MULTI LAYERED PHOTOVOLTAI C DEVI CE ON ENVELOPE SURFACE TECHNI CAL FIELD 5 This
invention relates to the thin film photovoltaic devices and sensors,
material s and net hods used for electrical connections for such devices, in
particular, to materials and net hods used for fabrication of such devices,
10 More particularly this invention relates to the nano-particul ate

phot o- el ectrochem cal (PEC) devices including sensors and photovoltaic
cells. Exanples of the nano-particul ate PEC devices are disclosed in the
foll owi ng patents and applications: US4927721, Photoel ectrochenical cell;
M chael G aetz i td;s% facture
of phot o-el ect %%@%A@ﬂ%?m&%@%éﬁ D#Sgcggwgm\}ﬁnet gng ndr eas Kay,
M chael Graetzel 20 and Brian O Regan, 1996. US297900, El ectrophotochrom c
smart wi ndow, Gavin Tulloch and Igor Skryabin, 2001. 25 PCT/ AU01/ 01354, W
sensors and arrays and nmet hods to manufacture thereof, George Phani and

| gor SkryBEEHNICAIFHIERBr the invention relates to application of such
devices for powering small wrel ess sensors, also known as notes or snart
30 dust. -2 BACKGROUND TO THE I NVENTION  PEC cells, as of the type

di scl osedrhiiys tinwealtdwe patlehes bel ory tholn Hel lsr cdgdovelsssc ofieter fandn
mul t | ayere phatovaldal L) deulines, Jlesesdeviagscaiea] abphoatedodd a
pl anar | am nate arrangenment either between two |arge area substrates or on
a singl e Substucit edeheet ypluabaatianganerito i Wotwiesla wond| aeshadfsesed es,

each utiI#5§ Hylcgkgghrgga%#ghqggggg%ing coating 10 upon the internal
eac

surface o sSubstraté. Anot her typical arrangenment involves the first
substrate being glass or polyneric and utilising an electrically conducting
coat I iy Ypon, :ﬁ}%t"%%@ig %ﬁ&éagﬁv&ﬁtf&e SURSIIALE, W b\a%%@Pﬁ?EQ ate
substrate bel g p51yner| . I'n"sonme arrangenents, the internar surface of
photo—electrochemical {PEC) devices including sensors and

photovoltaic cells. Examples of the nano-particulate PEC devices

1
are disclosed in the following patents and applications:

15 US4927721, Photoelectrochemical cell; Michael Graetzel and Paul
Liska, 1990,

US5525440, Method of manufacture of photo-electrochemical cell
and a cell made by this method; Andreas Kay, Michael Graetzel
20 ana Brian 0O'Regan, 1996.

085297900, Electrophotochromic smart window; Gavin Tulloch and
Igor Skryabin, 2001.

25 PCT/AU0L/01354, UV sensors and arrays and methods to manufacture

thereof, George Phani and Igor Skryabin

Further the invention relates to application of such devices for
powering small wireless sensors, also known as motes or smart

30 dust.



15 said second polyneric substrate is coated with an electrically
conducting coating, whereas in other arrangenents, said second 20 a

| am nated nmetal film and in other arrangenents, the external surface may
be coated by a netal. At |east one of said first and second substrates is
substantially transparent to visible light, as is the attached transparent
electrically conducting (TEC) coating. 25 PEG cells contain a photoanode,
typically conprising a dye-sensitised, nanoporous sem conducting oxide (eg.
titaniumdioxide or titania ) layer attached to one conductive coating, and
a cathode, typically conprising a redox el ectrocatal yst 30 |ayer attached

to the ot Y 0at .l conductive material. An electrolyte

cont ai ni n R o uEo e 96Nted bet ween t he phot oanode and cat hode;
the electrolyte is sealed fromthe environment. -3 TEC coatings, which
usually c rise.a netal .oxide(s have hi.gh .resistiyvi W th
normal nme g? 8%%%%tt%?s?fré%%I%¥%% ?%Fé%%ié%régﬁifgyéiCﬁféggﬁggggrggégggrea
PEC cel | stopehat brgadaderclhisgh dfl [twuninnatiilon mE t@leyexamblogsogblthec (PV)
manuf act ur,e of a PEC nodul e i nvol ves the use of two gl ass substrates that
have TEC 88%tfHYys that have been divided into electrically isolated

regi ons. Theéaani devicexi dee( ofalsiimatard sem zopdector )l&agnsteearmpnoainedtont o

sel ected areas of. 10 the TEC cqating of one_su te d catal i
screen pr?ﬁ?%ﬁFknﬁ%%%ﬁﬁnECEQH’aﬂ@ﬁgeofafﬁ% 55%%%%ﬁb g’ t%@ o%he¥§kghé
substr at esullfierdtid.ani umedi oxiygeckd coatmedthowiehta t hhnoleyer dfwoa dyéaby

e ot on G oL 15,41 2 8nCoRad SuBsieL gLl Lhe 4P sabULLeT SRS
subst nat espand thee imcesudist satescar eft herhbosdest taget heanotiRectypliytd is
a0ded £ O AL SELIS ! 4 ARSERS, APELL T LD 0BG 0408 SHDPLS 21 §RaANC Lhese
polymeric and utilising an electrically conducting coating upon
the internal surface of the substrate, with the second substrate
being polymeric. In some arrangements, the internal surface of
15 said second polymeric substraté is coated with an electrically
conducting coating, whereas inAother arrangements, said second
polymeric substrate comprises a polymeric foil laminate,
utilising adjacent electrically conductive material, such as
carbon. Also, in some arrangements, the external surface may be
20 a laminated metal fiim, and in other arrangements, the external
surface may be coated by a metal. At least one of said first and
second substrates 1s substantially transpafent to wisible light,
as 1s the attached transpareﬁt eléctrically conducting (TEC)
coating. B
25 '
PEC cells contain a photoanode, typically comprising a dye-—
sensitised, nanoporcus semiconducting oxide {eg. titanium
diqxide or titania ) layer attached to one conductive coating,
and a cathode, typically comprising a redox electrocatalyst
30 layer attached to the other conductive coating or conductive
material. An electrolyte containing a redox mediator is located

between the photoancde and cathode; the electrolyte is sealed

from the environment .



are then seal ed. substrate, with the catalytic layer alﬁo Zervbng as an

interconnect. The titania is coated with a thin layer oflt e yeElgCtrOIyte

i mrersion of the multiple-coated substrate in the dye sol ution. Hectro

is added to the spaces within thelpozfus|30 ?';ﬁg}g}'Qéfgftﬁg[fa|an¥nate .
| ant face of a seal ant/polyne _ _

ngféz.tghfhzegubstrate. -4 One advantage of PEC devices descr;beﬁaﬁggvelt

is in better than of conventional sold state device angul ar perfor .

[ formwell even under diffuse
been denonstrated that these devices per _
P?;ht condi tions or when solar angle-&f incidence 5 differs from nornal .

Mayer o that prayides it ar e of ohorbice, 8 Bebplotk s, PRSI AE e
, t . i;des hi area of p . ve ¢ : _ ! ,

232523 W t %[%Q$6ﬁg¥er°8%”Hyecﬂﬁ§ﬁ%ﬁ% | Y4t | Reirdeht fredmlal | catidwedtdrans,

thus i npr ovsvgtangul ot peghormaneeiber ﬁbé@@%|ef5fﬂ|lar%g area PEC cells

operating under high illumination.

One example of +he manufacture of a PEC module involves the use
of two glass substrates that have TEC-coatings that have been
divided into electrically isolated regions. Titanium dioxide {or
similar semiconductor) is screen printed onto selected areas of
10 the TEC coating of one subsﬁxate and a catalyst is screen
printed onto selected areas of the TEC coating of the other
substrate. The titanium dioxide is coated with a thin layer of a
dye by immersion of the titania~coated substrate in the dye
solution. Strips of sealant .and interconnect material are
15 deposited upon one of the substrates and the two substrates are
then bonded together. Electrolyte is added to the cells via
access apertures.in one of the substrates and these apertures

are then sezled.

20 Another example of the manufacture of a PEC module involves the
use of one substrate with a TEC-coating that has been divided
into electrically isolated regions. Successive layers of
titania, insulating ceramic oxide, and conducting catalytic
material (for example, carbon-based) are deposited, for example

25 by screen printing, onto selected areas of the TEC-coated
substrate, with the <catalytic layer also serving as an
inﬁerconnect. The titania is coated with a thin layer of the dye
by- immersion of the multiple-coated substrate in the dye
solution. Electrolyte is added to the spéces within the porous

30 titania—insulator—catalytic layers. The sealant face of a
sealant/polymer and/or metal foil laminate is sealed to the

substrate.



Unfortunately, these advantages of PEC are not fully utilized in the planar

substrat es.
signi ficant
Antireflect
their antir
optim zed f

An interface between a planar substrate and air reflects

part of solar energy, especially at high angles of incidence.
ive coatings could overcone 15 this problemonly partially;
efl ective properties are typically wavel ength dependent, thus
or only small part of solar spectra. Further, the said PEC

devi ces, especially of large size require 20 highly conductive and

optically t
el ectri cal

ransparent coating. Electrical resistance of transparent
conductors is often a linfti.ng.factor for performance of devices

| arger thafe 52d0aMadd SOf Phcl efliddd Clbict ddphemrnti Pl anapetddn £him PV

devi ces 25

recogni ze@t

for Bomerin mniature wireless sensors (notes). |

. t is
t RREVABELST W | FopfovitaEe uiardirSal 2 tBhifdc t R4 14 "Be8fReer phy3f cal

envi r onnepe@ndehBhet Reted AlthReUghRkl gidal dos devekoprdwbonl defensender
intelligence and security the notes are expected to be utilized in various

fields ingct

YoiaRy: iiehent 6PpAsBIAY T eHOGSe EBRHEF ol 2nEYS uCfur ANCFARRER ty

assessrendi f o r Duid@iNgsoang britdges, addwkhhich awt ogat + Dhuc J¥et ebi Nganbone

net wor ki ng,

i ndustrial automation and agricultural nonitoring. A note

conpr i sesPHHe-FHIUaNG ngrerehwfr sof 1Pheedis@fit 37 dat¥®pfoc r Brovides

transm ttgigt. aResei ¥er pad oade i POWRLr$AUECE ELNEr d¥nsl ol age 1k, PVoghesgnt
VWi | e techqglog;es for elements 1) to_4) %resent practi cal
Wi

hin layer of dye absorbs light incideny from all

directions, thus improving angular performance for a whole cell.

10

Unfortunately, these advantages of PEC are not fully utilized in

the planar substrates. An interface between a planar substrate

15

20

25

30

and alr reflects significant paft of solar energy, especlially at
high angles o©f incidence. Antireflective coatings could overcoms
this problem only partially; their antireflective properties are
tyﬁically wavelength dependent; thus optimized for only small

part of solar spectra.

Fufther, the said PEC devices, especlially of large size reguire
highly conductive and optically transparent ceoating. Electrical
resistance of transparent electrical conductors is often a

limiting factor for performance of devices larger than 5-10mm.

Also, it is difficult to implement planar thin film PV devices
for ©powering miniature wireless sensors (motes}) . It is
recognized that motes will .provide universal connectivity
between physical environment and internet. Although originally
developed for defense, Iintelligence and security the motes are
expected to be utilized in wvarious fields inciuding: inventory
and warehouse control, structural dintegrity assessment for
buildings and bridges, building automation, metering, home

networking, industrial avtomation and égricultural moniteoring.

A mote comprises the following elements:



unrestricted capacity for mniaturization and i ndependent w rel ess
operations, a sustainable and renewabl e i ndependent 10 power source is a
key to market acceptance and success of the notes. Mdtes currently
avai l abl e are around 3 cmby 5 cm and mniaturization is linked to the
availability of m cropower 15 generation in situ.Further, existing notes
are of awkward shapes, not deliverable in a typical defense theatre.

Ther ear eexanpl esof m cr opower sour cesbasedon el ectrochem cal energy storage
(batteries) and on a photovoltaic 20 el enent for continuous charging of the
battery. Energy requirenent is the ngn limtation in designs of smnal

notes. In addition, the notes and their photovoltaic elenents are currently
realized in SUBSP&RTi ally flat structures. This 25 affects aerodynanic
properties of., thesepdevéces; their visibility and limts avail abl e power.
The pl anar PV devices _of the snmall size are not capable of capturing
sufficient anoGhf* 8 tight, especially under hazy, snoky, cloudy or indoor

| i ght condit4 or&ceivér GRIECTI VES OF THE | NVENTI ON

5 ' 5. Power source: energy storage + PV element

While technologies for elements 1) to 4) present practically
unrestricted capacity for miniaturization and independent
wireless operations, a sustainable and renewable independent
10 power source is a key to market acceptance and success of the

motes.

Motes currently available are around 3 cm by 5 cm, and
miniaturization is linked to the availability of micropower
15 generation in situ. Further, existing motes are of awkward

shapeg, not deliverablie in a typical defense theatre,

There are examples of micropower sources based on
electrochemical energy storage (batteries) and on a photovoltaic
20 element for continuous charging of the battery. Energy

regquirement is the main limitation in designs of small motes.

In addition, the motes and their photovoltaic elements are
currently realized in substantially flat structures. This
25 affects aercdynamic properties of these devices, theix
visibility and limits available power., The planar PV devices of
the small size are not capable of capturing sufficient amount of
light, especially under hazy, smoky, cloudy‘ or indoor 1light

conditions.



51t is therefore an object of the present invention to provide a thin film
PV device, nore particularly a PEC device with inproved performance,
especiall'y under diffuse light conditions, that are typical for operations
of notes. It is further object of the present invention to provide a 10
phot ovol tai ¢ device suitable for powering notes and integratable with a
note within-one rigid nodule. SUMVARY OF THE I NVENTION 15 In broad terns
the invention provides for utilization of curved surfaces for fornmation of

| ayers of thin filmphotovoltaic elenents, in particular- of PEC el enents.
The term'curved' is used in this specification to describe 20
substantially non-planar surfaces. Typically the surface is curved prior to
the formation of the photovoltaic elenent. The typical curved surface used
in this invention is characterized by the radius of the curvature being
bel ow 50mm but preferably - less than | Om The di nensions of the curved
el emrent are less 25 than 30-50mm but preferably - less than 5-10mm The
curved P\omrisreEIvEOFoOWSEl OKVERTI@N capturing of light fromall directions
and provides,.better footprint effici efficiency calculated wt

ospact Lo HE FORTBITIR Tbroiis o150 et rGRaT) LV EaCor L he EFERTT)® -7
phot ovol tahin defdilee a&wd peovcees ddfe epeapsubadron of tHEE phetvavel taith

el enent . The. photovol tai c el enment. conprises,several. .layers. l.n.one 5
embodi mentTPTRE bIGTIOTERCE” o FERERt “EohpHI As THySRE it SRRGIAPHN de,
rut heni umbased-dyypiebecebel yperanidns edi detbased nmedi at or and carbon or

| ati num : . . .
P ]ti)t?'sel%(: LliIQt:Eheérel %%tjcrag eof the present invention to provide a

10 photovoltaic device suitable for powering motes and integratable

with a mote within one rigid module.

SUMMARY OF THE INVENTION

15 In broad terms the invention provides for utilization of curved
surfaces for formation of layers of thin film photovoltaic

elements, in particular- of PEC elements.

The term ‘curved’ is used in this specification to describe
20 substantially non-planar surfaces. Typilcally the surface is
curved pricr to the formation of the photovoltaic element. The
typical curved surface used in this invention is characterized
by the radius of the curvature being below 50mm, but preferably
- less than 10mm. The dimensions of the curved element are less

25 than 30-50mm, but preferably - less than 5-10mm.

The curved PV element allows for better capturing of light from
all directions and provides  Dbetter footprint efficiency
(efficiency calculated with respect to the footprint (or cross-

30 sectional) area of the element).

It is essential that the curved surface is provided by an

envelope. The envelope ensures mechanical integrity of the



The layers of the photovoltaic elenent could be formed either 10 within the
envel ope or on the envel ope. \Wen the layers are formed within the envel ope
the envel ope nust be nade of optically transparent material. The invention
provides for utilization of transparent plastic materials as 15 well-as of
gl ass. Conductive coating of a transparent conductor is attached to the
envel ope to ensure effective collection of electrical current. The o
invention provides for utilization of transparent conducting oxides (indium
tin oxide, fluorine doped tin oxide, etc.) or of a mesh nade of conducting
fiber, for 20 exanple - netallic nmesh7stainless steel, titanium tungsten,

nickel, etendeoWiemihe JAuels ang forned o0 tqueQ%ﬁ&Ps%lggeognve%OpghlS
not necessari | ytransparent .| nthfscase, non-transparent 25 conayctln

coating mayhpeovettdisedlesentol | ection of electrical current. The invention
provides for wide range of shapes of the envelope. 30 In one enbodi ment the
envel ope forns a done containing the photovoltaic elenent. It is preferable

that the déhe iBheubstldmical lefeachen spiersvesTypicomday t heydeone i snnoonted
on a Su:_bSt é%@d{rﬂgr{g,ng @ bas h8{:o$gﬂ: 'OJre'%J.ér?en TO g&%%gieseesnwl[a?yergfesnt a!)f
protection t he envelope encapsul ates the photovoltalc "device.

titanium diloxide, ruthenium based dye, electrolyte with iodide

based mediator and carbon or platinum based counterelectrode.

The layers of the photovoltaic element could be formed either

10 within the envelope or on the envelope.

When the layers are formed within the envelope the envelope must
be made of optically transparent material. The invention
provides for utilization of transparent plastic materials as-
15 well as of glass. Conductive coating of a transparent conductor
is attached to the envelope to ensure effective collection of
electrical current. The invention provides for utilization of
transparent conducting oxides (indium tin oxide, £luorine doped
tin oxide, etec.) or of a mesh made of conducting fiber, foxr
20 example - metallic mesh (stainless steel, titanium, tungsten,

nickel, etc.).

When the layers are formed on the envelope the envelope is not
necessarily transparent. In this case, non-transparent
25 conducting coating may be utilised for collection of electrical

current.
The invention provides for wide range of shapes of the envelope.

30 In one embodiment the envelope forms & dome containing the
photovoltaic element. It is preferable that the dome is
substantially a hemisphere. Typically the dome is mounted on a

substrate forming a base of the dome.



I n one enbodi nent the envel ope is spherical. It is understood 5 that the
encapsul ati ng envel ope need not be a regul ar geonetrical sphere, but could
be any convenient shape. It is beneficial, however, if the envelope is an
aerodynam ¢ shape. In another enbodi nent the envelope is in the form of

pol yhedron. 10 The thin filmPV element is forned on a side of the

pol yhedron. The invention provides for further encapsul ation of the

pol yhedron such as an external shape created by the encapsul ant is
aerodynam c. 15 From one aspect of invention a photovoltaic device
conprises spherical electrically conductive core, on which |ayers of the PV

element ape sequentially, denosiied. Ihe.s0n.. ¢l sairical Iy canduct Lye jayer
conpri ses any df - known ranspareﬁt sfec rlcaJ?y conduct i ve naterrarls

i ncl udi ngphbudvebtaild rictvedet 0 20 transparent conducting oxi des, conducting
pol ymers, mesh nade of conducting fiber. A transparent plastic or glass
envel ope is then fornmed around the photovoltaic element. 25 The invention
provi des fAar caeChannrelinkatbehradaigldoke ienveplopei dad .enkbl ésextnelenakood

el ectrjcal _connection(s) to.the device..ln one_enbodi nent_the_co L,ng
coating igh@§te ggd f%m%Pﬁglﬁpfn%r 83??18?eth86F§?ePﬁgl éﬁ?fa%esgggﬁg%?d
channel tgepheviieal hepBOrext Bunalccrllectisd cahy canmeeniont s)shape .anot hee

enbodi ment the. channel is filled with an electricall 0 cli terial
or non-co%ﬁﬁﬁffﬁﬁghnﬁg?Fﬁfr(e?g.t%%r%ﬂﬁe ﬁﬁea%g)?nf%?%?%EQ%H%%ﬁ%Eﬁ¥?h sai d
conducting coating and sealing said hole (s) -9 At |east one |ayer of the
phot ovol tai c_el enent conpri ses, sem conductor. For._.w de ban a
seniconduEPiﬁ@o?ﬁﬁﬁn?éﬁégﬁq%? nF%SneBVSg?%%sl?o}an% d@@ﬁ%fﬁ%%ﬁﬁﬂgﬁdgﬁndye,
t o absor bretechionagnetpre energy ofs |ighted Idn iss girdef erabite o lyhiedirse .
The invention provides for further encapsulation of the

poiyhedron such as an external shape created by the encapsulant

is aerodynamic,

15 From one aspect of invention a photovoltaic device comprises
spherical electrically conductive core, on which layers of the
PV element are sequentially deposited. The top, electrically
conductive layer comprises any of known transparent electrically
conductive materials including, but not limited to
20 = transparent conducting oxides,
» conducting polymers,
*» mesh made of conducting £fiber.
A transparent plastic or glass envelope is then formed around

the photovcltaic element.

25
The invention provides for a channel to be made in the envelops
to enable external electrical connection(s) to the device. 1In
one embodiment the conducting coating is extended to line all or
part of the dinternal surfaces>of said channel to provide the
30 external electrical connectioni(s). In another embodiment the

channel is filled with an electrically conductive material orx
non-conducting material (e.g. ceramic glaze), forming a bond

with said conducting cocating and sealing said hole({s}.



5 nano-di spersed sem conductors, thereby significantly increasing

phot oactive area of the elenent. In one enbodi nent |ayers of the PV el enent
are formed on internal surface of a transparent spherical shape. The shape
10 being nade of gl ass, polymer or any other optically transparent

material. I n another enbodinent, the layers of PEC device are forned on the
spherical electrically conductive core, the |last |ayer being 15 optically
transparent. The said core is selected fromnetallic (Ti, W SS, etc) or
non-netallic (carbon, conductive polyners, etc.) conductors. The invention
provi des for the photovoltaic deviceb®e 20 connected to a substrate by

standard eannackislg wRans uiLLl ogd 10, PCRARChAGLAGY. Eginile AUIRASE

connection (b el ectrical” and nmechani the invention provides for
el ectri caldgnicomductpve pFar ewbéddeblanfit ogehe eanetopduciimxagentofriddygbl e

si ded PCB i At'l‘é%“tita%‘vip& Vidgs Ofouhddd Aat! QEigﬁi 2o el e 10 RER e
the back side connection. The i1nvention provides for using mrror-1like
pl ate or fedreaeposiohebhc ofenkicghl wir efiekti vétl ayer ponieoprbf the wubstseat e.
30 1t could he henetichal, hoophace.qmr e Lhanane.phot ovoldalc devises
t he sa%e g%bstratg an% eﬁgct??ca(ﬁvﬂ?ﬁterconﬁggtst en1J%%ng}§r?ﬁ 0 !
conduct or hcFradtiventiren @l $depedeindas.for a fl exi bl e supportive plate,
when flexibility is required. -10

In one embodiment layers of the PV element are formed on

internal surface of a transparent spherical shape. The shape

10 being made of glass, polymer or any other optically transparent

material.

In another embodiment, the layers of PEC device are formed on
thé spherical electrically conductive core, the last layer being
15 optically transparent. The said core is selected from metallic
{Ti, W, 88, etc) or non-metaliic (carbkon, conductive polymers,

etc.) conductors.

The invention provides for the photovoltaic device be
20 connected to a substrate by standard connecting means utilised
in. PCB technology. TFor the purpcse of connection (both
electrical and mechanical) the invention provides for
electrically conductive pin, embedded into the envelcope. In case
of double sided PCB the invention provides for utilization of a

25 hole in PCB for the back side connection.

The idinvention provides for wusing mirror-like plate or for

deposition of highly reflective layer on top of the substrate.

30 It could be beneficial to place more than one photovoltaic
devices on the same substrate and electrically interconnect them
using grid of conductors. The invention also provides for a

flexible supportive plate, when flexibility is reguired.



The invention further provides for using an internal space of a spherical
device as an additional reservoir for electrolyte and drying agents.
Additional electrolyte will extend useful life of the device. 5 The

i nvention provides for the elenents of a note to be formed within a-curved
seal ed envel ope. The envel ope is commonly of a spherical type, however,
it may be 10 advant ageous to inplenent other shapes, sel ected based on

t heir aerodynam c properties and/or visibility. According to one aspect of
the invention, a thin filmphotovoltaic device is utilizing a surface of

t he envel ope shape as'a substrate. Il-noone enbodi nent, at |east part of the

envel ope i cORLLERLL Y, t Fanspar el And [t e, sqld phatoyaltalg, deulee Le .
formed on’i'ntéernal surface of t'he envél opé. n anot her enbodi nent, the
sai d phot epbktacel déwvies i 3s f an neddon. @xtlermaderswifraderofe ielrd redvekoped | n

further enbodi nment accordi to_this_aspect. of the inv I.QN,e..25

| ayers ofg?ﬁéngaﬁae? ?Tlé%é%%ﬁﬂ%g o?g Fg?%fﬁ%%i%%ﬁhﬁi E%?%é%%gﬁ%iﬁﬁggﬁgf

surface oththeaesacd. envel ope, whereas other | ayers are formed on external
surfacg of the envel ope. Although, this specification describes shape of
t he envel ope as 30 spherical, the invention is not limted to geonetrical
spheres, bh¢ proendésnfprootder , feubstantiahdnytcuried andendd hecdssaey

regul ar shafgs and/ or_sectigns or gfrtétions of the sphere. -11 The

i nvent i on"providds“torenvéropes o Be made of glass, plastic, metals or
any other suitable materials.

The envelope is commonly of a spherical itype, however, it may be
10 advantageous to implement other shapes, selected based on their

aerodynanmic properties and/or visibility.

According to one aspect of the dinvention, a thin film
photovoltaic device is utilizing a surface of the envelope shape

15 as’'a substrate.

In one embodiment, at least part of the envelope is optically
transparent and the said photovoltaic device is formed on
internal surface of the envelope.

20

In another embodiment, the said photovoltalc device is formed on

external surface ¢f the envelope.

In further embodiment according to this aspect of the invention,
25 some layers of the said thin film photovoltaic device are formed
on internal surface of the said envelope, whereas othexr layers

are formed on external surface of the envelope.

Although, this specification describes shape of the envelope as
30 spherical, the invention is not limited to geometrical spheres,
but provides for other, substantially curved and not necessary

regular shapes and/or sections or partitions of the sphere.



Al t hough, the invention describes a photovoltaic elenment of thin 5 film
type, it is beneficial to utilize sonme specific thin filmtechnol ogi es such
as organic PV (OPV), dye solar cells (DSC), Si, CdTe or ICS solar cells. W
The invention provides for a hole to be made in the envel ope to enable
external electrical connection(s) to the device. In one exanple these
connections are nmade to antenna required for transm ssion/reception of
information. 15 In another enbodi ment the said antenna is formed on
internal or external surface of the envel ope by isolating regions of the
said electrically conductive material;into appropriate shapes. In yet,
anot her enBodinent t he antenq; isﬁg wre egtende% to, 20 qﬂ£§id2 ofltgg
envel ope O0PCat PAEHEd To PhEVESRer fA° sGFTEC® Dt tRe BRvElDbe. CAccdrdifg to
anot her aspesti®f héeisnvenkhonotier nbiie -8 &f erbedisnsi de a spherical gl ass
envel ope (glass globe). Internal 25 surface of the globe is conpletely or
partially coated by the transparent el ectronic conductor. Sone regions of
t he transpatgdtigr) eclid onivereanduatetripem a shbisivate itboelamthtnofi kmin
phot ovol tai ¢ device. 30 Additi na[l¥ an eneﬁg% st or age_devjce %ﬁ.forngd
"nsi des t he*CRvEVBRe. 1hé elaPGy St ol abl dbyiee®i SOBT ¢ RBTOA: KT gh Eapdeity
capaci t or terhapL &b esd r oehienhsabrhahtier pvor (@wonhiyat é@ret heeedé . (Dst?, The
invention provides for a thin energy storage device. The thin fil m energy
storage déviceIfe VorfnI®y1Ror et Proxi mate to the thin fil m photovol taic
el enment. In sone cases, however, the said thin energy storage device is
formed on the separate part 5 of internal or external surfaces of the
envel ope. The said energy storage device and said photovoltaic elenment are
el ect gy cabhy canaeei®d. pildvidesf qurd & andie henell eiadk te phacenaelbpdetbn an
el ectrical cjircuit between the energy storage dﬁyice nd $he. hot§%oltaic

0

el enent. THEPLRvEREFERbr BYRURE: F0r MRS AGH B diode’ S Pet weefthe

phot ovol t aismsl €MetHe RNdcbhge @NBNGY Sirer ageddeviceant Bnsonerases:d héor
| ayers of the said thjn filmdiode cover substantially whole are of the
photov0|tgrén%m%ﬁﬁﬁﬁq/receptlon of 1nfoxmatlop.

15 In another embodiment the said antenna is formed on internal or
exfernal surface of the envelope by isolating regions of the

said electrically conductive material into appropriate shapes.

in yet, another embodiment the antenna 1is a wire extended to
20 outside of the envelope or attached to the external surface of

the envelope.

According to another aspect of the invention the mote is formed
inside a spherical glass envelope (glass globe). Internal
25 surface of the glcbe is completely or partially coated by the
transparent electronic conductor. Some regions of the
transparent electronic conductor form a substrate for a thin

film photovoltaic device.

30 Additionally an energy storage device is formed inside the
envelope. The energy storage device is either a high capacity
capacitor or an electrochemical battexy or & combination

thereof.



15 The invention al so provides for conventional mniature energy stO age
devi ce secured inside the envel ope. In addition, the data processing and
data reception/transm ssion elenments are secured inside the envel ope and

el ectrically 20 connected to the energy storage device. PoSition of the
sensor in respect to the envel ope depends on requirenents of selected
application. 25 For |ight sensing, the photovoltaic cell itself provides an
el ectrical signal nodulated in accordance with light intensity. For sone
applications(such as chem cal and biol ogical nonitoring) the sensor is
extended outwardly of the envelope -0 -13 To secure all the elenents

i nside the envel ope, and prov chanlcal |d f [ t I
(pl astic)* iﬁﬁvﬁgBﬁ?ﬁea Wt ?% Ra énve %%ee %r ?Sg?%ggﬁ d%g§8g?heﬁkg

vari ous suHifracesira deyeyy oftcadbesideeics ¢eeabedomhythENEﬂwewmgxﬁméﬁﬁaHEJ

devi ces of this type can he precisel deI vered_to et 0

accel er atilfy g”dev?]c]é“i%ozzoﬁl%egéf‘%rﬁ‘i Red 10 é?rtsa% €|ao(?f£1|§gngsu}3: e'%,lég nuﬁ%t
after flydidig cefidi enshil asnca-ddee demicee W | forved mmdrﬁeac$emrta|¢et heart’iar get
obj ect_ and_adhesive w || ?FOVIde f the gev ce_to ¢ galn in this position
for aredtfi rédss RTof*t? 8cce eréflon may be given to a note

froma greinc il Mnedigyf asrhhe &éxyicfhg enh]l ectid @hgrotblaaicral¢nent are

hellcopteggéctrically connected. It is found to be beneficial to place a

diode in an electrical circuit between the energy storage device
and the photovoltaic element.-The invention provides for thin
10 film diode formed between the photovoltaic element and the
energy storage device. In some cases the layers of the said thin
film diode cover substantially whole are of the photovoltaic

element.

15 The invention also provides for conventional miniature energy

storage device secured inside the envelope.

In addition, the data processing and data reception/transmission
elements are secured inside the envelope and electrically

20 connected to the energy storage device.

1
Position of the sensor in respect to the envelope depends on

requirements of selected application.

25 For light sensing, the photovoitaic cell itself provides an
electrical signal modulated in accordance with light intensity.
For some applications {such as chenical and bilological
monitoring) the sensor is extended outwardly of the envelope.

30
To protect from mechanical impact the envelope is additionaily

enciosed in a resilient cover (e.g. polyurethane).



Alternatively the PV device can be just dropped froma flying object. In
this case height and speed of the flying object are taken into account to
determ ne when to drop the note in order 20 for it to |l end on predeterm ned
surface. The predeterm ned surface may bel ong to the noving ground obj ect
(e.g. car) or to a flying object. 25 In one enbodi nent the accel eration of
a PV device is achieved in a device simlar to the air rifle, where a
pressure force of conpressed air accelerate the note to a certain speed in
a certain direction. The direction and magni tude of speed are selected in
such way that projectile of the flying PV device 30 intersects surface of a
target object. -14 In one enbodiment, centre of gravity of a device is
shifted i Aosushcwrsayithatbundermatts oGl dgr avitt v SPEFERPE he eV PERVIES

ori ent ed hgcﬁaﬂﬁggff'Q?giQiEfCtbonre§@h§e9E'?ﬂ&@EkQQIQP3§E§§t£@ﬁ | puest
position of centre of gravity. 5 The self-oriented device ensures specific
di r ect i onrobvipdedantdnira theygheal P§€- upwards). In another enbodi ment in
accordance with this aspect of the Winvention, a note additionally

i ncl udes supporting neans to ensure that the spherical body is positioned
at a dfst dnce frteahtihe S9ppoire | YT 5T afBrETRRS sApPdErng heafR=ehte i Akl ude

a rod Or/@?@a@eépéﬁrﬁhe envelope.

The PV devices of this type can be precisely delivered to a
target position by accelerating a device in a predetermined
10 direction in such a way that after flying certain distance the
device will be in contact with the target object and adhesive
will provide for the device to remain in this position for a
required length of time. The said acceleration may be given to a
mote from a ground point or from the flying object (e.g.

15 adrcraft, heliceopter).

Alternatively the PV device can be Just dropped from a flying
object. In this case height and speed of the flying obkject are
taken into account to determine when to drop the mote in order

20 for it to lend on predetermined surface.

The predetermined surface may belong to the moving ground object

(e.g. car) or to a flying object.

25 In one embodiment the acceleration of a PV device is achieved in
a device similar to the air rifle, where a pressure force of
compressed air accelerate the mote to a certain speed in a
certain direction. The direction and magnitude of speed are
selected in such way that projectile of the flying PV device

30 intersects surface of a target object.

From another aspect of the invention a photovoltaic device

includes means for orienting the device.



15 projecting outwardly of the device. In one exanple, the supporting neans
include a foot. The foot may be coated with adhesive to ensure firm
attachnment to the supporting surface. According to another aspect of the
invention a device is 20 oriented by aerodynam c forces that it experiences
on flying pass. In one enbodinent this is achieved by attaching smallw ngs
or atale to the body of the device. In another enbodi nent a body is shaped
in such a way, that wing-like geonetry is created. 25 The invention
provides for a rod to be nade needle like (sharp), thus, when the rod hits
t he supporting surface, the needle pgnetrates into the surface, ensuring
attaching the note in a specific orientation. 30 The i.nventio _%%fo .

provi des Fbrolel FrBrEHMNG/ nFeRedfRs FordFeiVeF §f F st 1o S}”t tth
surface. durpong di et usase! bopiopeldsi Ngrdsitdl | ¥eredyrEbemietaleenes gy
stored either inside a note or in the attached small container. Part of the
-15 cheni¥atedifst gy rfemdiened: AeF ef ¥R 0 £ -Sp e ERGAEOTT deBR IR D
power the dJmis gﬂ@ﬁtibgngff@én@ecgrft 3ravitye. A supporting surface that
note is attached to described in this 5 specification could be horizontal,

verti dal or oblique. BRI EF DESCRI PTI ON OF DRAW NGS Havi ng broadly

portrayedride Natargiahithe prasent «havesti ogpe&itiadi meRksct bar eef wihd now
be described by way of 10 exanple and illustration only.In the foll ow ng

descri pt iHeHer ffgrdeahly |~ BEdE ) o the acconpanying drawi ngs in which

In another embodiment in accordance with this aspect of the
10 invention, a mote additionally includes supporting means to
ensure that the spherical body is positioned at a distance from

the supporting surface.

The supporting means c¢an include a vrod or/and a spring
15 projecting outwardly of the device. In one exanmple, the
supporting means include a foot. The foot may be coated with’

adhesive to ensure firm attachment to the supporting surface.

According to another aspect of the invention a device is
20 oriented by aerocdynamic forces that it experiences on flying
pass. In one embodiment this is achieved by attaching small
wings or a tale to the body of the device. In another embodiment

a body is shaped in such a way, ‘that wing-like geometry is

created.

25
The inventicon provides for a rod to be made needle like (sharp),
thus, when the rod hits {he supporting surface, the needle
penetrates into the surface, ensuring attaching the mote in a
specific orientation.

30

The invention also provides for self-propelling means for
delivery of a mote to a target surface. In one embodiment s
self-propelling is driven Dby chemical energy stored either

inside a mote or in the attached small contalpner. Part of the



Figure 1 is an enlarged section of a nultilayered PV device formed in

accordance with first exanpl e(preferenti al

Figure 2 is an enlarged section of a nultilayered PV device fornmed in
accordance with second exanple of the invention. Figure 3 is an
enl arged section of a multilayered PV device formed in accordance wth
third exanple of the invention. 20 DETAI LED DESCRI PTI ON OF DRAW NGS
Referring to Fig.1 a PV elenent is build inside a spherical envel ope 10,

i nt ernal
i nt er nal

t hr ough

15 enbodi nent) of the invention.

on

surface of which a thin film25 photovoltaic device 11, a diode 12
and an energy storage device 13 are_gubsequently forned. A part of the

S

surface is allocated for the antenna 14. An_ e| ectronic block 15
that conpriieesalermianorg rsupsysd ebst ot e Srdtfe PrEPE hseh Y e%o]fnln &% ﬁc s
an, QRaMiNG 116 and ehectdisal lnprcanpest eth trankehe 30 energy storage

elenment and ‘to antenna using wires 17. The remai ning space inside the
sphere is filled with a filler 18

10

15

20

25

30

B Bupporting surface that mote is attached to described in this

spécification could be horizontal, vertical or oblique.

BRIEF DESCRIPTION OF DRAWINGS

Having broadly portrayed the nature of the present
invention, embodiments thereof will now be described by way of
example and illustration only. In the following description,

reference will be made to the accompanying drawings in which:

Figure 1 is an enlarged section of a multilayered PV device
formed in accordance with first exanple (preferential
embodiment) of the invention.

5 Figure 2 is an enlarged section of a muitilayered PV device
foémed in accordance with second example of the invention.

Figure 3 is an enlarged section of a multilayered PV device

fo%med in accordance with third example of the invention.

DETAILED DESCRIPTION OF DRAWINGS

Referring to Fig.l a PV element is build inside a spherical
enyelope 10, on interrnal surface of which a thin f£ilm
photovoltaic device 11, a diode 12 and an energy storage device
13 are subsequently formed. A part of the internal surface is
allocated for the antenna 14. An electronic block 15 that
comprises remaining subsystems of the mote is inserted into the
sphere through an opening 16 and electrically connected to the
energy storage element and to antenna using wires 17. The
reﬁaining space inside the sphere is filled with a filler 18
{good heat conductor) and the opening is blocked by a stopper
19.

Sphere



(good heat conductor) and the opening is bl ocked by a stopper .16
Referring to Fig. 2 a spherical envelope 20 is coated by a rubbery materi al
21, external surface 22 of which is nmade adhesive. An antenna 23 is
extended frominside the envel ope and secured in the rubbery layer. 5
Referring to Fig.3 a spherical PV device is forned on an internal surface
of a hollow glass sphere 36. A hole 24 that is nmade in the sphere serves
both for depositions of photovoltaic 10 and energy storage |ayers and for
connecting the device to spring | oaded connectors 26. Subsequent |ayers of
a transparent conductor 27, dye sensidised TiO2 28 and of a porous ceramc
insulatin naterlal e.g..2r02) are d p05|tQP on ;Fe |nternal s%rface of
t he spher®® Q?EQHQrEHS a%nt 2 cén T3y eP TSRS ekt ended YD tCOver val | s
of the hoiﬁbﬁﬁm%ranﬁ&@&l@ﬁ &mleb&t@aha$ur§ﬁﬁthﬁ: the ﬁphenﬁxmAnlelemaﬁ®lyte
is added to theegorous insulatin% naterigl. égter dep05| ion of the | ayers
e 8 g

a space | ASIER Yhe HpiEtE e £7) FEdSH TR o BASEd "Rt EFVEFOBY that

Serves ass&ceeater t#leect:ppdey f iydhe PV el enment. A conductive 20 pin 31 is
secured in the carbon based material. Sealing 32 ensures that humdity and
oxygere from envi ronment coul d not penetrate inside the device. Additionally
the sealing prevents evaporation of the electrolyte The device is secured

on a support 33 (flexible or i d) n oaded connectors 25 and 25 26
ensure good elREHFICERNI 66hn%€3fg BBPgééﬁg{hEVdgﬁyégeaﬁa g O an

el ectri cal nd&rddnalsr d0Gated Omhath gides ebnthe sappmrholaozenbaaﬁels
efficiency of the device a mrror 34 is placed underneath and on

top of tHeA&phBrtheaskErES35eRYEE Pﬁtph§°§uﬁﬁﬁpﬁlﬁﬁ89?d8§ f%P 8gﬁ§géf?on

of the congictdnég 30 Pidrade t QalbbesSpdg theadeth:eenrnaet otise 2npliaredton
the bottom side of the support. 17 CLAIMS. 1. A photov Italc devi ce
|ncludlngﬁEFkﬂﬁn%Réﬂ%QMQ9ﬁﬂe§ﬁ€ﬁF |ﬁéruaFH@e%P?ﬂﬁu¥ﬂyﬁﬁf OF PayEPLSBATFPFm

and an envglapscat 27, dye sensitised TiO; 28 and of a porous ceramic
insulating material 29 (e.g. 2Zr0;) are deposited on the internal
sufface of the sphere., The transparent conductor layer is

15 exﬁended to cover walls of the,hole and a part of an external
surface of the sphere. An electrolyte is added to the porous
inéulating material. After deposition of the layers a space
inside the sphere is filled with a carbon based material 30 that
serves as a counter electrode for the fV element. & conductive

20 pin 31 is secured in the carbon based material. Sealing 32
ensures that humidity and oxygen from environment could not
penetrate inside the device. Additionally the sealing prevents
evaporation of the electrolyte. The device is secured on a
support 33 (flexible or rigid). Spring loaded connectors 25 and

25 26 ensure good electrical connections between the device and
external electrical terminals located on both sides of the
support. To enhance efficiency of the device a mirror 34 is
placed underneath the device and on top of the support. A hole

35 made in the support provides for connection of the conductive

30 pin 31 to the spring loaded connectors 25 placed on the bottom

side of the support.



5 least a portion of the envel ope having a curved profile; wherein the

phot ovol taic elenent is conprised of |ayers of filmand is fornmed on the

i nside surface of the envelope. 2. A photovoltaic device in accordance
with claim1, wherein 10t he envel ope forns a done containing the device.

3. A photovoltaic device in accordance with claim2, wherein the done is
nount ed omrarsspstrate formng a base of the done. 154. A photovoltaic
device in accordance with claim1l1l, wherein the envelope is in the formof a
sphere. 5. A photovoltaic device in accordance with any one of the

pr ecedi ngicl ai ms, plarrdveraiaclasdiing, anrelledinoniac ppparatitsic?2C rpented

within the_envel ope. an el ronically ne d.to toyoltaic
el enent ﬁﬁg?%ﬁﬁggv%lpgﬁéaégghenf % ersa?%aggg@ %Bsrgbl tnnJ%Ilgg‘fgrl\({l@power
to theé eIéeason&cp@wnﬂmmabmsthe6enV¥qﬂm@tbvwhnal@ @kﬂma@epmnfabﬂowdaﬁﬁenmnth

claims, the gnelestianic ARRALatys LGNGO & AN Lieleiin/and 15

phot ovol tai'c device 1n accordance w urther i ncludi ng an antenna
connect ed fromeheott rdws At ide  surfecanterie bavagoror ned by a conducti ve
region of the envelope. 30 8. A photovoltaic device in accordance with
claim6, further including an antenna connected to the transmtter, the

ant enna i BAcl udPngphatevndiuetd e erben @ﬁFQﬁdﬁﬁ@ﬁoﬁ%ﬁ%r@ﬁ%ﬁﬁr%nn%ﬂﬁ?eln

enveLQpe thé8envelope forms a dome containing the device.

3. A photovoltaic device in accordance with claim 2, wherein

the dome is mounted on a substrate forming a base of the dome.

15 4, A photovoltaic device in accordance with claim 1, wherein

the envelope is in the form of a sphere.

5. A photovoltaic device in accordance with any one of the
preceding c¢laims, further including an electronic apparatus
20 mounted within the envelope and being electronically connected to
the photovcltaic element, the photoveltaic element being arranged

to provide electric power to the electronic apparatus.

6. A photovoltaic device in accordance with claim 5, the

25 electronic apparatus including a transmitter.

7. A photoveoltaic device in accordance with claim & further
including an antenna connected to the transmitter, the antenna
being formed by a conductive region of the envelope.

30
8. A photovoltaic device in acccrdance with claim 6, further
including an antenna connected to the transmitter, the antenna
including a conductive member extending outwardly from tThe

envelope.



9. A photovol taic device in accordance with any preceding claimfurther

i ncludi ng an energy storage device. 510. A photovoltaic device in
accordance with claim9, the energy stasgage device being in the formof a
thin layers forned proximte the |layers of the photovoltaic el enent.

11. A photovoltaic device in accordance with any preceding 10cl ai m furt her

i ncluding a sensor. 12. A photovoltaic device in accordance with claim 11,
t he sensor, extendi ng outwardly of the envel 0£ . 1513. ﬁA phot qvol t%i.c devi ce
in accorddnce Wi t?\h‘g?ﬂ)'ogltéb‘édidﬁﬁlgfeailrﬁ PHEY Czal}c(?r ' of" a®fdt & arTangéd to
provi de i nfiaimatiomeabontl anirenwnr enaeni .storage deliicA.phot ovol tai ¢ device
in accordance with claim 13, the 20device being enclosed in a resilient
cover. 15. A photovoltaic device in accordance with either claim 13 or

cl ai m514, 1havi ng amctouicdrtasbapewikiechin s aaepodymyanm git258.aiA phot el tai
device in _accordance with any one of. clainms. 13, 14.0 , ..ngl udi ng
means for egref%%tlsg%rat%e d%g\l/f:%:/el?emg Jl“?.%& pfﬁg%ogc%l taafﬁgkge%/% ellslhﬁfroglf:nc@:grdance
with cl ai prds;nahertdien leherordfenbenghatearns. tincl ebkes=rd .pr edet er m ned centre
of gravity of

11. A photovoltaic device in accordance with any preceding
10 claim further including a sensor.
12. A photovoltaic device in accordance with claim 11, the

sensor extending outwardly of the envelope.

15 13. A photovoltaic device in accordance with any preceding
claim, in the form of a mote arranged to provide information

about an environment.

14. A photovoltaic device in accordance with claim 13, the
20 device being enclosed in a resilient cover.
15. A photoveoltaic device in accordance with either claim 13 or

claim 14, having an outer shape which is aerodynamic.

25 16. A photovoltaic device in accordance with any cne of claims

13, 14 or 15, further including means for orienting the device.

17. B photovoltaic device in accordance with claim 16, wherein
the orienting means includes a predetermined centre of gravity of

30 the device.

18. A photovoltaic device in accordance with claim 17, wherein
the orienting means includes a projection projecting cutwardly of
the device,.

35

19. A photovoltaic device in accordance with claim 16, the



30t he device. 18. A photovoltaic device in accordance with claim 17,
wherein the orienting neans includes a projection projecting outwardly of
the device. 35 19 orienting nmeans incltadi ng an adhesive portion on an
outer surface of the device. 20. A photovoltaic device in accordance
with any one of clainms 51 to 4, the device being nounted on a substrate and
bei ng el ectriecalhy eamnectethding he sdibstivat eorc2dn A photovel tairdadevi ce
in accord%gc%hgﬁég:ﬁéain120, i ncl uding a channel through the envel ope to a
conductive |l ayer of “fot he devi ce and a conduct or connecting the conductive
| ayer to the substrate. 22. A photovoltaic device in accordance with
ei t her of ¢l ai [ erein_the s i nelud i :
conductorg%énd %@O%gﬁﬁ%Fﬁebfgggggdg%i%@a%%ﬁé%gcgg%ga% %q%g%ﬁg%?g'lpg t he
grid. 5231 Acphdtovoid adevideyi beinp aceoreance wt lsugayraime andclogiimg 20 to
22, mhere%gekpgigypﬁ;%gkge%ggl%ge§hg depression, and the photovoltaic

Wt hin i

device i s nounte h t he depression.

21. A photovoltaic device 1in accordance with claim 20,

including a channel through the envelope to a conductive layer of

10 the device and a conductor connecting the conductive layer to the
substrate.
22. A photovoltaic device in accordance with either of claim 20

or 21 wherein the substrate includes a grid of conductors and the

15 photovoltaic device is electrically connected to the grid.

23. A phetovoltaic device in accordance with any one of claims
20 to 22, wherein the substrate includes a depression, and the

photovoltaic device is mounted within the depression.

20
24. B photovoltaic device in accordance with any cne of claims
20 to 23, the substrate including reflective means to reflect
radiation incident on the substrate towards the device.

25 25. A photovoltaic device in accordance with any one of the

preceding claims, wherein the photoveoltaic element is a thin film

photovoltalc element.

26, A photovoltaic device in accordance with c¢laim 25, wherein
30 the thin film photovoltaic element is a Dye Solar Cell (DSC)

element.

27. A photovoltaic device in accordance with claim 26, wherein
an internal electrode of the DSC element comprises carben.
35

28. A photoveoltaic device in accordance with claim 26 wherein



20 24. A photovoltaic device in accordance with any one of clains 20 to
23, the substrate including reflective neans to reflect radiation incident
on the substrate towards the device. 2%325. A photovoltaic device in
accordance with any one of the preceding clains, wherein the photovoltaic
element is a thin filmphotovoltaic el enent. 26. A photovoltaic device
i n accor datee @dtirec| atomrb, awherseirmo 30t e t hiecfidimtphotovekeai ¢e elaanent
is a Dye I e n 0 i accordance
with clai %q g'&r(\%h%ééreelsn§%yl J?fregr%ntgllec%%]fﬁegg%ggy %%%Bécgg?{e%t&conprl ses
carbon. 35 20 the device stores a reservoir of electrolyte to provide an
el ect 10l ytg SUBP!yh i £L ECLLOL ol €1} aXEohaddlle PG, ) Cone 23¢ Ane
photovol taic device in accordance with any one of the 5 preceding clains, a
resi | i%nt AFECERIRY Bl img pRrovEaRH &ttt WiakeFhal devite REOVE8REr &l émdes of

the devi cg3ndepPravisde, PECHBSAls TdQiWid Yevice and provide mechanical
rigidity.



