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PHOTOVOLTAI C MODULE W TH FULL UTI LI ZATI ON OF SURFACE

AREA. TECHNI CAL FI ELD This invention relates to
wondosii24set | phot ovol tai ¢ devi ces (phot ovol t ai cPaDAUL®SH00844

and to Conbi ned Energy Generation & Storage (CEGS)

devices. More particularly this invention relates to

Nano Dye Solar Cells (NDSC) and to photovoltaic

nodul es based on NDSC t echnol ogy. A variety of

phot ovol tai ¢ devices are avail able for conversion of

PR P GEETRR P Gt SRR DI OREACE AREA.

devices (see M Green Third generation photovoltaics:
TECHNICALSFIERD hi gh efficiency at | ow cost, The

El ectrochenm cal Society Proceedings, Vol. 2001-10, p.
This-ihBent@ncreladesto mot%lmdllypmltalpeiévNBSCCpkaovmmc modules) and to

coRR By e, 45880 5, EREGBODBH Wiy i

invBR8bm pdiges te plansimnal Selet CelldVNIDSE) afd &eplstbvaltait Madlles based
Li ska, 990. 5525440, Method of nmanufacture of

on %G ted {9%¥cheri cal cell and a cell made by this
nmet hod; Andr eas Kay, M chael Graetzel and Brian

O Regan, 1996. 297, 900, El ectrophotochrom c,
Awaﬁ'e-gwso aﬁBOMP'Fﬁ:b%lsde\@qé are| P\ﬁ%‘ﬁggncf% %@Xﬁgﬁm nof energy of

elek?r%a RefSfadidlibn td/BicBRRE! drierdyTPTRsSRNACILAS 8lcoAVEItiOhS! Solid-state

ti- ceI | regenerative photovol taic
deplnes degectlk CresR Eh@dlgeﬂéﬁﬁ'%é’h"@vﬂ(t&"% (engepts dor high gfficiency at

low cbst, %ég&lﬁ Détfbchéﬁﬁ%i S@c@%ﬁPﬁﬁéeduNS& hasls206@1 -m8nyf 5:48a86d more

S|ng [and ti-cel'l regenefative
regsndly developed tIRGE devicasev | ces J. A Hopkins, D
Vittorio, G Phani, 1999. Exan'pl es of the CEGS devices
are disclosed in the International Patent Application
Exa@plesUaDte/ 9D 6 Esdevicasaefdhe dyrsc eprnsimest arel discigied, ifbihg following
U?R%E M Tul | och, 21-May- 04. BACKGROUND TO THE
ON

4927721, Photoelectrochemical cell; Michael Graetzel and Paul Liska, 1990.

5525440, Method of manufacture of photo-electrochemical cell and a cell made by this
method; Andreas Kay, Michael Graetzel and Brian O’'Regan, 1996.

6,297,900, Electrophotochromic Smart Windows and Methods, G.E. Tulloch and
I.L.Skryabin, 1997.

6,555,741, Methods to implement interconnects in multi-cell regenerative photovoltaic
photoelectrochemical devices, J.A. Hopkins, G. Phani, 1.L. Skryabin, 1999.

6,652,904, Methods to manufacture single cell and multi-cell regenerative
photoelectrochemical devices, J.A. Hopkins, D. Vittorio, G. Phani, 1999.
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Many thin filmPV device and, particularly, NDSC
devi ces, as of the type disclosed in the above

w@adosnt4sp2 are capabl e of being fabricated in apdBAUDREB00844
arrangenment between two | arge area substrates w thout
undue expense. One typical arrangenent involves two
gl ass substrates, each utijising an electricall y
conduct i n coaéﬁj@g' upon the internal surface of

Exaiples o the il CE§ e gisclased iy dife fteinaliena) e%atemfeApp"caﬂon
PCiA200aYdT0689t £ NeiopHoBLAStSY, IROSAYESIhCarRNS, Mtﬁu‘llbéﬂ Nh-May-

an electrically conducting coating upon the internal
4surface of the substrate, with the second substrate

bei ng polymeric or netallic. In sonme arrangenents, the

internal surface of said second polyneric substrate is
BACMEROUND POAHEWGERTIGN | Y conducting coati ng,

whereas in other arrangenents, said second polyneric

substrate conprises a polyneric foil |am nate,
Mapy ithin sfilrn gP\édpw@% andeparfeulantiaINGSC slediges,i asoftedypeisclosed in
theséﬂbk} é‘ca&étﬁ@ o[)b& ?éﬁtcg[édq %ﬂfa?? frgﬁgemecpt.between
exter sur ace may ['am nate nmetal” frim~and in

twaptange ae&ar suirptnatast wgthqm eJndMe expeahses Drieatypioah grreegeroentadvolves

tw&ﬁélggs Q@Ssﬁ}attes{ r(12.218I11 Gﬁl %gg%gﬁaﬁcérﬁgcﬁﬁéé %g%&'&?xftg% 'énternal
surﬁqetdfehessmimtram eAncstherdapteaI! arsangetneht inddlvée et firsthsubstrate being
asBF b Bl SREERS 2P BEHECHES B EBBU g th e
surfamnefp&feeambs&damtwntrc e ysecanmdswﬁstnaga béing) gcg?asrmgar rhétallic. In

nera hot i ¢ .devi
sofff draoapran®. e tanial sttie ol said SR ERqly Al Hisirate is coated
with taesaeat:mcatalﬁynsorﬁlueﬁw b@@ttdgy whiaebJ3i M: &hékg?ﬂ@ﬁ’géinh éls, said second
Se rat e ese regl ons a | CUl ar e actijve
PolBiG SUPSLATE CORTTERS ScHONPRS Il SBInas Hilsiae Adiagspkigstrically
corftluém'é méeer@i JUBReR %mdhu Agbeindietne Biigiddnsdifls Whél @ xteaitl surface
sem conductor. (e.g.. titani um dioxi de known as

may |bﬁa41§aﬁ)'“%f?? Qler@d”ff‘oa%'@ AtH ArePgemenGatherfyteraabpiiace may be

coftb@ By P Hfotall bR %Vraﬁ@é}ﬁét% Ithe sQbstiaté 3 AHadel & he%Pbr metallic
attaChed to the other Conductive coating or to a

mes e iee m}@mﬁbf@facw of the gubsirate i eoaed by oAl ditrieary oge of said

vt s SBefrh atopha o Setgty s, o9 i e s e

attaghegntranssarasy elgstrioally condsigting FkEGifcoatiag.vi dual

In general, a photovoltaic device comprises active photovoltaic regions, connecting
means to connect these regions electrically and dividing means to separate these
regions.

In particular, the active photovoltaic regions of NDSC device comprise a working
electrode of nanoparticulate dye-sensitised wide band gap semiconductor (e.g.
titanium dioxide known as titania) attached to one conductive coating; a counter
electrode, typically consisting of a catalytic layer attached to the other conductive
coating or to a conductive material; and an electrolyte containing a redox mediator
placed between the working and the counter electrodes.
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NDSC devi ces. However, such transparent electrica

conductors (TEC), which usually conprise a neta
wozidatsy2 or nmetal lic mesh, have rel atively hiBOT/AU2005/000844

resistivity when conpared with normal net al

conductors, resulting in higher than sought resistive

| osses for |large area NDS@ devi ce, which affects the

ef ficiency of the NDSC device especially in high

illumnation conditions. In one arrangenent, described

Mdn? NISCRhddlle designs ROER rbenémtafyea Uyed‘uimfbdwdtdi& ofsiedividual

N ARy BORRYE: U TECT ot SN D AR HCIGTaE T B ganicH usualy

cormsHte: a%bﬂél Qfmdé(@eér Phetaily rﬁéé‘rﬁrhé%t tetdtiven htdherethy when
coati ng inl'aid or surface |aid conductive

corgparggl rVé'g“ npFRals Bletel FARHFLOESa | TeFUlting AT dHORRS WQHn%PUQ?‘t resistive

loséé"scféPYarﬁg elr e Nm tdeQEeSWhlfcﬁQ#fe@fs RedNtieNG éfthe NDSC device
t hus reducing area available for the active

esqsh‘@!lbmlgmlwwr@jioarr@néwomsc This results in
reduction of overall efficiency of NDSC device since
only a part of solar radiation incident to the device
In arter arkangeiment,dsscikechindhe wopt aftcthesgylosaes areregyeed by the use of

corifie eﬁ’ﬁ%ﬁﬁ%ﬂ% %Jgﬁ%%ré Bgﬁler'nnoftJl@ctﬁéé|Igrcoﬁﬁhctn}ehﬁ§?enapFEF@@) in the

relativel
formemuaberst eidiaf daeesamrweqiaerazatiegn an @Q:Uﬁﬁé@ﬁtlmﬁjs) or inlaid

or %—iﬂi G 886%4%% W BB o7 e80! ?hé\lggﬁ QB@WCSH Qﬂﬁ&ctlng means

connectors Sep ar et
ocdmey\metamt et et purfaiecof NDEIbtdenltaiesoduleu ﬂwscreduang apea available

of surfac the phot ovol t u '
for by 88 chetey ARl PO RRL iR Pra Sl Dt 2 overail
effibiNHE)Ngf QEbSClr:] desicarsimej @y iavearobf sblas radiatint incidenbto the device
: e a toyal tai.c nodule that will overcone the
stri %&%a%ﬁt%?%@}{ﬂ%%Q%t ages in the art. It is a
further objective of the invention to provide a NDSC
nodule with effectively O%utlltzatlono

In angthe[asrangement, deseribeddp Mg PRk tese Iesees ﬁfeisreduced by forming

twd BY aibrd Qé‘lafl\?éli’"sﬁ?éll%pérmm@@b@eﬂ\ﬂahb s_ei’ﬁﬁl‘aﬂmgcbnd connecting
overall light” conversion efficiency.

thegpjirdeinalle Wihiny A1 Singie NG aRodue. pr \ﬁedég%l"vpm {5@%{‘?' afqnnectors
and/Bf Hép?ar&hw b&NERh kel s@ﬂé?é@’N B50T @ifce8 WEcasy 88rdih PArt of surface

properti es.
of the photovoltaic module, thus reducing overall efficiency of NDSC device.

OBJECTIVES OF THE INVENTION

It is an objective of this invention to provide a photovoltaic module that will overcome
the above-mentioned disadvantages in the art. It is a further objective of the invention
to provide a NDSC module with effectively 100% utilization of its surface area. It is
another objective of this invention to provide a NDSC module with improved overall
light conversion efficiency. It is further objective of this invention to provide a
photovoltaic module with combined energy storage and generation properties.

OUTLINE OF INVENTION
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OUTLI NE OF | NVENTI ONThi s invention is based upon the

realisation that although connecting and separati ng
WOrR@SA2436zUpy a certain area of a photovol t ai cPaDAdUb®S5/000844

the area occupi ed by these neans (and, in sonme NDSC

desi gns of the sem conductor el ectrode, the el ectrode

itself) is partially opti cgl |y transparent and, thus,

solar radiation transmtted directly or by refraction
Thisr invesitioacisibased hmou dhe realisatiorethat alihelighecannecting aind Isgparating

V. i Ci t [ taj
e\g/ |cg({§hg?acée%%b dHt %eé hégl lt%gﬁhgc Ile’%gaénnég c}cﬂh&ed by these

mmpa(laam mgscnmarN;DSCrﬂdsigmdoft tbe nemitdredystar saledtrode, the electrode

|tsélg gar]y gpff%’éelgetfar}s&érebgsgf gﬂ]ghot %’rorlgé%hén W’?ﬂﬂg%ﬁt hc? ectly or
bycmfraehrtre_cd)r pefitdioal thaoughd ¢his aesa qmumc éd ameebaa‘hllyw @¢onverted into
ele%gr%tge%\f ' %%]? Ppéﬁtté’\\%éel h@e%' nt e h%&y&t‘{ q@% sai conne&%g and

sepératiny oleaas.c regi on of the rear devi ce. The invention
provi des for photovoltaic nodule conprising the
following: - Three or nore substrates arranged in a

In @kwcéfmsa&mipméﬁﬂ ingéntic®l priolvidles foip tdnaeAN phatovbitRE module that
rates co a center substrate havi

subs
oSS 8higaskem SHAElEc" Dlerially et s IS ayaRIc dusgey placed

onBdéhind shoimdran aflichid why &l iReR@RREElinGas&fividinganéansSéf the front
outer substrate havi ngi an i nner and outer face, the

deyice 9pPesf 1B astive Phoipyoltas fegion af hRyear d8Viekat t he i nner
face and the first face are juxtaposed, - And a second
outer substrate having an inner and outer face, the

Thgéwﬁlao'@af%/rd@lj%whca@\@lta@u rmedue Fampesing the: ialiewinge sai d

i nner _f afgeQ 8 eﬁﬁf@oﬁﬁﬁ’% t%rféﬁgleéa'gg §CERBELASGd parallel

ar e j uxt ap ose ot ovo VI cCes are
f or med br@tab;eemam oneg am@herotheeeuxtlb@srcamnawd t he 1st

face of sal FF Stmsrér%gesﬁg’\ﬁﬁ%ms‘?aad se&&d %%8% B UbAUbstrates back

devi ces aré second ou
to back having displayed first and a second faces,

- a first outer substrate having an inner and outer face, the first outer
substrate being arranged so that the inner face and the first face are
juxtaposed,

- And a second outer substrate having an inner and outer face, the second
outer substrate being arranged so that the said inner face of second
substrate and said second face are juxtaposed,

- front photovoltaic devices are formed between said first outer substrate
and the 1% face of said centre substrate,

- rear photovoltaic devices are formed between said second outer
substrate and the 2" face of said centre substrate

- said front and rear photovoltaic devices are offset in such way that
connecting and dividing means of the front devices oppose at least partly

the active photovoltaic areas of the rear devices.

In one aspect, the invention provides photovoltaic module, wherein:



10

15

20

25

30

substrate and the 2nd face of said centre substrate -

said front and rear photovoltaic devices are offset in
wageeel/1sy2 t hat connecting and di vi di ng nmeans oOPCT/A®2005/000844

front devices oppose at |east partly the active

photovol taic areas of the rear devices. In one aspect,

the invention provi des phogovol tai c nodul e, wherein: -

Said front photovoltaic devices are internally

conneet e3hid drohb photavéltaicdevioes aeg interaally comrectasuitactorm a front

Said re o "qglféomlrgo&g%(l ces are internally

connected to a rear two term nal power source The

phot ovol3aid cearpiiotovoliaic devicesyaredntelmially xeprextedfo folma a rear two

i nventi ical termnals (4-termnal
nodul e) q%@“ﬁ%'ﬁ”&&%ﬁﬁkl Tt useful to i npl enment i nternal
Thecphmmltansmbémlemotdmg fto ¢t aspect be theeinvention has 4 electrical

A oooltalc de s to forma joint two term nal
te"% \ﬁ(i t&UP'@é" m?ﬁ'élefnventi on provides for parallel,

seri es and m xed parall eI series connections between

ont nd.the re V|ce ithin.the joint
we Biv febpa B fiaridB mBBmars @el hoactent bhiNeBpdhe diopt and the
redifgsttovdlthitedévicesy tos fopst aq@ﬁ( $yo temBRabdEvdrnésifce. The |nvent|on
i cal connections between the front and the rea

el ect
ProkisiGe 6 PRIV SeriES Gnd mived SpcRlelpies cagaians: Betwesp the front

andPtHib redt B6vics ithiAlthe RBNGE teriindd PEWED sélire. Nserted in
each said hole(s) and/or said hole(s) are filled with

an electrically conductive material or non conducting

In 'BRECEMBbAIfRNY -hofRS)P B ntHdRZ M) the hﬁ{n%Pstberﬁ?eFQ f®Nenable these

el ectrical connection between said electrica

ele@ﬁﬁéh@@ms’n%ﬁgt"%ndthélfm randatheyregp NRRE i dRyices. One or more
ele@ﬁ‘fcgf dtldu t%Péjg EBEP cgﬁa&ﬁﬁ p%@‘fe‘§i a?é ﬁ%ﬁé&m each said

conduct or strates an seal
holi(s) eqnsiyor sand y@te(a)nmeh@ledawnﬁeen eleﬁecalw\mmugwmmter@wr non-

ool SRERNET I 8" pionte G, BP o BErEbGE comecton
betveencsaid eleatrichl owbaduttortehand ssaid @dnqtnlaadiylop.nduct'rr@cnmmial, and
formﬁwﬁo 8 :t%g? rb%%ea{] gaiﬁ eeéféctr(i‘ga\f 'cSﬁguc%}(as)f aor{c{r?éjld 'sﬂbgtygtgs %nd sealing

said hole(s).

In yet another aspect, the invention provides for incorporation of a diode element in
electrical path between the front and the rear photovoltaic devices. The diode element
is electrically connected to both front and rear devices and formed in such a way, that
electrical energy generated by the front devices could not be dissipated in the rear
devices, thus preventing loss of power when the rear devices produce insufficient
voltage. The diode element comprises at least 2 layers, the electrical properties of
which are adjusted to form a rectifying p-n junction on interface between these 2
layers.

In one embodiment the said 2 layers of the diode layers are based on the
semiconducting oxide. One of these two layers is doped with donor-, and another -
with acceptor dopant.
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el ectrical energy generated by the front devices could
not be dissipated in the rear devices, thus preventing
wo oms/1pfsopower when the rear devices produce PCT/AU2005/000844
insufficient voltage. The di ode el enent conprises at
| east 2 layers, the electrical properties of which are
adjusted to forma rectify ng p-n junction on
interface between these 2 layers. In one enbodi nent
the said 2 layers of the diode | ayers are based on the

In fﬁﬁlﬁ@r@ﬁ%&héﬁgth@@aﬂﬁserﬂ&,@ndﬁctlb RxRietigahé aamesmatendlcmedsed in
donor -, and anot her - accept or

the INPE R evisaon e ATElEn 96 AYE SEIESARIIIPAL CUlAe seiconducting
|y%he same material as used in the NDSC device for the
ormation of dye sensitised nanoparticulate
sem conducting layer. The invention specifically
Thé’(n%r'\tﬂﬁxsﬁpfe‘&ﬁlcﬁw providks €t lﬁiflsé\t“aﬁ%f NS S @Bvicks. Frof6he aspect of
e I'nvention, the photovoltaic nodul e
theaomnpee&emmwal%@gdulﬁ C@mnﬁsaatNEbﬁ’vp\Memeét'mmépmbmatlon with
othgpgﬁ&\ﬁ%lfa?ﬁzﬁegi@é!é g@ﬁerrﬁn $Im t&ﬁ'd%sfe& 'c{}@v@es?@r@ﬁ'\ another aspect -

rom an aspect - rear and front
botp hearand frant Ohdwblmdavl@emdﬂﬁ.ﬁ@ldéélﬁs If only front
(or only rear) devices are NDSC devices, a dye in
t hese NDSC devices is selected to be optically
If onlyrfponit r(mmmmy yearpdenices arei NIDSC ievises.ca dye ircthese NIRC devices is
sel%t:tg tﬂﬁ @%et%gﬁg c% hmteﬂta %8r%§°?&{,°?'2%§1%k@'kﬁ§(;% tR& other

I'nventi on

. devigedUleqy. —\tb absbmtion clmacteastmmrﬂ& hm jundtion).phot ovol t ai ¢

devices are NDSC. In one enbodi nent according to this
aspect of the invention a photosensitiser (dye)
The!tinbérstit ipfoviddsd foreNDSIBVinodsle| swiogrt ibmdh | the rear and the front

conpl enent.ar hot osen til d .
oS e oD AR SRR, AL i ot of e
invahtfors €4 € phedsknsitides h ( d\ﬁe&) tufiidedt hai rsa@pt iezal debises bmncaptlcally

functi ons when overl a bst ant

comBiPmepfan: b dRe SRGISPORISAT UGS &k Ao IEnt HRASTS, oHe pelies that

froﬁ\bérﬂ PéarFHy%E &r8 Weledtddyini sudhl way Bt tthélf opficl %bgﬁﬂbéudi’é functions
bei ng substantially transparent to the red

when ovﬁ@anﬂsécqueh? e SHDSANtA) PAE ©F SalRT FPemus- d@@"ﬁf%‘ﬁ@'e the

froh€&e absorbs preferentially in blue part of the spectrum, while being substantially
transparent to the red part of the spectrum, which is successfully absorbed by the rear
dye.

In one type of electrical connections the front NDSC devices are connected in parallel
with the rear NDSC devices. In this case the front and rear devices will operate under
the same voltage. To ensure that the voltage of rear devices is the same as that of the
front devices, while the front device receives the larger proportion of the solar
radiation, and, thus, produce higher current, the invention provides for adjustment of
electrolyte composition of the rear devices. This adjustment may be performed by
varying relative concentrations of the redox couple components, by varying chemical
composition of a solvent, or by varying concentration or composition of additives to the
electrolyte. In this embodiment the invention provides for two different electrolytes :
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dye. In one type of electrical connections the front
NDSC devi ces are connected in parallel with the rear
wORBE128u2 ces. In this case the front and rear PCEXUZ®S/000844
wi || operate under the same voltage. To ensure that
the voltage of rear devices is the same as that of the
front devices, while the fgont device receives the
| ar proportion of the solar radiation, and, thus,
on r'ofgmf‘@ frenjievices and enothen e foithe rearpdevisesy Whike netopreciuding the
usé@f‘ﬁ?égﬁrﬂ& e@gctr% Eﬁ&"n%’ddﬁ}(rgﬁ'%'éh'a t€Hst dE%%uéf?Qé cell thickness
devi ces. Thi s adj ust nent per y varying
angigr &haﬂaétecf@mseﬂft %atsem@rﬂﬂctpheThe@q @keqtr@umSaare selected in such a
wagotﬁﬁlo%]&b% of % \ﬁ%hy NBBCE BETEE %hl?ﬁ’ @Bﬁdér' é?ﬁarolfad%tlon incident to
yl ng concentra
thea aidfier isveiaca of thlee1 sébetct subsfirate of @ subssqmmmotnewe surtace of the
f
firdt %}G?err‘ tshﬁé\reﬁé 99’%&1%? \sc:;rgc{le%ste‘gﬁbmgn\{)otﬁég@ bt ﬁ'{eer% Jé\y {:eg Sﬁhl&ﬂ%celves
sodevadiation atienuatebby he flootidenjce hed utseintercdrimecti@grand separating
meegngctrol yte and nodi fyi ng other characteristics such
as cell thickness and/or characteristics of the
sem conductor. These el ectrol yt es are selected in such

i | f ichis
i FgtBY elBBbin e PEEy Bl ori SERE pRobYRR febions i e e evices
is adpistesit to wheures thas tthatvehads regleubsﬁqheﬁteaprdwe;@t hneesubstantially

unﬁ(Pr r aﬁﬁgﬁgqtﬁg%y ab% Etalépgetr rtﬁ)zuﬁléltg:lsa fgggéqsf@ﬁloi Et%n{ when the rear

ant aheiffont dévtey afeaehriviected lﬁts*eﬁésl@hédtrkyefbi’ée eldchial current in the
ce and its |ntercon ecti ng ﬁug) separating means.

froP G e PaLTIB TS SR A TR D R oo HEVIgER-| ve
photovol tai c regions of the rear devices is adjusted
to ensure that the whole regions of the rear device

It igressental ithst the) |1 Qier Hostrpte and,thendpaer swbstiate e gybstantially
trahé’é’ér@ﬁt‘ The IMnﬁoh PraviR_gbRra Widd @ﬁgéto?'?ﬁatm‘éw td %gﬁlaade utilised

front devices are connect I N serl es and,
aStth@r%abétr@t,eSefpéahptoyaltaI@ unediie. Innone,enfhogimenicati least pre of the

suﬁ“‘%ﬁ‘és E%é&\?ofjl t % t rla? u@{bﬁ:ﬁﬁ ItRe tl*"%u{e‘? @Dbﬁ?éf% %f\ﬁ the central

I'S essentl 'er substrate an
substrate argbetadat ef ala@tleubeheaah iveergas thersPhrsehstratehis metallic or

mété‘lﬁﬁ}frﬁé}qaﬁ r]%‘l’és g@ssé)s rﬁagh%éﬂl}%ﬁ? rtﬁ? %eﬂflor\'@l{]o Jg\%lé rt%&ac;f metallic
meshdolany df the theee sbbstrates)thostever drs theopreferfed fealisation the metallic

mesh is used only in the 1* outer and in the central substrate.

In further embodiment in accordance with this aspect of the invention at least one of
the substrates is made of glass.

In further aspect, the invention provides for energy storage within the NDSC device.
NDSC devices are capable for storing energy. The energy storage properties could be
enhanced by modification of titania layer, and/or electrolyte and by adding carbon
particles. Usually this modifications result in improving of energy storage
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substrates is made of flexible material. Typically,

the 1st outer substrate and the central substrate are
woremes/ 1D80pl astic material, whereas the 3rd subBtT/AUZ005/800844

nmetallic or nmetal/polyner [amnate. In sone

real i sations, the invention provides for use of

metal lic mesh in any of thg three substrates, however,

in the preferred realisation the netallic nesh is used
In enpe pmbadiment,itbe fignt devieasdare predaminantiy photevaiisicrdavices] whereas

g e B A PR e B BT e YT T o2 rnde

of glass. In further aspect, the invention provides

f i 1 i 0. i .
B804 288 4 ekt Srd P Syl Sgress e rer
degices ampeenmargy storagesdevingis de lge capratitosebatheriespelict)i cat i on

of titania layer, and/or electrolyte and by adding

carbon particles. Usually this nodifications result in .
In yetpfudkemaspett efitbe dyvestion dgefront@nd reaibbRDSCetévicdshare built on one

r,ont devices are . predom nantly photovoltaic devices, .
subfifiie 81 655 o SBErieRl GRipsibalafidRiRel fvereay” SF electrical
coihetarge (¢lgVvi TES . layer, abeineeting ninedhsie nthus t pdvidigtfor monolithic
._.devices are photovoltaic devices, whereas the rear
'“ta%f\#‘-ide%"%ﬂgs"geﬁ rgy storage devices (e.g. capacitors,

batteries, etc.). In yet further aspect of the
invention the front and rear NDSC devices are built on
one substrate in a set of subsequent deposition of

DESORIPTIORYOF ExAMPIs el ectrical connectors (e.g. TEC
| ayer, connecting neans), thus providing for

Hayisigorarirayed thetnaiirg:of dhepiesrldRestion pEogRIbeT phRatticular examples

wilFri6WiBk e sEld a8y RaY bf AYGFatibRRnAtIH R RlloiMg dHsBRSYN, [)eference
a nunber of qg@a\;tl cular exanples™w || 'now be

1 nventi on, _ ticular
willjbe g1adeda the acaempenying(diawings inomhiel y. | n t he

foll owi ng description, reference will be nmade to the
acconpanyi ng drawings in which: Figure 1 is a
di alggarenthtis @ diagsammetic iccosstsecliongl (view (net tocadalg) off 44 terminal

t er(y C I i S i .exanpl e of
themlaggl edn [ oncgrg?‘gﬁrﬁ%ﬁ%arm %ﬂséégﬂ'gﬁléagﬁg%\%mgﬁ{
cross-section illustrating the physical construction
Figure 2a is a diagrammatic cross-section illustrating the physical construction
(not to scale) of the 2 —terminal PV device comprising the second example of -

the present invention.

Figure 2b is an equivalent electrical circuit diagram of the PV device
manufactured in accordance with the second example of the present invention.

Figure 3a is a diagrammatic cross-section illustrating the physical construction
(not to scale) of the 2-terminal PV device comprising the third example of the

present invention.

Figure 3b is the equivalent electrical circuit diagram of the PV device
manufactured in accordance with the third example of the present invention.
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(not to scale) of the 2 -termi nal PV device conprising
the second exanple of - the present invention. Figure
w@boosa2@m equi val ent el ectrical circuit di agrar@DAULIE/000844
PV devi ce manufactured in accordance with the second
exanpl e of the present invention. Figure 3a is a
di agrammati c cross-sectiongillustrating the physical
construction (not to scal e? of the 2-term nal PV
device conprising the third exanple of the present
invention. Figure 3b is the equivalent electrical
circuit diagramof the PV device manufactured in
Referdng darkig. W tife dbeice Hs ridrmesdaptvecenf at 17 ontersautistrate 1, centre
i nventj on. Ref gy ri evice. i s, fomed ..
subgiife i, 8 2 g Llipleatad oinner Guffrss S55H S 27 outer
subsichtés amuzi bgthtfaéesstbetﬁé cahtee Bubsltﬂag@%rescﬁfafiﬁsﬁ aQ?yd@(t?f Fransparent
0 st S an ot aces of the
eieerRd b STECLT e TR HEE B Campaye fudinerdChec il erige. Each
TEEi E64tinQMNs |ividet Id @épérﬁﬁ@leétncé' isdiated ARYRINSCIHYTEOIEBN lines 5,

| uorine doped tin oxide. Each TEC coating is divided

p"‘?dh‘f‘%d s@béﬁ‘%ﬁ’ e9"0PURg:r iSeRRIAIE] NIPSF clevieas G fRyned between the

opbéﬁh@bé@éﬂoﬂ thESs re':glorﬁsr Osktweeh Mnel ?&ﬁ%f%é’@*"oﬁﬂar substrate and the
Separ at ed NDSC devi ces are forned between the opposi

13‘63% of Bie ¢andiecsybsatendront geyicgsaandrpiveen dhe dner ﬁ%cq@fg the 2
oufhlsBbstPHO Btiah€ 20Mhck tH@Eerftﬂ@&JB%ftraté“?eﬁre@é\ht?es) Each of these

substrate (front devices) and between the I nner face
deytes RemprgesOMANA-Patiedate-dye-sangitised |ed of ditania{werkiag electrode)

6, PEBLES §é’tgﬁ/h{: UyRr (EKR rdeﬂ&tgﬁg 7 &C8ello O,E/q%e@eﬂ@‘ﬂd?ﬁ%ewces

conpri ses ano- partl Ccu at e sensi ti se ayer of
are iqoane@teqvmmerwg By egsnneeting means bhdungstenalcondusting particles

nlrb%g %d d’gw ?@%&g@@%ﬁﬁga foﬁm@ﬁoﬁtl ;?a‘?nlcgfoélé(étﬁcé? ter ﬁals whereas

themaﬂhvellro(ﬂt tenpiriabis tvmedoan the psérfacecbiemeemwds@bstmte) and the

ool Ay e B ey, R e T s e
seéled fioch emvitohmebtby éepizeamfg (Uhmjumgannemssmf)st rate and t he
t he inner, fac

S TIG, 155 60T A USSTHE GRRAeEd By EBAPClanT B, econd 18&F pair o

elef;n’ldat twnminzls, withse pesite regr ¢etminalibefng praeeds od 2he inner face of the
f8|" arI g%ttgggﬁd ﬁé%\rn%g\éweez?%r t(%arr(r:ﬁ)nrélﬂeCt ﬁ'nd |2Eh ?aclreI SF the centre

substrate.

The working electrodes (active photovoltaic regions) of the rear devices are placed

behind the connecting means of the front devices.

A part of the solar radiation incident to the outer face of the 1% outer substrate is
absorbed by the working electrodes of the front devices and converted into electricity
available at the front pair of the terminals. The remaining part of the solar radiation
passes through the centre substrate and after insignificant losses is absorbed by the
working electrodes of the rear devices creating electricity available at the rear pair of
terminals.
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electrical termnals, with a positive rear term nal

bei ng pl aced on the inner face of the 2nd outer
wenstiz@adve and the negative rear termnal on tPer/2oehos/000844

face of the centre substrate. The working el ectrodes

(active photovoltaic regions) of the rear devices are

pl aced behind the connecti nmeans of the front

devices. A part of the solar radiation incident to the
Refeming té hige 281 theltevitetof the sacopd lexamateds ifermgsssimilany toythe device

t ' eclr Q Vj :
of 8, 151 Sxahe, T ci2ise ol b BRfectl ey dpterml grectical
coofedtioa(s) & atenalage thitorghahricentng substratef,  trhaddibbmrto ensure that

voli e, B R e e 'SR ok Y o HRQ6 B I gices an

eladtretyte 00 éssutiited irethe eadir dbyices £Fhis tesrtalautrobite st 10 giffesent from the

avaj laple at the rear ir of termnals.Referring.to .
oIS oRinepli b rBRidevEias gbliaL FErSirmcnCoaypdaLleh resuts n
voaaggé h@héyg%a thbtf?pldﬂ?bétﬁ b?ﬁt:é frent élFéﬂrqlﬂtéa.mdlelE thel 8ame irradiation.

redyce nunmber .of external term.nals internal, . ,
Typiealy fhecieer Sevifes tacaivedssonap G dean fediRiN deniges so, difference
in eleBroIfle chehsiédl abMpobiflomersured that e AP HAE tHdWént\delvicad Broduce

of the rear device is equal or simlar to the voltage
the,parpR¥ok3get devices an el ectrolyte 10 is utilised in

the rear devices. This rear electrolyte is 10
different fromthe electrolyte 8 inplenented in the

ReferRg tQ Eig 2 8ach NDSSt device istianpted by-aypben 14 and resisiance of the
cohflectiht AtkankI-BA\Phurhbé™ 3. NRTB B @ @HE fé fht dagicks QFH D & E are the

el ectrol yte under the sane irradiation. Typically the
rearvicgsyi ces receive less irradiation than the front

devi ces so, difference in electrolyte chem cal

conposition ensures that the rear and the front

Referving ¢ Fig- (36u§|5@ twpées@inel dayicezafdhe thideexammpie isoforned Mithout the
coﬁﬁ&&inyDﬁ%aﬂgy ' lig mgdbgyfoﬂﬂmgeﬁdj%%eﬁn%rking and. counter
means - Dy nunoer 137 A

resi stance of the connectrl on
eldgtr@dées ansepamtdd rmgionsafiTeds coatdd facksof @ach tshibstrater The devices

ardy el cSonslat c R e Sparting vt o HBaf el et o gmeri
imgﬁrgm?gllje'rl]'imi:?arias (@chineadiftedosilicoae)ri ng adj acent wor ki ng

Referring to Fig. 3B, the equivalent circuit diagram shows electrical connections
between the front devices A, B & C and rear devices D &E. |
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el ectrodes on separated regions of TEC coated faces of
each substrate. The devices are then separated by the

waee@anatsong (di viding) neans 12 made of pol ynePCT/AU2005/000844

i nperneable materials (e.g. nodified silicone)
Referring to Fig. 3B, the equivalent circuit diagram
shows el ectrical connecti qgs between the front devices
A, B & C and rear devices D& . Cains 1. A

Claimt ovol tai ¢ nmodul e conprising the following: - Three

dr Arpbotovelipis maeguisscorpprisingeiefelloying: osed- spaced

paral | elrpr&d agd onghl Psdtatrafed aiinged . id g LWietisphesd parallel
conprising: - a centre substrate having first and

second frelgtienshiprtoians aneker + the SYbHEARS EFNBEERI-havi ng
di spl ay %gc%&r(e%hb%e _"ha@i‘ﬁﬁ Qigsg g%@%tﬁéond faeef, drﬁ\fé/o f%_Ubﬁ{‘ates back to

substrate having an i nne outer face, t irs
out er sesk havieg bisbiayed firshage @ segonthiaceshe i nner face

and t he _sai ' LU e - S
out er Sl%g{s?é{déérﬁgé%s?gé%a%%?‘ﬂ eérﬁ]i ang o%%dero uréggfg?e,tﬁ%oﬂ%t outer
second eubstrate Wedtgrartangedisoghal tharinpat face andthe srid first face are
i nner fatg oJ gecond substrate and said second face

are | uxt )g 84" - front phot ovol tai c devices are

f or med lmetveesecondi alitéri substratet avirgudrs tnnat enduodterliacel ¢hhe second

e o A B ST e RSB B o e
t he froninddaid second faceesre jytiadased) t ai ¢ devices are

e, e S0l SRECRY P GRS g My Woberae
phot ovoldndi thed€\facesf sai¢ coftfessibstratesuch way t hat

Co et e o s il ch O A bRt o el o
devi ces.the front devices,

- rear photovoltaic devices are formed between said second outer substrate
and the 2" face of said centre substrate,

- said front and rear photovoltaic devices are offset in such way that
connecting and dividing means of the front devices oppose the active
photovoltaic regions of the rear devices.

2.A photovoltaic module according to claim 1 wherein:

- said front photovoltaic devices are internally connected to form a front two
terminal power source

- said rear photovoltaic devices are internally connected to form a rear two
terminal power source

3.A photovoltaic module according to claim 1, wherein the front PV devices and the
rear PV device are internally connected to form a joint two terminal power
source.

4.A photovoltaic module according to claim 3, wherein diode layers are included in
electrical path between the front and the rear devices.

5.A photovoltaic module according to claim 4, wherein the diode layers are based on

semiconducting oxide.
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2. A photovol tai c nodul e according to claim21 wherein:
- said front photovoltaic devices are internally

weonsazerd to forma front two term nal power BOLIAT2005/000844

said rear photovoltaic devices are internally
connected to forma rear two term nal power source 3. A
photovol tai ¢ nmodul e accordjpng to claim1, wherein the
front PV devices and the rear PV device are internally

&;Amé\@tcyoltalg niagule acqasding to wi@ir S whereln halegs) aromade .in the inner
|1 d j
di odﬁg g’s ogr éaﬁg {%Q F%ﬁ e "Esi (t:)g%w@pat %eb»@&r gh&] the rear

thepmatovultaamnbvides rear devices. 5.A photovoltaic
u r di e iode | a
8 DBl e A iog o, A B sl Y ok H6le” etectrica
nodesreluatoro adi ingertenl inleacnsdidwote(s). N hol e(s) are nmade
B BT e B 6, WRErerLa) last one of the holes i
phoﬁlwdohntrearceléemcsls,Sconauéwwﬂht@mall tai c nodul e
one ofr, e electrlc

& Raphogiatals dnpde Betbing o pam; d- rshee) e, Wil of actve

phopgatevdiRic r dlh& eofafeorgdrndelifes ligi 1856, thahethel Width of active
| east one of t holes is filled with an electrically

conBtﬁ?Y@@"h’ﬁﬂ@P?&fthe@f"%tﬂﬁwf’%ﬁ/ol tai ¢ nmodul e according
. AlphotBvitaivitidid aéddrding & Bnpbf helpréce &lawsl wes-:em at least

regions of the rear devices is less than t
act PR oh iR 63id| Rhatevaltaigi drvicess camrrises (e %@\ﬁ't@ég nap@partlculate

A pB?&WIH@bSnJ’BQ#‘ kemRoRALELEhd &h él%tr&?tetlﬁyger (N E?C device).

precedi ng clainms; wherein at | east one o sal

pﬂoe«cph@tqvalt@c madulecaccorting fos@aimi@ whareintthe egpr devices are NDSC
nangiEds! it} 8anke Bhedl i BRRrap semi conduct or

and an electro vice). 11.A .
plofAphetavaltaic magiviecacoosdingl tangjaino 1@, vehereinghe vgasidevices aee NDSC

reagedad e AU6 MMSGD in the rear devices (the rear dye) is optically
complementary to active photovoltaic layer of the front devices.

13. A photovoltaic module according to claim 10, wherein all the rear and all the front
PV devices are NDSC devices.

14.A photovoltaic module according to claim 13, wherein the rear dye is optically
complimentary to dye utilised in the front devices (the front dye).

15. A photovoitaic module according to claim 14, wherein the front dye absorbs light
predominantly in blue part of the solar spectrum, whereas the rear dye absorbs
at least in red part of the solar spectrum

16. A photovoitaic module according to claim 13, wherein the front NDSC devices
are formed on the 1% face of the inner substrate and the rear NDSC devices are
formed on the 2™ face of the inner substrate.

17.A photovoltaic module according to claim 13, wherein the front NDSC devices
are connected in paralliel with the rear NDSC devices.

18. A photovoltaic module according to claim 17, wherein the electrolyte layer of the
rear NDSC devices (the rear electrolyte) has chemical composition different to
the electrolyte layer utilised in the front NDSC devices (the front electrolyte).
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devi ces with enhanced energy storage properties. 12. A
phot ovol tai ¢ nodul e according to claim 10, wherein the

WO e@s/124802 ces are NDSC devi ces and dye util i sePCT/AULIDES/000844

rear devices (the rear dye) is optically conplenentary
to active photovoltaic |ayer of the front devices. 13.
A photovol tai c nodul e accdBding to claim10, wherein

I, the rear. and all_the.front, PV devi.c '
Joun obrovefbic il arbPaine. & bal o ¥ ATl i intgn ot redox
13, coubirinitine tdut efettivlyttyis less thph iteatdnceotratiin ofenetiax youpde in the
dye utikgfed in the front devices (the front dye). 15.
A JFSE 6ESIPYI& nodul e according to clai m 14, wherein
the front dye absorbs light predom nantly in blue part
of the solar spectrum whereas the rear dye absorbs at
least in red part of the solar spectrum 16. A
phot ovol tai ¢ nodul e according to claim 13, wherein the
front NDSC devices are forned on the 1st face of the
I nner substrate and the rear NDSC devi ces are forned
on the 2nd face of the inner substrate. 17. A
phot ovol tai ¢ nodul e according to claim 13, wherein the
front NDSC devices are connected in parallel with the
rear NDSC devices. 18. A photovoltaic nodul e according
to claim17, wherein the electrolyte |ayer of the rear
NDSC devi ces (the rear electrolyte) has cheni ca
conposition different to the electrolyte |ayer
utilised in the front NDSC devices (the front
el ectrolyte). 19. A photovoltaic nodule according to
clai m 18, wherein concentration of redox couple in the
rear electrolyte is |l ess than the concentration of
redox couple in the front electrolyte.



