east one of the substrates is made of netal or netal alloy. Preferential
metal s include titanium tungsten,. nicket35 zinc or alloys 10 such as

stainl ess steel. |niyetor@nairiedinghodireniccattdbrast wotie ehikh@spsuebsiorat es
is made of netal coated hy inperneable nitride In a further

(e.g. Ti I\Qﬁ3 .
enbodi ment, at EastVETEIGPR Ae 1o85ts 1 rat eEh%oﬁ’dg?%’é%t taf e &f

netal lic mesh. diasst cbhted fuy thenhspakedt "Bt @nilceashdeseoof (18 . |
substrates conprises polyneric sheet coated by netal or , |am nated with

metallic foil. In yéP APPGPEReFPRRBABUMI HemD t FeCRHINES Lidibdt (e ampect

conpri se polsymeys ccHERt Sivetlti0aat @8 NeatkEConrd oF Ithehgubshdbtieduals made
substrates conprise_netal foil. In the preferred enbodi nent the shared

substrate is Mfd@odt™p5H AT iRdt EPREPA AL by TEC and all the

i ndi vidual substrates coiori sendehadt | eapbaihenterei N&fit 3de of the
phot osensitive el ectrodes of said PPC are forned on the i ndividual

substrates and TbstreFed| dét Fedes of diptie O HEF Rl bl -at Rrefgrentiddnt i on

provides for vadtQus Shapedeandtafi st @iest@n,! hadkedi vizdual cxubstiogkes,
it is 30 preferential, however, to_utilise the individual substrates (and
PPC el ect r ofes)SUst &fr et etfaf&eh-order to mininise resistive |osses.

Anot her advant age ofint hgetr Ci 46t r SRABRGliMchd M MY Ol RET T ARker
for a given substrates is made of metal coated by impermeable nitride
(e.g. TiN).
In a further embodiment, at leéast one of the
15 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

20 comprise polymeric material coated by TEC and all the
individual substrates comprise metal foil.

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

25 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

30 preferential, however, to atilise the individual
substrates (and PPC electrodes) of circular shape in orderx
to minimise resistive losses. Another advantage of the

circular shape is in minimisation of perimeter for a given



WO 2006/ 015431 PCT/ AU2005/ 001194 -6 area of the PPC el ectrodes, since each
of the PPC needs to be sealed along the perineter of the individual
substrate. Dinensions of each PPC depend on the type of conductor.

Di mensi onsWéI 2006/81543di vi dual substrate depend on 5 resi stRGAE/AY208506El4ect ed
TEC material. It has been established that for full sun operations :
di ameter of each PPC nust not exceed 10-1% mmif resistivity of the TEC

material is aroargh ¥ Qnesppguanectididdle Anekeened 8FbedeMBAt Adis to
i ndi vi dual substrates 10 _are- electrically connected to selected

electrically iRdISRBEE®T &drofsthBe PREIRR 0PI (1St rRCeVIFHRS arPRieator

el ectrical connggidryisnletareesndherRPCabeh®r Bht Whe US/HE NGE BON@ICRRUr Ce
of the PPP. It is advantageous to connect the PPC in such a way that both

negative and 15PPMNHONE t ephi ndiPe of IR isHRdr sPPTE e | GERERE 0P™ he

shared substy atgesildtighReyheraspriteRbdt h@rcnV eRlce@Rad . patricer ma@df &eet£coONd
electrically conductive material is created .on at 20 | east one substrate.

This material i%sidebed thakafercdHdlcFPDi PReRR MRS t HAPYRR B qard

first electricappy mgOndueti wclBEEMRlls The S£condi st eeify cakl ¥nheondisctive
mat eri al enhances conductivity of the substrate wi thout significant..
reduction of itRaktijadafs arpandpkl &hEp/sgsarkanpl es of the secondary

conductive material ipnGhddereFBtabd (ERboLHAMR hePdndiNidiH]l bivskStes

deposited on the substrate using screen-printing, vacuum mask deposition,
el ectropl at ithg, aret celeet i ldiodfRfRCtethe € ecteie@ted cBABEETISALLIY30

material is prof&ot-R&dD%edRohdPeETRAR! oRfoh eshbYerd @Y erThf £ RAINESN
polymeric material. This protection is

electrical connections between the PPC tco 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 is 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, wvacuum mask deposition,
electroplating, etc.

‘In one embodiment, the electrically conductive

30 material is protected by an impermeable protective layer

of glazing or polymeric material. This protection is

especially important when said electrically conductive

material is exposed to said electrolyte of FPPC.



especially inportant when said electrically conductive material is exposed
to said electrolyte of PPC. WO 20061015431 PCT/ AU2005/001194 -7 In anot her
enbodi ment the pattern of the second electrically conductive material is

created by WRPpBt§43the thickness of the first conducti ndPGHEAEIREPOIH such
a way that regions of the substrate where high optical 5 transmttance is
required. (under or opposite the photosensitive el ectrodes) are coated by

the relatively thinnTEGnotherfiddoheatricré! yopanduct bve pRLeriddong
wher eas ot her rglgl ons of the substrates, where high electrical conductance

is required, ar®lRSaicdlBy sorArekivio maAtecipilcdpl Freshedichy verretnr itdle or

(the second el @ofdunedls! Yo € OFHIICE M MBIRAR i hg MaBLELDT1HhO s3BAL ReryAspect
of the invention, small holes are Brepar ed either in the shared substrates
or in the com¥irtsubsedders TRE hdéhes HPskEalef oWherE| i dyabhe At s

with said el ectyolidrclieehol £5 areqhirdder geaked & thRoBRLYEErithe
material, preferably by the lam nate that conprises a hot nelt polyneric

materi al and a PRat@sensitiverdpcieedast uliger coitiett Pof thte real@wmiVey at

| east one 20 is@if egecr eghion Qfi ykBe Shaied auBS! rédkudctig th&terial),
subdi vided into electrically isolated subr etgl: ons and the opposing
i ndi vi dual substhtefeasi s o4hes direvders i mb Weectibsirpryessol Weexp high

subregions, wi tdy £aGh 3al RBLcPLAEY 14 OF&Rt RRE WeEh RSOyl WP GRRAST Ng
subregions (one on 25 the shared substrate and another on the i ndvi dual
substrate) &hd SHEFragpddent Predarkived ectratesyial | Mmter cofftxt ed99Pnskeri es

by an i nterconngCddig ARE §F Edhaudid vwNalkexgoinections of cells in series,
the interconnecting nmatefial Is placed between a separate part
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 alsc divided into
electrically isolated subreégions, with each said PPC being
forméd ' 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 interconnéctinq 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 photesensitive
electrode of n-th said PPC and a separate part of the sub

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



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. WD 2006/ 015431 PCT/ AU2005/001194 -8 In
one enbodi NALUERE 4Bt er connecting material conprises nmRGHUAVWOHORENMC| es,
and/or graphite flakes.. In another enbodi nment the said interconnecting
material conprises metal wire, wire braid-%r wire plait. 5 In yet another

enbodi ment the sai d gl ecésié Cabh¥odindEf COPREC liRGe FBERY A i PN SES al
netallic nesh. In a further epnbodi ment _el ect I‘I?a| | y conductin conponent s

of the interconf@RRTIREITECERT BIC R Prdeset 8D/ ¥ shrakhdder SLgkesof . PPC by

i mperneabl e el ectrical | yadéktdisul apitinEiter igde Ps&iQr abhYercHRhYIEIIL
material, in which said conducting conponents-are enbedded. In the

preferred enbod®Ettidaicempst s Mt ataidrPal W1Fe HRid p& Wiggtetadt: 15 In

one process §he insulrptiag hahofRE: NBfSSdAtentS thRl t @diandeadber ek, bot h
substrates due to the heat generated in netallic interconnecting nmaterial.

The invention PPERARINCCLELNY BTG COMPFERRS AMRYEAL MeSligh t he

i nterconnecting matefy al i ne@FdRyy t GaRRBRRhe heakc2Qissii} Ci 8bhadin
mel ti ng and adhesion of the hot nelt wmaterial. In preferred process tqhe

heat is gener at €PREPERTS (Hdukhe vénbRITHNUIt iR @ HiGhaghet | Brotetied

Specific attentdyi Sejgaié@:%lhﬁet hgrspapes that shpRdab?e Deiveeridday
i ndi vi dual substrates when they attached to_ the common substrate. In one
enbodi ment thest'Sp@tdgdaraErfpéd WEReTaR1Y her RAYYEeFésl dmterialandther

enbodi ment hum g {3 aksar BbAGuIBLES iRmponents are embedded.

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 o¢f 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 betweenrt 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) 1is.placed in these spaces; to
ensure long term stability of the photoelectrochemical

devices.



30 (e.g. - nolecular sieves) is.placed in these spaces; to ensure |ong
termstability of the photoel ectrochem cal devices. WO 2006/ 015431

PCT/ AU2005/ 001194 -9 In yet another enbodi nent these spaces are fully or
partial ly WWOPU§OW4EHh a sol vent of the same chemical natREFBAEZSHIYsed
for an electrolyte in the photoelectrochemcal cells. This is to mnimse
long term 5 degradation effects caused by-fhe | oss of solvent. in the
cell's. BRI EF DESCRI RH %%Wﬂﬂ%kﬂd@ilﬁt@wtn%m&??dwcegrbg@yegilltblrgﬁ %at ure
of the present _invention d rrentst ereof w w be descrijbed by
way of exanple BREFHa4yst Féffb fn MG | 8 ng'® dE8EFI pEhgmical
reference will hgrumde 49 tﬂleaﬁccomgaw NEordr a Ngsdotroiiveél: 4% Figiee 1
is a 3D di agrarmatlc representatlon of a PPP fornmed in accordance with the
first exanple ofPHREISFreRbEBICAT gt 2 lelsanl%ntr%r’bléh‘-“ﬁzf‘re( i AN i
section of as Phejerlecbhocteacesl cBhetavelt ahe Ragel oforsdmdent 2@ the
accordance with the first exanple of the invention. Figure 3-s an

enl arged parti af® EUss sectional view of a.PPP formed . in accordance with
t he second exanple of the invention. Figure 4 is a partial plan
representation of_a PPP 25 for rred |n accordance with the second exanple of
the invention.EBX ‘ TLON EYraRREt i ¢ representation of the

f1 exi bl e shared substrate of PPP fornmed in accordance with the thi rd

exanpl e of H&e 'nve%qugg broadly portrayed the nature of the present

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

15 Figure 1 is a 3D diagrammatic representation of a PFP
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.



30 Figure 6. is a 3D diagranmatic representation of the
fermed+i n accordance with the third exanple of the invention. - 10

DETAI LED DESCRI PTION OF DRAWNGS 5 Wth reference to Figure 1, a 3D
di agrammatic representation of a PPP is shown. The panel conprises twelve

indi vidual substrates 1 and a shared substrate i. The substrates are
coated by TEC (fluorine doped tin oxide) layer 3. The 10 electrically
i sol ated regions of the transparent el ectitical conductor 3 are fornmed by
renmoving sai d 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 visualisation of these lines only on the
15 shared substrate. The PPC are fornmed between parts of the isolated
regi ons 5 of . thesnmENBELCRUPSIdAbLE qm%)@osi ng isolated regions of the
i sol ated sgibstrate. The - a ' onnected to form 2 term nal power
output of the PPP. The termnals are created by depositing Ag bus-bars 6.
Al sg_ 20 shgm%ﬁiIréﬁ?fﬂcec\i@?’éz;@tﬁ,omam ﬁﬁﬁﬁ&ﬁ@@% ‘-‘L'Qﬂzft%]%n‘é@{fc{l id‘s ?‘Eovvn
in Figure 2. reefRy eAgm .t O ‘ s section that 1 ncludes ree
R L R YAt a L P

is shown. The share

i ndi vi dual - gl agS, La
(al so-gl ass) and t?%ée)é% %d%l\%?&ug!fm’%et?bé"t'?%f‘t%%e21-ar'§hﬁe@abett‘d3:psTﬁ€é | ayer 3_ The

el ectrical |y %8Pt TFe gl Hrerine dbpedradnbyxideemyiengs TEGLant eri al al ong
the 1ined®. Qegttrivalalerisiades refibt oracidichayer of Pt based catal yst)
i i “6F=1%e i ndi vi dual

is formed on ‘ rically,isolated régron

30 substrat gﬁ?&é&jﬁééﬁr@g@% & ’éeé‘?fg'ﬁf‘?’ rﬁaia}ﬁgcqnéi@%maq@égng the ,

Phot osensi ti Zed ol ect rotes 4a 2 sf Breasdusn ysatizmsolasdhe raisalaked regions

. ?nd can be applied to all the substrates; 3D representation
in Fig. 1 allows visualisation of thege lines aﬁly on the

15  shared substrgte. The PPC are fozmed betweeﬁ parts of the .
isclated regions 5 of the common substrate and opposing
igolated regions of the isalated substrate. The PPC are
interconnected to form 2 terminal power output of the PERPE.

The texminals are created by depositing ‘Ag bus-bars 6. also

20  shown a plane A, cross-sectional representation in which is
shown in Fiqure 2. ' '

With reference to figure 2, cross section that includes three
individual glass substrates is shown. The ghared substrate 1

25 ‘ (alpo-glass) and the indiyidual substrates 2 are coated by
TEC layer 3. Tha electrically isnlated regions are formad by
removing TEC material alo;g the lines 4. Counter electrodes
7 (ultra-thin layer of Pt basged catalyst) is formed on parta
of the electrically isolated vegions of the individual

30 substrates 2, uging standard 8creen-printing technique. .
Fhotosensitized electrodes B are formed on parts of the
igolated regions

fl exi bl e PPP ———



11 3a of the shared substrate 2, The photosensitized el ectrodes 8
canpri se nano-particul ate |ayer of titaniumdioxide, (15 -mcrons thick)
phot osensiti zed by Ru-based dye. Formation (by screen-printing followed by
firing) and 5 photosensitization of the nano-particulate |ayer of titanium -
di oxi de was perforned in accordance with standard procedures well known i'n
the prior -art. The PPC were interconnected by interconnecting material 9
that conprises Wparticles enbedded intoisilicone based matrix and filled
by redox 10 egk .l u smal ] filling holes in the shared
substrate (no?I asﬁ%v\t%)e. L%éeglr %\%‘%ﬁggﬁt?’l'veT]hethﬁ%W%‘éizeﬁe¢#ﬁq¢ab@e$ are
created by appl FEEHTSH TACARHisbars lavw ofr ef erene edton: b 153,
cross-sect i onalicrapr ébioit)aphotvsehsitdiveal sacouulexalp! e, ;gL s only one

i ndi vi dual subs{rat@eg.prilhnd Ne, F,grt&e ed.el.enents Tn thrs figlure are as
per i P sngexalil e |%Y. R % rom the first exanple

Fig. |« an iq. 2.. i
of the invént ipgﬁé:‘?s%n?h%ﬁzattﬁ%nﬁoﬁ & &REP tharsdcwlatet Fgdesofarieanaie for med on
the i ndi vi duafiexisist vae a@rawdne@'omntaarcoﬂ&hzﬁlaeﬁwrpQ@énaaxanpéd?:%dgfégm“
substrate. W ibll ehewenee che fHigur &4 appattial* planar View of “a PPP
depi cting only,J, chgﬁxilé/c;tdual subsirate is pre et Ed- ™ "AUTIS6RAIMY, seal ing
material 11 and Fil 11 Rg ol BT84 % that sRammLseFhE deotéslamer e used for

vacuum back f PFPddgd ofntenailisenp sbasietitmaniel #et 0l Yd@ by Wdda, ! ef erence to

Figure 5 &0sheredrblend hbeusashr ale1 lediSinPneRaL D itﬂ‘aaS cor dance with
he .substrate conpri 5Pl astic sheet

third exampl es@fset-Be | @UENL T ] .
coated by t rags ar ent eFecI%oS’gl?n‘ c?kg%ﬁ% BP9 ivenang pasididaeent 12 .
El ectronic co %ﬁﬁf’_%lrs % P¥e fiurraed bvnerplficericel eftad oaklnaxsi.sol at ed regi ons
by the isolation lines 4. To enhance '
With reference to Fig. 3, cross-sectiomal representatrion of
15 the second example depicts only ome individual Bubatrate 2.

All the numbered elements in this figure are as per Fig. 1
and Fig. 2. Thisg example ig different from the first example
of the invention in that the photésensitizad glectrodes here
are formed on the indiv@dual substrates and counter

20 electrodes - on the common substrate. ' |

With reference te Figure 4 a partial planar view of a PRP
depicting only 1 individual substrate is presented.
Additionally, sealing material 11 and £illing holes 12 are
25 rshown. The holes were used for- vacuum back filling of the
cells with an electrolyte. '

With reference to Figure 5 a shared flexible substrate 1 ias

prepared in accordance with third examplé of the invention.
30 The substrate comprizes plastic sheet coated by transparent

electronic cénductor 3. The transparent |



el ectrical conductor of TEC material and to provide for electrical
connection four Ag bus-bars 6 are deposited onto 5 the TEC as shown in the .
figure- On parts of three (out of .four) isolated regions of the shared .
substrate the circularly shaped counter electrodes 7 are formed such as 8
equally spaced counter el ectrodes belong to each of the three isolated
regions. This wll provide for 8 PPC in-eah 10 isol ated region of the
shared substrate that wll be connected in_paraIIeI.-Threelg;oups of a

PPC. wi | | be cBRfEPREC i99ndwiies® 2 Fittdrst 1aenst deeirisftiE gure G Wth
reference to FigplrateB eedibex iyl BhdRRolst e péunard 4i n THhealezoaredance wWith t he

third exanpl e g{edf8chN\RNE@GRdr dherrcPRb&Rattddd E8SRb Badrsepar ed shared
substrate (sho det al 24 jindivjdual, substrates 2.

in. |s, .in Fig. _5)._an
Each | ndi vi dudit *SEIget 5?8"%%%8??5%% ¥ ?‘b‘%‘g?‘-”%r‘? FhF PR PR ensi ti zed
el ectrode i fohqdEC Fhehowdiv dawl £ig0rsubPrreads sbabede wich ¢he shard
sugst r St eI in E #6812 18Yadclateyithe @Qh@sﬁm&ié&aei_’fﬁ hﬁgaﬁrﬁﬁi_j&ﬂ‘l@b
i ndi vi dual substrates ) ter S, t he_shared substrates.
The 24 2pC at BoPR R 1ot 7. SaF SRR bupB o BoeMLET, Thog T2 o™
el ectrodes and®Bpiss FREPIESUBEETCrefet PROTRS CRi £arPaoF ddext %l ectrol yte. The
cell's are connestefteinrgdfibak| elrnis Wnaupsoviak fdir eeplyy igxdsihnal el ectrical -

connect or ;4.3 80 delaSELNieR o 1A AAUAR Alosdlall BLEGHAIGA I unps 14. The
positive and negative ¢ Scttical termnal ‘of the PPP are also showmn. .~Y
13 Cains 1_ ZOHHEESE| Ve PROCHENT cal PROFSIBFt e & PEatL¥P%) 5 conprising
a nunber of indomicgitiall Bulbsti=st es andhar shkavedtragadsio gleuxd fe substrat es),
wherein the substrates are electrical conductors or at |east '

With referemce to Figure 6 a flexible PPP is prepared in

15  accordance with the third example of the invention. The
patent utilizes pre-prepared shared subastrate {(shown im
details in Fig. é) and 24 individuzsl subastrates 2. Each
individual subgtrate comprises Ti foil, on which a
photagensitized electrode is formed. The individugl

20 substrates sealed with the shard substrate in such a way that
the photosensitive electrodes of the individual substrates
oppose counter electrodeg of the shared substrates. The 24
PEC ake formed by £illing spaces between the photosensitized
electrodes and opposing counter electrodes with a xedox

25 electrqute; The cells are connected in parallel in groups’
of three by extéimal electrical conméctors 13 and in series
(in gréups of 3} by slectriecsal jumps 14. The positive and

negative electrical texminal of the PPP are also shown.



partially coated by an electrically conducting material, at | east one
substrate is substantially transparent to 10 at |east a part of solar
radi ation (optically transparent), - at |least two of the individual

substrates are provided on a conmmon surface of the shared substrate,

Phot oel ectrochemi cal Photovoltaic cells (PPC), each 15 conprising a
phot osensitive el ectrode, a counter electrode and an electrol yte di spensed

between the photosensitive electrode and3the counter electrode are forned.
bet ween the shared substrate and the individual substrates. 20 2. A PPP
according to claim1, wherein at |east one substrate conprises optically
transparent material coated by a Transparent El ectrical conductor (TEC).

3, A PPP accordR#FE to claim 2, wherein said optically transparent materi al
aim2 and claim 3,

conprise gl ass. orAQl}l@\s_g,é;pe 2ok RE. L o :
wherein sakd TEC Ocog:{ﬁ scés T uméé?ﬁe 89&% g S?Fﬁel FPhdi um tin oxide or
metallic mesh S. '8P &Sr?ﬁr‘?}i’&rt%f C‘F‘Qi“ﬁ‘fdl‘almémtw knd ke ssabst r at es

are optically trafté{pareim (the(ubstyaiRRP, ageoeiing to claim 1, wherein the

shared substrate tmermﬂjs‘w&té@b%é &@%@hc%@. %t%{ﬁiucﬁgg all t € Lndividual
accor ding” t'6%€Fai m 1,

substrates are optﬂag@J[E[ M %&[1:5@ ent :
wherein the individual — Substrat ofip qqtgécq.pétyapo%@&n@matgﬂaland the
shared 35 substr&fel$38topts dabpyrateahs paberdnti82 1A tRERapatea€ CQy dance with
claim 1, Wherein sailbasphatieaenss tdoy8x S@ELEQME ( Lhges nano-particulate
w de band sem cogglgggstpg&eﬁg)or exanple - titani um I OXi d%) 14
" at least two of the individual substrates are provided
o & common furface of the shared gubgtrate,
- Phctoelecbrochemlcal Photovoltale Cells {PPC), =ach
15 comprising a photosensitive electrode, a counter
‘electrode and an electrolyte dispensed between the
Fhotogensitive electrode and the counter electrode are
formed between the shared subgtrate and the individual
substrates.

20 2. A ppp avcording to claim 1, whérein at least one
substrate compriges pptically transparent material coated
by a Tranaparent Electrical conductor (TECQ) .

3. A PPP according to claim 2, wherein smaid optmaally
transparent materdial comprlse glass or plastic.

25 4. A PP according to claim 2 and claim 3, wherein gaid TEC
comprises fluorine doped tin oxide, indium tin oxide or
meballic megh._

S. A PPP according to claim 1, whexezn all the suhstrates
are optically tramsparent. .

30 6. A PPP according to ¢laim 1, wherein the shared substrate
comprises metal sheet or foll and all the individual
substrates ares optically fransparent.

7. A PPP according to ¢laim .1, wherein the individﬁal
substrates comprise mebal sheet or foil and the shared

35 substrate is optically trausparent.

8. A PPP in accordance with elaim 1, wherein gaid
photosensitive electrode comprises nano-particulate wide
band semiconductor (for example - titamium dioxide),



Phot osensitised by a thin | ayer of dye and electrically connected to one
of the-substrates or its electrically conducting material. 9. A PPP in
accordance with claimr, wherein said 5 photosensitive el ectrodes of PPC
are supported by the shared substrate,: 10. A PPP in accordance-with claim
1, wherein at least a part of said photosensitive el ectrodes of PPC are
supported by the shared substrate and photosensitive electrodes of 10
remai ni ng PPC are supported by the indivilddual substrates. - 11. A PPP in

accordance Wi th Clgbfsknsiiherein said shared substrate is of rectangul ar
shape. 12. A PPP.in acgﬁgl ance V\)npt %T%iﬁ'ﬁ?’f fhereidselertirncidiydual

substrates are of “rect- “aPRprotithe ARt sHimpeor 1iis181eAxrPPR N accor dance
with claimi1, wheFePficthes shaeehl . substrate is divided into electrically

i sol ated regi ans, A BACHR I QHEH.2PQ .| east. one adj.acent individual
substrate gnd the,pPRC are forned be?ﬁ%éﬁ%rﬁg'i Herstdustsd substrate and the
opposi ng i sol at ed"regi on ot 'EheSShEPRe o5 PRAUBEE readpportled. b HRP i N

accordance with afiPreResdfstohoé.m 13, claim4 or claim7, wherein the

shared substrape hsrwage &Eorcﬁ%ﬁic)énﬁ{éﬁgir%ﬁﬁi'a‘hhcgit ed by TEC and all the.
C

i ndi vi dual  substg ise.metallic foil, WwHereidt {5h%F zspart
phot osensitive el e%%?(%%e%g%g&%naﬁl TEPELEFEFIEE e FEH MB 2006025434

PCT/ AU2005/ 001194"R¢ $B2%ade oibrfirateumid phistseas e vang LOWAISY ol ect rodes -
on the phPts of Twhinbleereimal bypicvebatsd Ledi ans, ol , DG st L
substrate. 1511 A £BBpi s, éEGQf&iﬂ@&%{i‘@‘gt Sl m 14, pErel R e " ndi vi dual
substrates are el %%tgi cal Ly connected P@*® 1- wherein said shared
Bubstrate 18 of rectangular shape.
12. A PPP in accordance with c¢laim 1, wherein said individual
substrates are of rectangular or cifcular shape.
15 13. A PPP in accordance with claim 1, wherein the shared
Bubstrate is divided into electrically iaolated regions;
each region opposes at least one adjacent individual
substrate and the PPC are formed between the individual .
substrakte and the opposing isolated region of the shdred
20 substrate. -
4. & ?PP in agcordance with any one of claim 13, claim 4 or
claim 7, whersin the sharved subgtrate is made of
polymeric material coated by TEC and all the individual
substrates comprise metallic £oil, wherein saig
25 pPhotosengitive electrodes of said PPC are formed on



selected electrically isolated regions of the commobn substrate. 16. A PPP
I n accordance with claim2, wherein electrical conductance of TEC materi al
i s enhanced by application 10 of a pattern of second. electrically

conduct i veworéﬁ IS8, 17. A PPP in accordance wth clai mPEB/AUMEY®lP4sai d
pattern of the second conducting material conprises netallic tracks forned
on TEC layer. 15 18. A PPP in accordance-wtth. claim 17, wherein said

metal lic tracks aretpéoigeiwiny FubsTREEEBARAE cAACid R th@KeE Of on
gl azing or polyneric material. 19. A PPP in accordance with claim16

wher ei n sai d secondthe @Rl iofe Shafepiartiicadd¥aienlped nerekdisn gt kke 20

t hi ckness of TEC coahifgh idupaeelra way. that regions of the substrate where
high optical transmttance is required (under or opposite the

phot osensitive 18-eBt rRRs)itar @cesatancpy wikd r elatmvel §. t Hherrda (the

first . elegtricall ynaGpiiat i ¥eodBtfldAl dre WBEEERSI OANBF 28nhEGEANS 1oOf

the substrates, where high electrical conductance is required, are coated
by a thick TEC . (taelextshde@daticadady| ysedatiedt regiang epfalthe’ cppmon pPpp
in accordance with gligd¢pk3 Wherein small holes are prepared in the

I ndi vi dual and/or shared 30 substrates; said holes being used for filling
the PPC with tRé-eheBPPolnt accoiianess/ WiuBY FLHAT/AUZBB 00 ectrigaRl. A

PPP in accordance Wbl tdi@ide?0e *ffﬁer&é&.fﬂ‘alle&_s Ehhhhogathy FH53 1Wathohhe
el ectrolyte the holes are sealed by a polynmeric material.” 22" A PPP In
accordance Mith cl apfn 28, rhbkeim safd second. electrically conductive

material.

17. A PPP in 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
¢onductance ig 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.



5 polyneric material conprises hot nelt material lamnated with netallic
foil. 23. A PPP in accordance with claim 13, wherein at |east one isolated

regi on. of t I substrate is further subdivided intg electrically
i sol at ed sﬁ’@&gw@ﬁgﬂand 10 the opposing i ndi vi dual subst EA{TAYL05p0 P4
divided into electrically isolated subregions, wi th each said PPC being
formed between parts of two opposing subr 6ions (one on the common
substrate. and &iot RerPBih tihe acepdlaare swbsh r afle)im 2hd whededn| adieir PPC

are 15 electricallyci onnected. i n.ser, i nferconnecting
material. 24. A PPPfP21§%§0?§§n§§QM¢%§§Héﬁ%wg%?ggﬁ%$ig% Fﬁ% %oﬁes are
i nt erconnecti ng nat eeadedily @ godgmbeloowataeriseparate part of the sub

regi on adj acent .t,0 pho ensj ti el ect .ode n-th_said PPC and a
separ at e part'oFthg %ﬁ% ﬁ%giééggéggg%%thégﬁcogﬁ?ﬂ?elédtrgﬁ%r%ﬁn(r§ﬁfp‘-th
PPC. 25. A PPP in, potvnenice matéridlai ntd@Bprides ei hbtsaimelti ntrerteanmdct i ng

mat erial conprises ' rticl nd/ or:graphite flakes. 26. A PPP
TRk VK Bhgi1 &7 2

i n accordance with erconnecting material conprises
nmetal wire, neRdl.lAcPPPshn wacerieace withi kcdaplail., IherAiRPRti Neast

e o b PP e B e R P
insul ating materi al supdi¥iateabl into pelermricaliyt eiddllated mulltiegionai Gnd
e o, ook S g e VRS RUSES TETL AR R Y 7
electrically isolated subregions, with each said PPC
being formed between parts of two opposing subregions:
{one. on the éommon 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+l1)-th
PPC. _

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

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

26. A PPP in accordance with claim 23, wherein
interconnecé¢ting 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.



polymeric material is hot nelt material. 29. A PPP in accordance with claim
28, wherein said hot nelt is 'nelted and adhered to the opposing

substrates_ 5 due to the heat generated in the interconnecti n&w mat eri al .
30. A PPP VR A8 nce with. claim 29, wherein the heat iBCT/4EN841EY by
an' inductive action of electromagnetic field. 10 31. A PPP in accordance

with claim13 wherein spaces that fornmed Bet ween t he individual substrates
when they are &8.a&heHPPo irheacshadankcsubsthat elatwe <9l edheréina said

hernmetic seal ant. 32. lA. PPfC.i n.accar dgncg vvi“tl%ld:cl aitm 31, wherein said
spaces 15 are fill 83 wrth % rAtdeey *8oa2% BTShF MRESF 8L -such as ol ecul ar

sieves. 20 25 230 A3%PP in accordance .with claim 28, wherein said hot
- . melt is melted and adhered to the opposing substrates
5 due to the heat generated in the intercbnnecting

matérial.

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.

20
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