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DEVI CES AND METHODS OF FABRI CATI ON Technical Field This invention rel ates
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phot oel ectrical devices including display devices. Such devices may

i nclude, but are not limted to, photovoltaic devices such as solar cells,
or photocatal ytic devices such as those utilised for splitting water into
hydrogen and oxygen, or electrochrom ¢ windows or displays, or LCD or OLED
(organic light emtting diode) displays. Background to the Invention The
two properties of electrical conductivity and optical transparency in the
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i nstance, to faci pro essl ng t ranspar ent fllanents
serve to ret a.twn%nﬁﬁl‘@ttym&fa?”@ ofloOwaer algKefirtltgctical transparent conducting

materials exhibit an inverse relationship between these two essential parameters, and a
compromise must be reached between the two criteria for any specific application.

20 Designs for such photoelectrical devices typically favour lower conductivities so as to
achieve higher optical transmissivities, and ensure that appropriate high conductivity
current collection pathways (“fingers”) are spaced closely enough together so as to
minimise voltage losses through the lower conductivity transparent conductor.

There is a continued need to provide alternative or improved conductor

25  arrangements and fabrication techniques for photoelectrical devices.

Summary of the Invention
In a first aspect the present invention provides a conductor assembly for use in
fabricating a photoelectrical device including: a number of electrically conductive
30  filaments; a number of substantially transparent filaments; and wherein the conductive
and transparent filaments are joined together to form a flexible web.
In large scale manufacture of photoelectrical devices, auch a conductor
assembly may be fabricated on a dedicated production line and be delivered to a
subsequent stage of manufacture in the form of a roll, for instance, to facilitate roll-to-
35  roll processing. The transparent filaments serve to retain the structure of the conductor
assembly during subsequent processes. When fabricated into a photoelectrochemical



assenbly during subsequent processes. Wen fabricated into a

phot oel ectrochem cal device, the transparent filanments do not block |ight
from ent ewpregrovciesseel 1, t hus nmaxi m sing captured |ight &aa/Aebd9/001036
performance. The web may be in the formof a nmesh. The conductive filanments
may be aligned predom nantly in a first direction; and the transparent
filaments may be aligned predomnantly in a second direction. The first
direction and the second direction may b2 substantially orthogonal to one
anot her. The conductors may be forned froma material including any of
copper, Ti, steel, stainless steel; Sn, Pt, Pb, Fe, manganin, constantan,
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aspect the present 1nventi | des a bricatl ng a subassenbly
for use in fabiricainesgh %Oﬂ%%l%éﬂeef&emcwngdae@?%e SyRsfepdalydrepsmarcst eps of ;

provi di ng substrate; a conductor assembly according to the first aspect of the invention; and a
layer of transparent electrically conductive material associated with the substrate and
20 the conductor assembly.

The conductors may be at least partially embedded in the substrate.

The conductors may be affixed to the substrate with adhesive.

The conductors may be part of an anisotropic mesh.

The conductors of the conductor assembly may be disposed between the

25  transparent electrically conductive material and the substrate.

The transparent electrically conductive material may include any of carbon
nanotubes, ITO, FTO, doped or modified tin oxide or zinc oxide, poly(3,4-
ethylenedioxythiophene) (PEDOT), poly(3,4-ethylenedioxythiophene)
poly(styrenesulfonate) (PEDOT:PSS), poly(3,4-ethylenedioxythiophene)-

30 tetramethacrylate (PEDOT:TMA), polyaniline or polypyrrole.

In a third aspect the present invention provides a method of fabricating a sub-
assembly for use in fabricating a photoelectrical device including the steps of: providing
a conductor assembly according to the first aspect of the invention; providing a flexible
and substantially transparent substrate; and associating the conductor assembly with the

35  substrate.
The step of associating the conductor assembly with the substrate may include



a conductor assenbly according to the first aspect of the invention;
providing a flexible and substantially transparent substrate; and

associ at iwg 2otvigenduct or assenbly with the substrate. Phe/AIReqy/00i036
associ ating the conductor assenbly with the substrate nmay includethe step
of at least partially enbedding the conductor assenbly in the flexible
substrate. The step of enbedding the conductor assenbly may invol ve heat
treatnment. The step of associating the cédnductor assenbly with the
substrate may involve use of an adhesive. The conductor assenbly may be
unwound froma roll and the sub-assenbly formed in a continuous rol

process. The Wf?ets*f@%fﬁfﬁé(asfﬁé'}tﬁah%mb%in‘g% &H&cﬁﬁ@s}%elﬁﬁl as@oak.abik Elﬁbst?até ayer of
t ranspar ent electr| ‘%g Ilve Hﬁ({erla Fstrate The

e su
transparent el ectri {ng\f}g f%sﬁe“\#gé%mﬁ%l BF RHIBYR pr i nt i ng
or sprayi ng processThdsepaf hserdting depenductohassqpuiggeith thenutsirite ony prvolve des a
f1exi bl e photqgl @fg;lglmgegilve devi ce fabricated using a sub-assenbly according

to the third aspect the invention. Brief scription of the awi ngs
Enbodi nents of the Bbeecgawor AVRIRRLY BYY RF PIMYaHBh/THR aa@L%ﬂd. Ueyd- afff/“’%(y of
exanpl e only, fomteh iredoptimmogrolgrdchs. acconpanyi ng draw ngs, in which: Figure

Lis across sectionaluhgitsintcrilnasesth ¥r AGLANA Peydor lhsRRtRdi ment of

thelnventlonI élf)’ farlcgﬁln apotoe ectri cal deV|ce Figure 2 is
a top view of SteRgicylyposductiyrypgfergy Wil figsebsiate.ri gures 3A to 3H are cross
sectional views of Ehxbraama&nbdleomraﬁmmduhtmgmmrmjtrﬂwrbe eppbiod byrepiigingf t he

i nventi on;jpan S a schentic illustration of a conductor assenbly
accordi ng ltog g)ﬁ@er%’g({)g?récebss he invention. Detailed Descr ption of the

| nvention Referri nglnta(fo“frfq@ﬁﬁ’e@“ ¢ prgsea yepsien pgY iges i e Iﬁ@@e CH 2R br i cat i ng
phot oel ect ri cakvicefbiiesd usng habrassemblydtarding tof thethirth hpecttof thia dpyamtent
substrate 101 forned froma polyner film such polyethyl ene terephtal ate

(PET), a nunber of flexible conductors in the formof titaniumfilanents
100 and a | ayétriebPescriptienafthe Drawiags ri cal 1y conductive material 102 such as
a very thils fil m of Embordioentnanietpudses invehtiquri# ndw te péscited sbyplagrofvi ew of t he

sub assenbly %ﬁ(arﬁﬂlg 1§ with30ereledh ltﬂegp(;oﬁlpanying drawings, in which:
Figure 1 is a cross sectional view of a sub-assembly according to an
embodiment of the invention for use in fabricating a photoelectrical device;
Figure 2 is a top view of the sub-assembly of figure 1;
20 Figures 3A to 3H are cross sectional views of sub-assemblies according to
other embodiments of the invention; and
Figure 4 is a schemtic illustration of a conductor assembly according to an

embodiment of the invention.

25  Detailed Description of the Invention
Referring to figure 1, a sub-assembly 10 for use in fabricating photoelectrical
devices is shown including a flexible, transparent substrate 101 formed from a polymer
film such polyethylene terephtalate (PET), a number of flexible conductors in the form
of titanium filaments 100 and a layer of transparent electrically conductive material 102
30  such as a very thin film of carbon nanotubes,.
Figure 2 depicts a plan view of the sub assembly of figure 1 and highlights
some important dimensions. The conductors 100 (herein now called “fingers”) have a
“finger” width W (201) and inter-“finger” spacing S (202). The high transmissivity
conductive layer 102 is disposed between the “fingers” (100). The transparent current
35  collector is further characterised by two parameters of the high transmissivity conductor
disposed between the “fingers”: transmissivity of the high transmissivity conductor (T)



sone i nportant dinensions. The conductors 100 (herein now called "fingers")
have a "finger" width W(201) and inter-"finger" spacing S (202). The high
t ransm sswoi2ow/aesvduct i ve | ayer 102 is di sposed bet weenPCRAU2bHIMIYEN3S"

(100). The transparent current collector is further characterised by two
paranmeters of the high transm ssivity conductor disposed between the
"fingers": transmssivity of the high transm ssivity conductor (T)and sheet
resi stance of the high transm ssivity cohductor (g) . The transparent
current collector is still further characterised by two paraneters of the
"fingers" themsel ves: cross sectional area of each "finger" (A) and
resistivity ofy,§ ﬂf?:et r&‘lé@ﬁl@é of tﬁ@ﬁlgﬁ frﬁilsmfsmflt Rty a?ﬁ%k%are%@cdn%mf abri cat ed
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elliptical, square, rectangular, or any other cross sectional profile.
The “finger” materials should be dimensioned such that their cross sectional

area A is: preferably 25 pm?<A<25,000 pm?; more preferably 500 um*<A<10,000 um?;

25  and most preferably 1,000 um2<A<5,000 umz. “Fingers” of too small a cross sectional
area are very fine and difficult to utilise during manufacture, and more costly to
produce. “Fingers” of too large a cross sectional area render the overall device
thickness too large, resulting in less efficient devices. Note that although the highly
conductive elements (100 in Figure 1) are shown with a circular cross section, the form

30  of these elements need not be limited to only cylindrical in shape and may include, for
instance, elliptical, square, rectangular, or any other cross sectional profile.

The high transmissivity conductor sheet 102 resistance y should be selected
such that: preferably 5 Ohm/square<y<10,000 Ohm/square; more preferably
35 100 Ohm/square <y<S5,000 Ohm/square; and most preferably 250 Ohm/square
<y<1,000 Ohm/square. Transparent conductors with low sheet resistances have either



The high transm ssivity conductor sheet 102 resistance g should be sel ected
such that: preferably 5 OChnl square<g<l10, 000 Ohni square; nore preferably 100
Ohnl squarwo<qum@d0 Chm square; and nost preferably 250PCimguwane3sg<l, 000
Ohnif square. Transparent conductors with | ow sheet resistances have
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hi gh a transparent conductor sheet resistance val ue, however, reduces
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20 carbon.

The “fingers” should be spaced S apart such that: preferably
0.05 mm<S<10 mm; more preferably 0.25 mm<S<5 mm; and most preferably
0.5 mm<S<2 mm. Too close a spacing of “fingers” reduces the performance of a
25  device by blocking too much incident light, as well as presenting cost and
manufacturing issues. Too distant a spacing of “fingers” reduces the performance of a
device by increasing resistive losses during electron transmission to or from the
“fingers”.
The “fingers” may be incorporated into a device by a number of different
30  techniques. For example, “fingers” may be patterned onto an appropriate substrate
using a suitably formulated conductive ink in combination with any commonly
employed roll-to-roll or web adaptable printing technique, including, but not limited to:
rotary screen printing, gravure printing or flexographic printing.
Referring to figure 4, the conductive “fingers” may be provided in the form of
35  aconductor assembly which is in the form of a web such as an anisotropic woven mesh

300, in which conductive filaments 301 are aligned in the desired conduction direction.



rotary screen printing, gravure printing or flexographic printing.

Referring to figure 4, the conductive "fingers" nmay be provided in the form
of a condwotoro/as®enbly which is in the formof a web s®kch/AAR@N01036

ani sotropi ¢ woven nesh 300, in which conductive filanments 301 are aligned
in the desired conduction direction. Transparent filanments 302 are aligned
orthogonally to the conductive filanents 301 and are forned froma highly
transparent but non-conductive material.6Suitable materials include
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t he substr at e prwea ahdon adadse)x. Thempblnyayix fhitdneé sftomwebvingduoling baiphdsinighe net al
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substanti al | y ihtoretion haas.t he

The mesh may be partially embedded into the substrate. Depending on the

relative melting points of the polymer fibres and the substrate (or the top layer if the

25  substrate is a laminate), different situations will arise. If the melting or softening point
of the polymer fibres is substantially higher than the melting or softening point of the
substrate (or the top layer if the substrate is a laminate) the polymer fibres will, along
with the metal fibres, be partially embedded into the substrate (or into the top layer if
the substrate is a laminate) without being distorted substantially. If, on the other hand,

30  the melting or softening point of the polymer fibres is substantially lower than the
melting or softening point of the substrate (or the top layer if the substrate is a laminate)
only the metal fibres will be embedded substantially into the substrate (or into the top
layer if the substrate is a laminate) and the polymer fibres will fully or partially melt and
be distorted substantially without getting embedded to a substantial degree into the

35  substrate (or into the top layer if the substrate is a laminate). In a preferred embodiment
of the present invention the melting or softening point of the polymer fibres is



melting or softening point of the substrate (or the top layer if the
substrate is a lamnate) only the netal fibres will be enbedded

subst ant ivDI2910/01r$0t he substrate (or into the top | ayer PCi/AU20090B6r ate i s
a lam nate) and the polynmer fibres will fully or partially nelt and be

di storted substantially w thout getting enbedded to a substantial degree
into the substrate (or into the top layer if the substrate is a | am nate).
In a preferred enbodi nent of the present7invention the nelting or softening
poi nt of the polymer fibres issubstantially higher than the nelting or
softening point of the substrate (or the top layer if the substrate is a

| ami nate) Ref &l O Al1ch ooty RhNSE HETRRALIRALS gy gh

transm ssivity on uctive material may be applied in other ways: directly
to the substr at'@e PPHEHe i alaningiger -
pat t er ni ng/ deposi ti on/ enbeddi ng/ bondi ng/etc. ; in the case of suitably

freestanding and  Pr RefSPAS Rticn res@g% U Aol ARIRONIARKG,TESR, Detween
t he "flngers or to erél) ful ers” to’the

t “a?p @% wg [ gt t
substrate, ei t°H C‘b‘f?ﬂ?ﬂ% AR He"”f‘P%re‘?’asYS 5eHO the f A BHef Bver one
si de of the "f‘ﬂn@ef’Islttgzrnmg/demmsn/ﬂmbetdkimg/bbndl@ms"mtlmrcamtdﬁewmbkye . over the

Jhingers? aft GfecRalbgLRl HOLABPPSILLONERREATLNGHBRNALAALELGy i o1 ther only

bet ween the "finger, the "fingers"
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or encasing th@n@%@geﬁ%@?ﬁd&a@n@?r tt%}e-mgf é%%egﬁ to @? ‘@FtFFé"r fitggonly o “any’
conbi nati on ofbetwieen thb Ofnegers!’,ibothibetvesaid adli avemnmsudemfﬂaefﬁrtgble” pr esexiid tie

di scl osed jfr argparent; BRhsY I’Oggltﬁéi‘lﬂnéffompctl ve current collectors are

enpl oyed in a dye sen3|t| sed sal ar, ¢ C), they nmay be used on either
the anode, catPRGIRNE/dePoREeHeRtcadas/bindings Cdé?{ﬁ)l 11y BRe e TGRS L KE anode,

the so called bbﬂuhetvveﬂlgaleﬂ et thowp df @Mﬁ)ngesi’dmemsmg’nm chposadgortions athibec h
el ectrons are «j, %r,,a(;r%qle%,;l 0?? %ﬁlaﬁ&ﬂo $ENsLid Sing constituents into a
sca t

f
mesopor ous nanostructure |ng, e nesoporous nanostructured
scaffolding may require appropriate | ow tenperature processing so as to be
conpat i bl el5wi t h t helnskd @dtoditheht iandiparnientresamlysiictoopi teabfayencanivdireticalle cur r ent

col I'ector and c§ﬁ&§ﬁ\re%hﬁ%ﬂg%lfeqoﬁla§e emHGd Ipav\ﬂfe%eq%%"s&lts%faiece?lr g@ﬁ?gﬁ?g can be

achi eved, for exanp |S|ng appr opr-at nanagsi ze band gap
seni conduct or i Gé‘%ed(oéeﬁlhe”hﬂa@o » QHEIC, of byth sid ?S fhedpétfer sed in a suitably
| ow t enperature processable mediumw th | ow terrper ature activated

interlinking agent Swh@&l&s@ Hi?&l%h@lssthea%%ﬁ do%ﬁél?gseléﬁrgdé*'@w sidg oﬁ‘ﬁﬁg prior

art. \When used on t count er si de
of the devilce deYiFe. fihvhirh epcuions asm tibesrted from phoisacited S?%@Sla%wné@umolmoa%n
external circudomnas haonardetunel soaffaddiny ittldinsechor@d axnostpeair@isciffading he

electrolyte Vin‘?anghu?rl: %5&&@1@\11 Yettﬂp%raﬂlgeeﬁ}gcessing s0 as to be compatible with the
selected transparent anisotropically conductive current collector and substrate materials.
Such low temperature processing can be achieved, for example, by utilising
25  appropriately nanosized high band gap semiconductor oxides (e.g., TiO;, ZnO, Nb,Os,
etc.) dispersed in a suitably low temperature processable medium with low temperature

activated interlinking agents. Such materials and processes are known in the prior art.

When used on the cathode, the so called “counter electrode” (CE), side of the
30  device, in which electrons are returned to the device from an external circuit and
recombine with oxidised redox species from the electrolyte via an electrocatalytic agent,
the electrocatalytic agent may require appropriate low temperature processing so as to
be compatible with the selected transparent anisotropically conductive current collector
and substrate materials. Such low temperature processing can be achieved, for
35  example, by coating the transparent anisotropically conductive current collector in a

film of appropriate electrocatalytic agent chemical precursor(s), for example by



the el ectrocatal ytic agent may require appropriate |ow tenperature
processing so as to be conpatible with the sel ected transparent

ani sot ropwoabiooizsnducti ve current coll ector and substr &Ce/Atmb@vioaids. Such
| ow t enperature processing can be achieved, for exanple, by coating the
transparent anisotropically conductive current collector in a film of
appropriate electrocatal ytic agent chem cal precursor(s), for exanple
byspraying, roller coating, inmersion, dBp coating, or drop coating, etc.,
conbined with appropriate | ow tenperature processing of theses precursors
to yield the desired shape and norphol ogy of the el ectrocatal ytic agent. An
exanpl e is cheglcal r&%ﬂH&&hQntémﬁﬁ &hﬂﬁ@%l@%b&hﬁm§%k cQMm%mﬁHﬂiab|e

reduci ng agent suc as sodi um bor oh 1% om1te e to form

nano- pl at i num*ePaRtaG Oglt"é’&ﬁeFa&E%PrQF%f P%O E“éﬁ%@e““@%& a]E‘-‘a“[e@‘f‘i Shapgent s may
al so be deposiahéohorphaogyecfampdletro@yalRiYBgsucAn asumpius tlemicbatiuatign of pl ati num
PEDOT, PEDOT: %@échl%’%ml% b§)£ ﬁﬁtQBQ redEHﬁé Ig%ﬁ‘v su@! a%%&dlﬁlﬁ @&%h&’dnh@ at‘ar@\?nt S
maybe coated or otherw ited exa ¥ %&f | adi ng, drop
coating, spin 'CH%FAHG pen nadlp iatlgwwslﬁtﬁreelwrg s oy C&P‘?aW’Gf PEDOT,
PEDOT: PSS, PEDRgHtsTivA, alode bioppsitalr fop bxanipieiby PY D ssairme s@ntbiombatirenif platiting nmesh
itself may al $@poiNsEHOT.PRS, @W%MA%PcabM‘ }ﬁﬁ’tﬁ@r &Mﬁeﬂﬁw el hhy & N9 a

mesh, the nmesh i s not associate g r ent ri CHy. conducti ve

layer. This dicSHPGERMETIY GP%Sétgf? tf‘Pfé’X@?( §%ﬁ%ﬁ“?$§ 8 solar cell
as the photoekaumgwmaﬁhdamm&ﬁhqumimhmﬂmekﬂPEmOﬁgmHMEhPS$n for this

i nvention joS PRI car@dortpi@iniii® Oof this specific exanple is not to be
taken as indicating that the invention is only applicable to dye-sensitised

solar cells. Enbodinents of the invention may have application in thin film
t echnol ogi es, CdTe, InGbiB5¢ GhksHimantsSihe ngsll itcimapabe dinte@lmaelsdgirgs,; and or gani ¢
PV. Note that although the highly conductive elenents (100) have been shown
with a circular cross sect] t he form of these el ements not be
linited to only cyliaPFed Odelﬂe% pEnapaCHaihcine @&@tassroa}ateg% ance,

el l'ipticalls squasperentrebectraiigednadnctivotayany ot her cross sectional profile. THE
CLAIMS: 1. A conductor assenbly for use in fabricating a photoel ectrical

devi ce including: a nunber of electrlcally conductive filaments; a nunber
of substantially trSHSHE eHE ufilies e sranplape urarmsitscd e et i ve and
transpar ent f iphandeatuscabdedick diunthd fitld @€ dpdication fdr drisnngenftibe isinick wideh .and

the use of this specific example is not to be taken as indicating that the invention is only

20 applicable to dye-sensitised solar cells. Embodiments of the invention may have
application in thin film technologies, CdTe, CIS/CIGS, a-Si; silicon-based
technologies; and organic PV.

Note that although the highly conductive elements (100) have been shown with
25 acircular cross section, the form of these elements need not be limited to only
cylindrical in shape and may include, for instance, elliptical, square, rectangular, or any

other cross sectional profile.



2. A conductor assenbly according to claim1 wherein the web is in the form
of a nmesh. 3. A conductor assenbly according to either of clains 1 or 2
wherei n twe 20pvmdoodi ve filaments are aligned predom nanPCy/AU20@/00103s6t
direction; and the transparent filaments are aligned predom nantly in a
second direction. 4. A conductor assenbly according to claim3 wherein the
first direction and the second direction are substantially orthogonal to
one another. 5. A conductor assenbly acc®rding to any preceding claim
wherein the conductors are fornmed froma material including any of copper,
Ti, steel, stainless steel; Sn, Pt, Pb, Fe, manganin, constantan, Ag, Au,
A, W N, M mhd aheys thereof including brass. 6. A conductor assenbly
according to any precedi ng claimwherein the substantially transparent
filanments are forned froma pol yner such as pol yesters including

pol yet hyl ene tler epAtchaluathesssarblphi yetin jabacwinga phttériicatcelsicvipoinyladinges,

Dol et her et her ket opta ot XRREK G DB (U Tames. pol yphenyl ene
sul f ones, ﬁonV|ny?mEWW%P%Héém“@#Y?T@%ﬁ?ﬁggéﬁmﬁﬁpiners 7. A sub-assenbly

for use i n fabri catvherginshemhonduotveant rrucaireddNdaneatsiaregbinell togethea td foex b bl e,
substantial l'y trangpage Ebsubstrate a conductor assenbly according to any

one of clains 1to a | ayer of ftransparent elec cally conductive
material is as?soc.gtcale#q OF #15¢ %Cﬁ%fgtnﬁéQQthbWIE%%ng@hV& &pfeduuii y. 8. A

sub-assenbly accoradieshg to claim7 wherein the conductors are at | east

parti al Iy gbeddedyicg e, auhRhy kbuinds AnsURuARREl JRegGoNEI ng to claim 7

wherein the conductors ar? affix to t trat Wit h |ve 10. A
sub- assenbl y accor $iHEFe %Hg?maﬁréaagneéw%mw{ydng Wﬁ%‘Fe«SP‘PP 9 the onduct or s
are part of an ani satspogit ilamesk arebligned psdbmassbribh yecandtcdirediiong t o any one of

claims 7 10 10 whegei.te. oGk a‘% e CORAUR IR RRREADE Yyaahe di sposed
1 eO

bet ween t he transparent e ectr|c uctlve mat eri al and e substrate.
12. A sub- assenbl ySeqetigh ra?wgafeoﬂu rhpeupkbie RBe &nothgr- 1 1wher ei n t he
transparents elsect r Acahdugtocosantdy aceerdimgt@inygleceding dlaieswviamnn Of carlndion

nanotubes, 1TO  FTQ formed from a material including any of copper, Ti, steel, stainless steel; Sn,
Pt, Pb, Fe, manganin, constantan, Ag, Au, Al, W, Ni, Mo, and alloys thercof
including brass.
6. A conductor assembly according to any preceding claim wherein the
20 substantially transparent filaments are formed from a polymer such as polyesters
including polyethylene terephthalates or polyethylene naphthalates, polyamides,
polyolefines including polypropylenes, polyetherketones, polyetheretherketones
polyarylsulfones, polyethersulfones, polyphenylene sulfones, polyvinyl
chlorides, or fluorinated polymers.
25 7. A sub-assembly for use in fabricating a photoelectrical device including:
a flexible, substantially transparent substrate;
a conductor assembly according to any one of claims 1 to 6; and
a layer of transparent electrically conductive material is associated with the
substrate and the conductor assembly.
30 8. A sub-assembly according to claim 7 wherein the conductors are at Ieast
partially embedded in the substrate.
9. A sub-assembly according to claim 7 wherein the conductors are affixed to the
substrate with adhesive.
10. A sub-assembly according to any one of claims 7 to 9 wherein the conductors
35 are part of an anisotropic mesh.
11. A sub-assembly according to any one of claims 7 to 10 wherein the conductors



doped or nodified tin oxide or zinc oxide, poly(3,4-ethylenedi oxythiophene)
(PEDQOT), poly(3, 4-ethyl enedi oxyt hi ophene) pol y(styrenesul fonate)

( PEDQOT: PS8D,20mal19398, 4- et hyl enedi oxyt hi ophene) -t et r anet h&CTARd@®/001036
(PEDOT: TMA), polyaniline or polypyrrole. 13. A nethod of fabricating a
sub-assenbly for use in fabricating a photoel ectrical device including the
steps of: providing a conductor assenbly according to any one of clains 1to
6; providing a flexible and substantial I¥ transparent substrate; and

associ ating the conductor assenbly with the substrate. 14. A nethod
according to claim 13 wherein the step of associating the conductor

assenbly with the suBstfdifraQehideR &iéf)%seatb%eahh@&aﬂsﬁﬁé&t cRALLAR! | Y
enbeddi ng t he conductor.assenq he flexible substrate. 15. A net hod

ly Int
according to clainf%ﬁu%H%F@FHaﬁﬁ%ﬂﬁﬁgﬁuﬁ? enbeddi ng the conductor assenbly
i nvol ves heat 12r eaAnenasseniify ackonigighoahyame of daimg 7t@1 cwkdrem 118 trahsprentn t he

step of associ ati ngodiSeeRUGH ARSI Wyt chib RHBSHGAND, Yol ves use

of an adhesive. 17. A neth according to . any one of clains 13 to 16
wherein the conducf“l?redﬁrs‘g%q?rg?(vlq il g ki éﬂv@a“re&@xlena%axwgpiwg- assenbl y
is formed in a contAEM@INSpotydd, H-cthybo@issythid®hend) prdt(hrpcinacidont) ng t o any one
of claims 13 to L7afafheis) el HaligichifoshrBnal) RERAGHRNIAG a |ayer of
transparent electrically c detive material wth the substrate. 19. A
met hod accor di ng tGE%¥§¥HM%g éWéWH“?HBp¥P%%sparent el ectrically
conducti ve nmatléri aA nieshodpplabechtibya subpasientblynfgr we iisfabdoatingja prooekssical20. A
flexible p@ptoelecg&&gqﬁﬂ&mﬁgﬂ%gm%ggﬁicated using a sub-assenbly according
3 to 19.

to any one of clalns-%, ) )
providing a conductor assembly according to any one of claims 1 to 6;

providing a flexible and substantially transparent substrate; and
associating the conductor assembly with the substrate.
14. A method according to claim 13 wherein the step of associating the conductor
15 assembly with the substrate includes the step of at least partially embedding the
conductor assembly in the flexible substrate.

15. A method according to claim 14 wherein the step of embedding the conductor
assembly involves heat treatment.

16. A method according to claim 13 wherein the step of associating the conductor

20 assembly with the substrate involves use of an adhesive.

17. A method according to any one of claims 13 to 16 wherein the conductor
assembly is unwound from a roll and the sub-assembly is formed in a
continuous roll process.

18. A method according to any one of claims 13 to 17 further including the step of

25 associating a layer of transparent electrically conductive material with the
substrate.

19. A method according to claim 18 wherein the transparent electrically conductive
material is applied by a printing or spraying process.

20. A flexible photoelectrical device fabricated using a sub-assembly according to

30 any one of claims 13 to 19.



