10

15

20

25

30

MULTI LAYERED PHOTOVOLTAI C DEVI CE N ENVELOPE SURFACE

TECHNI CAL FI ELD This invention relates to the thin
woi2bomopbist ovol t ai ¢ devi ces and sensors, materi &CT/AARM4/001513

met hods used for electrical connections for such

devices, in particular, to materials and nethods used

for fabrication of such devices, - Mre particularly

this invention relates to the nano -particul ate photo

-el ectrochem cal (PEC) devices including sensors and

phot ML TIRAYERED PHORGVOLEAICODEVICE ONENVEROPECSURFACE

PEC devices are disclosed in the foll ow ng patents and

appl i cations: US4927721, Photoel ectroche ical cell

M chael G aetzel and Paul Liska, 1990. US5525440,

Met hod _of nuf acture of photo -el ectrochem cal cel
I ‘N¥§A?EFFgﬁ de by this nethod; Andreas Kay, M chae

Graetzel and Brian 'Regan, 1996. US6297900,

El ect rophaot ochrom ¢ smart. wi ndow;,_.Gavin Tul |l och and |
ThHgort TSIEFAn F280%5 PCTHRUOTI 31 884™ BYCEEKSbr 3 GrftPvices and
sadMS angtdminedssid mendactulRl ther eefec®idg€ connections

Phani and 1 gor Skryabin Further the invention rel ates
£t pph i CaY TP of L3 URRT UM IGEs 15t g &g) methods used
FOV IElIRS%$ 28888065, s@tIsQknewa, as notes or smart dust

. -2 BACKGROUND TO THE | NVENTI ON PEC cells, as of the

type disclosed in the above patents belong to the
M&%éx¥%¥fﬂ3u@5519fthhgniﬁ$éﬁﬁiﬂﬂtﬂéﬂﬁ%@% RROEQ¥OhbAb Cparticulate

(PV) devices. . . .
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:

UsS4927721, Photoelectrochemical 6 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
and Brian 0’ Regan, 1996.

Usé297900, Electrophotochromic smart window; Gavin Tulloch and
Igor Skryabin, 2001.

PCT/AU01/01354, 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

dust.
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These devices are fabricated in a planar |am nate

arrangenent either between two | arge area substrates
wW@r00s/04335i ngl e substrate. One typical arrangeP@€nAU2004/001513

i nvol ves two gl ass substrates, each utilising an

el ectrically conducting coating upon the internal

surface of each substrate. Another typical arrangenent

i nvolves the first substrate being glass or polyneric

and utilising an electrically conducting coating upon

the internal surface of the substrate, with the second

e .pel | mEfdc- | n some arrangenents, the

Bgﬁ?@.({[ﬁ) >T§| trrg%cf’ﬁ\lg baudg]csecond pol ynmeric substrate is

coated with an electrically conducting coating,

er i n other rlsqge ' e s n '

Pﬁs{%b%(%;ﬁa ‘e acsongp?itslge; po@%ﬁ?gégo?? Fg}gn %%(ts)\gé, YPLddts pelong
tolt thé sbngadelf ackass ebécthivalfiymcondutidver neherdwdltaic (PV)
ds\ycéwesas carbon. Also, in some arrangenents, the

e%tethal surface may be a lamnated netal film and in
T]gédsmr dav:tflamsgeaeat Fabtrheabxd efnala sp¥dmoe haylies < oarethgenent

a netal . At |east,one of id fir secon :

Sk T ST sUe: aRELdT Iy A PhnshbroRECES vigi e o Sinole
sh]bgt(tjnfateas i Snthe aypacdled trapspement elieotdivegl | ytwo  glass

conducting (TEC) coating. PEC . i : .
=Bt Taricde, STb) SRy eaprTs: o iy L s i oatins
upamophéowmt)&e::nﬂadonﬂmamag oki gecheguldsitirabeumMdicskiede typical

or titania ). |ayer attached..tqg.one cQ Y ting,
a‘éﬁ%in%e“beﬁthod]éfw{lﬁﬁscaﬁ%f COmprisi nsgu%zf’%%ég%x Bl Hass  or
pél gedriacadral ystilisiery atrt acledrtioathe obhdwcitiormuctdbieg upon

coati ng or. conductiv terial,. An el r t
Bon AT 4 roder Rerar of Pec it e b hberopRal ubstrate
behey opaDEr=ane Ccat hedes bheawjesintel ythd sirseadred surface of

said second polymeric substrate is coated with an electrically

conducting coating, whereas in other arrangements, sald 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
a laminated metal film, and in other arrangements, the external
surface may be coated by a metal. At least one of said first and
second substrates is substantially transpafent to wvisible light,
as 1s the attached transpareﬂt eléctrically conducting (TEC)

coating.

PEC cells contain a photoanode, typically comprising a dye-
sensitised, nanoporous semiconducting oxide (eg. titanium
dioxide or titania ) layer attached to one conductive coating,
and a cathode, typically comprising a redox electrocatalyst
layer attached to the other conductive coating or conductive
material. An electrolyte containing a redox mediator is located
between the photoanode and cathode; the electrolyte is sealed

from the environment.

SUBSTITUTE SHEET (RULE 26) RO/AU



10

15

20

25

30

fromthe environnment .-3 TEC coatings, which usually
conprise a netal oxide (s), have high resistivity when
wa@oeoparisa2z Wi t h normal netal conductors, resul t PEAU2004/001513
hi gh resistive |losses for large area PEC cells
operating under high illum nation. One exanple of the
manuf acture of a PEC nodul e i'nvol ves the use of two
gl ass substrates that have TEC-coatings that have been
divided into electrically isolated regions. Titanium
di oxide (or simlar sem conlductor) is screen printed
788t Bo8€l £5d e%k@f&@%s%falﬁyecgﬁg%fé@td N+Qh %@{gde (s), have high
substrate and a cat alyst”is screen printed ont
regfigbietliar efisenf tdeEPTEEcoatiithy ofourted otIh@Tral conductors,
r8URst{ elnTh@l(% t@@by@:g}é)xh_ggsé§ %@t e.’gaf%et ha?eghlP%C cells
| ayer of a dye by imersion of the titania ~coat
opabating aden hdodyélienindtéen.Strips of seal ant and
i nterconnect material are deposited upon one of the
substrates and the two substrates are then bonded
Oppgernerle Bpecthol Jrrufactaddedft 6 PRE velhdeviavatesssthe use
o@p%%urgqsas' n Qﬂ?st(.)cfatteﬁe ts‘hlékEStH’ S%E%‘%otat&%%% al%%raﬁ:urh ve been
are then seal ed. Anot her exanp o he ‘mandracture O
davPEsl ot esfanialived 1y hésobat of mowbstrnataemmtm@ude (or
syﬁg?gpaééﬁgkéﬁgﬂbt%%§ q%e%cgégb gglﬁgé $£§§t£ é%éé& areas of
I sol ated regions uccessive ers o itanra
thasulE | ngateranaf oxhde,susd rebaduotd ng caaiaddy;tsitc is screen
£dd abngéorse%%% he.a,GaLbOl: baged)ar e deposi ted, . p)
or exanple screen printing, onto sel ec? d'“ar @as “of
stlhet TEG cﬁi@edl&@bstlmadeqx;wid h g heatatialvythcal Byt layer of a
dglléth a t%}’lér}g?laéiefgg:c r‘!:: & C%lqzn%la coa%etlts%%satrla%ecofg eghe dye
solution. Strips of sealant and interconnect material are

other

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 sealed.

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

substrate.
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by i mersion of the nultiple -coated substrate in the

dye solution. Electrolyte is added to the spaces
wowdkiogseshe porous titania -insulator c-atal ytPCI/AU2004/001513

| ayers. The seal ant face of a seal ant/pol yner and/ or

metal foil lamnate is sealed to the substrate .-4 One

advant age of PEC devi ces descri bed above is in better

than of conventional sold state device angul ar

performance. It has been denponstrated that these

devi ces performwel|l even-dander diffuse |ight

okONditd é)rof\’hﬁﬂc S&é@{c@%&éﬁlﬂeﬂg'a%%g‘ée J.%I fJ.fnerbetter than

fromnormal. This advantage Is attributed to nan
charPrEantheeakt patduseabt pluiec- aoouter| Werfsgrmahaet It has

b@ér@vﬁgﬁgngtggt@tﬁe@hgé Q@l@gga%éﬂ%e§ur%§g§ SZ\? 1 aegﬁ{l under

article, coated hin | ayer s |1
di wis entl ighsm aphdﬁﬁ‘—#@tﬁl ons, vheus $CP'ﬂFﬂ’IOVIamlglanngarlnCldence

dPJ_efgx%r MRRGH leérr@ai’mOlIﬁlgeléc?va%fa%ret UEQt eAtX: ﬁ%sﬁ to nano—

advant ages of PEC are not lized
pPagibistldrds  Ahrvetwrd acs uétmcalpbanhw@ﬁbst taa’e prov:Ldes

%}{j @Llréar ecgiL e%ﬁgtéégﬁfé cap fzﬁ’@ét % l?i()lx%;r}oe %Xble, coated

especl al ly at angles o i nci dence
Wi@ttlwrl:oahwgcs cdul diyeverbemebs hi élgﬂnioblmnmaryt from all

I [ roperties sare
PR S0 LnET S chSEh PP 185 groone ot
only smal|l part of solar spectra. Further the said

UIP% a:ql%\é}tcé%§éngﬁgggl 9&+%’nyt%t r lsaro%ePﬁbze L€ u’lc rg ﬂyg utylllzed in

conducti ve anspar ent ¢6a
tid eplanaal suleslusi’tzmaoe Pof irrlmﬁpaleeMet@zleent ral qa]lanar substrate

ctor of ctor _for_performanc
a&o?r%gg:w geefé. c‘l:.rsggﬁg{lh B I% RI% S0 a%f egglaci:w,fleﬁﬁq:m,ally at
high ianglewentt pJnanaentéu nArEﬁ:JﬂafPL‘écdeveceSatlngs could overcome
this problem only partially; their antireflective properties are
tyfnically wavelength dependent, thus optimized for only small

part of solar spectra.

Fufther, the said PEC devices, especially of large size require
highly conductive and optically transparent coating. Electrical
resistance of transparent electrical conductors is often a

lirﬁiting 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, intelligence and security the motes are
expected to be utilized in various fields including: inventory
and warehouse control, structural integrity assessment for
buildings and bridges, building automation, metering, home

networking, industrial automation and agricultural monitoring.

A mote comprises the following elements:
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for powering mniature wreless sensors (notes) . It
is recognized that notes will provide universa
W@ weeIeBY i ty bet ween physi cal environment andPCT/AU2004/001513
internet. Although originally devel oped for defense,
intelligence and security the notes are expected to be
utilized in various fields including: inventory and
war ehouse control, structural integrity assessnent for
bui | di ngs and bri dges, building automation, netering,
home networ ki ng, industriabk automation and
agrigultyral monitoring. A note conprises the
follomng elenents:- 5 1 . sensor 2 . data processor
. d.réasmidtoges4or Recei ver and 5 . Power source:
e%quyrg&ﬁ%@gg + PV el enent Wiile technol ogies for
elénent s to 4) present practically unrestricted
cdparsdeiviegr amidni at uri zati on and i ndependent wirel ess
ORer ALl ANS,o, 3 8USLALNAD! & And T eneyabl &,dqdependent
pover source is a key to market acceptance and success
of the notes . Mdtes currently avail able are around 3
ngur_rleby tscﬁrq%lggdeén @Iogt l'!erlle%ngkltgn 1S l:!)nlsﬁd]%npeé%q: ractically
avai | abi y i m Cr opower generﬁtlon n’'situ. urt%er,
uexéstiing atot esapaeitof afwmar dishapesizatdiondel ander abhdependent

whfle B dypieal defense Lhealre  fhere ane exanplgs o
ropower sources’ based on el'ectrochenical ‘energy
pster ageutddat seni &y and rrketphotceralnaec aaldenenricefeor of the

SoNLi nuous chargi ng of the bgttery. Ener gy

Endependent

Motes currently available are around 3 cm by 5 cm, and
miniaturization is 1linked to the availability of micropower
generation in situ. Further, existing motes are of awkwarxd

shapes, not deliverable in a typical defense theatre.

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

requirement 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
affects aerodynamic properties of these devices, their
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 light

conditions.
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requirenent is the main limtation in designs of snall

notes . In addition, the notes and their photovoltaic
we@b@seses2 are currently realized in substanti aPCyAUR@YE/001513

structures. This affects aerodynam c properties of

t hese devices, their visibility and [imts avail able

power. The planar PV devices of the small size are not

capabl e of capturing sufficient amount of I|ight,

especi al | y under hazy, snoky, cloudy or indoor I|ight

conditions .- 6 OBJECTIVESsOF THE INVENTION It is

therefore an object of the present invention to

provide a thin filmPV device, nore particularly a PEC

device with inproved performance, especially under

diffuse light conditions, that are typical for

operations of notes. It is further object of the
95ggggﬂ%@§L?§gﬂ£§;&E!§ﬂﬂﬂQ@yide a photovol taic device

suitabl e I ri S d._i W.th a :
ot T ane T I hod S D STRRRRY CE T RVET e @
th?nknﬁﬂmm t eVnedénice nv emtreonppriovdules: fyor aut PEE zad¢okre  with
. of curved surfaces for formati I of . thin Dy
TG Toy O P A Co el SFRR vn asE STFEh8e OLibif feonaitions,
tiedternerd $ypThelt 8om ompurarédnsi sfusetksn this

speci fication to.describe substanti.all. = pl. anar .
Tsurfac %ﬁkhﬁfbi8§9?§¢tlag QﬁF?agéeféﬁguf%ggggﬁpgrng fvide @
photsxatliten cotlevhee phot tainld aicr gloewentng Mheet ypidalntegratable

curved surface.used in t.his i.nyention is characterized
b ﬁhgmﬁgdWﬁgﬁﬁ? ?%%:%ﬁ?§ﬁpﬁggy%éing bel ow 50mm but
preferably - less than 10mm The di nensions of the

SO B SRR NGBS GES

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
substantially non-planar surfaces. Typically the surface is
curved prior 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

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-

sectional) area of the element).

It is essential that the curved surface 1is provided by an

envelope. The envelope ensures mechanical integrity of the
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than 30-50mm but preferably - less than 5-10mm The
curved PV elenent allows for better capturing of |ight
w0 e@s0adeB2 di recti ons and provi des better footpPCTIAU2004/001513
efficiency (efficiency calculated with respect to the
footprint (or cross - sectional) area of the el enent)
It is essential that the curved surface is provided
by an envel ope. The envel ope ensures nechani cal
integrity of the-7 photovoltaic device and provides
for encapsul ation of the photovoltaic element . The
c nt ev I e
ROBLAYRLL © SLSTEN! GAMELIPR PV LRSS LILANS or  wne
pbbtcbvctlalﬁitmedEMnﬁe rut heni um based dye, el ect roI yt e
with iodide based nedi ator and carbon or platinum
based counterel ectrode . The |layers of the
Tphotplwﬂd\ajl(taelcerreﬁemeotll dedrepficresed sevelel wiléhénst heln one
env or I
NI Chi T hoPuRTEr A% e Daat bpe AT S mdavers  of
tmtam;plm cai¢25/lda,answtalv@rntumHI®redaldyeTheelmuJJydrre with iodide
royi des for on_ of p stlc
b%lsa err?a lsat§§ vvefil Cégé% Oﬁ é)slérté[éolg%%{%%eé céléctelrﬁlecFrOde
transparent conductor Is attached to the envelope to

TRasyLe eLfect e 'o'teo%t hon, of slach '%%'ul%“”e{ srmedf either
|nven¥|on DTOVI&%SP UtlFIZ&tlon (0] transparen

wtonductiengnoxildes (:rn@lm whet iemveXbde, fl uorine doped

tin oxide, etc.) or of a nmesh nmade of conducting

fiber, for exanple - netallic nesh (stainless steel,

Whéet atthel M atanzgstren formekeljtietc the éﬂveﬂopbethayeﬁﬁelope must

baremg énEd Ono% 1cafﬂ§lc¥¥%ggy%r ¥e| ggerlafo invention
provides for utilization of transparent plastic materials as-
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, fluorine doped
tin oxide, etc.) or of a mesh made of conducting fiber, for
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
conducting coating may be utilised for collection of electrical

current.

The invention provides for wide range of shapes of the envelope.
In one embodiment the envelope forms a dome containing the
photovoltaic element. It 1is preferable that the dome 1is

substantially a hemisphere. Typically the dome 1s mounted on a

substrate forming a base of the dome.
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necessarily transparent. In this case, non-transparent

conducting coating nay be utilised for collection of
webk®snsiednl current . The invention provides fPCT/AUZI®4/001513

range of shapes of the envel ope. In one enbodi nent the

envel ope fornms a donme containing the photovoltaic

element. It is preferable that the done is

substantially a hem sphere. Typically the done is

nount ed on a substrate form ng a base of the done.To

ensure environmental protegtion the envel ope

encapsul ates _the phot ovol.t ai eyice
m%ﬁ%ggVﬁ%ﬁ?v%ﬁgngﬁggg%ﬁgxﬁ§ﬁggﬁgr%%%I?n+?1%§§dﬁlé¥§?g€'es the
phdatvdlheiendapsed at i ng envel ope need not be a regul ar

geonetrical sphere, but could be any conveni ent shape.

It is beneficial, however, if the envelope is an
Iaebndypanbgisdapethé neanolbee ésbedhaentat helenvel ogpalerstood

is in_the form of. pal yhedraon., The thin film PV, el eqent
that f ofhed SRCAP LS tﬁ%“ﬁ%ﬁ?ﬁedfgﬁ@'Tﬁgﬂ%nv%%tigﬁ regular
gévmtrdes 1f agpHettet, hasutencapsdll ati emyof cdthesrieinghestragre. It is

such as.an_external, e created by the enca n
bene ﬁ&yngﬁwiye%#dﬁfgﬁ% ggﬁgg?p%F“¥ﬁ%bﬁffSﬁyggglg Bhape .

phot ovol tai c device conprises spherical electrically

conductive core, on ich layers . of ,the PV_el enent_ar
ﬂ%éﬂ&&mﬁraﬁﬂ§08éﬁ8%Ft% ; %ﬁﬁé%qge,lglégtgP%aF?ﬁm 5t pSiyhedron.
T NehkGt | fsein] @Pperelearpri ses fanyeof oknawside ans paltentolyhedron.
el ectrically conductjve terials.including, but.not
™e m f%ﬂeQ?}gﬁl'éﬁgﬁﬁk 3$duc{ﬁ€%§egxié%%iéﬁsggﬁgﬁg?ﬁ|18f the
p®D} YRGS, suldBShsmede ofccetnliuehbpg Erdred by the encapsulant

is aerodynamic.

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
coniductive layer comprises any of known transparent electrically
conductive materials including, but not limited to

®» transparent conducting oxides,

» conducting polymers,

»= mesh made of conducting fiber.
A ﬁransparent plastic or glass envelope is then formed around

the photovoltaic element.

The invention provides for a channel to be made in the envelope
to enable external electrical connection(s) to the device. In
one embodiment the conducting coating is extended to line all or
part of the internal surfaces.of said channel to provide the
external electrical connection(s). In another embodiment the
channel is filled with an electrically conductive material or
non-conducting material (e.g. ceramic glaze), forming a bond

with said conducting coating and sealing said hole(s).
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A transparent plastic or glass envelope is then forned

around the photovoltaic elenent. The invention
w@e@siodss2 f or a channel to be nade in the enveP@OPaUL®4/001513

enabl e external electrical connection (s) to the

device. In one enbodi nent the conducting coating is

extended to line all or part of the internal surfaces

of said channel to provide the external electrica

connection (s). In another enbodi ment the channel is

filled with an electricall-p conductive material or

AEQ”18 guc ﬂéull & ale (%hg ﬁﬁé@ggéi %ZekieRgﬁg1ngomprlses

sal conduct i ng coat i ng an seal i ng sai d
shmne@@luctcg: At Fdreastidsne hamger wfe t englsongvetiagc materials

lﬁl\,gﬂfgfgn rv'lﬁéé Sﬁf@ C%ﬂ@‘éSEQﬁslﬂ:O{at‘%ﬁe Q?Pgd}y%a,p to absorb

sem conduct i ng material § 1 nvention pr ovid
ephot vsmagidtiizat ¢eerdy dfe ligbtabsior biel ecefewaghet it utilise

n8RBL @Yo flx ddDend dorlh REELEr BLEh9. Wibhi $E0A0) increasing

I sperse sem condl uctors, thereby significantly
Phntpeaglm@éph@t@écthveehﬂwaﬂof the elenment. In one
enbodi ment | ayers of the PV elenent are forned on
internal surface of a transparent spherical shape. The
Ishapee beimhpdimdet of Lateasss, ofol yimer Pt ahymettherare formed on
ticall paren nment,,
1fREETE) o P SRERERE TReEhh B PACEIEL CHRAIL o he snape
behegtmadalby gbmﬂwctpq&yMﬁnwartdnyIqﬂherlay@ncaéﬂmgtraHSParent
tkc ily transparent. The said core is selected from
? alfic (Ti, W, SS, etc) or non -netallic (carbon
conducti ve polyners, etc.) conductors. The invention

IBF%%%%%%rf%%b% mggg}oggétﬁggeggvbgePg% device are formed on
the spherical electrically conductive core, the last layer being
optically transparent. The said core is selected from metallic
(Ti, W, 8S, etc) or non-metallic (carbon, conductive polymers,

etc.) conductors.

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

hole in PCB for the back side connection.

The invention provides for wusing mirror-like plate or for

deposition of highly reflective layer on top of the substrate.

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 required.
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connected to a substrate by standard connecting neans
utilised in PCB technol ogy. For the purpose of
w@ovseelsBon (both el ectrical and mechani cal ) tPEI/AU2004/001513
i nvention provides for electrically conductive pin,
enbedded into the envel ope. I'n case of doubl e sided
PCB the invention provides for utilization of a hole
in PCB for the back side connection. The invention
provides for using mrror -like plate or for
deposition of highly reflemtive |ayer on top of the
ngbfﬁréﬁg%o4tfd% %lg b%og§gg£| égjuéfh ! C& éé%gf“g%ace of a
ohe phot ovol tai'c devices on the sane sSubstrate and
seheciddic aldwi centeesr connettitiibenl usengrogridd Dfr electrolyte and
conductors. The .ipventjon al.so.pravid f flexible.
SETR AT ol Areh VAR PR SRR M oo el g G ake ot
théavesnticen further provides for using an internal space
of a spherical device as an additional reservoir for
el ectrolyte and drying agents. Additional electrolyte
Thé | [ nexiteinth ysefuildelsi fferofthiche ldeente. ofhe imtentticorbe formed

rovi des for the §|$nEntﬁ§Pf a note to be fornmed
i ST PTedciedT ed envErope. The envel ope i s

commonly of a spherical type, however, it may be

advant ageous to i npl enent ot her shape sel ect ed based
TR CRE Tore Sy REMPEL br Opeh t TR AN of YBE6] BITETS b may be
adesorshatgist aconencdepeat oththeshapent i saleatddivadad mn their
gho ovoltaic devgce IS iIizing.ﬁ.surface of the
2eheevE S RAPRS le%.%ﬁ%é??ﬁ?é? tht'ohe embodi ment, at
| east part of the envelope is optically transparent
Agggrcgihneg Sai‘lod pc?noet ovaoslgeaétc doej:yl Ct eI S ifno\/[en C.jLo%r) a thin film

photovoltaic device is utilizing a surface of the envelope shape

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.

In another embodiment, the said photovoltaic device is formed on

external surface of the envelope.

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

are formed on external surface of the envelope.

Although, this specification describes shape of the envelope as
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.
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internal surface of the envel ope. In another

enbodi nent, the said photovoltaic device is forned on
w@za0siouisB2 surf ace of the envel ope. In further PCT/AU2004/001513

enbodi ment according to this aspect of the invention,

sonme layers of the said thin filmphotovol taic device

are fornmed on internal surface of the said envel ope,

whereas other |ayers are formed on external surface of

the envel ope. Although, this specification describes

shape of the envelope as spherical, the invention is
rROt 1ig8,5ed,t 0, 080MBIS | ¢l SPRRIES e PUL,PIRYI desicf 0bs glass,

ot her, substaﬁ%lall curved and not necessary regul ar
péheipiecs, ared/ade eewﬁlb@hﬁr padteblensatsfriades -sphere. - 11

The invention provides for envel opes to be nade of

gl ass, plastic, netals or any other suitable
Appiterdlal stheplimivenghont Aes¢mikat iophddovpiibesc aelement of thin

t ak e i, f 4 ' iy : :

Yo e ot T ae S Spedi T mAd jfiyoite thin filn
teelhmol Bigisesswiic e aisocopgaid cPPV (CBPY) , diige sedlear asdlllss (DSC),
s§ DGy . 14TE 9% & ssol ar cells. The invention

prOV|J%s for-a hol e to e made in the envelope to

enabl e external electrical connection (s) to the

device. In one exanple these connections are nade to

antenna required for transm ssion/reception of
Thaf bnvettiom nnmvadeshépreabbdlﬁeho bhemgde dimntlennenvslope to
e%gbiTEd on.Lnteroal .. qr; 8 ecfo%%'ecgwflzgf of, EPS QELAPe 1, e

ISola |ng regl ons of the sai rrca

ezmmpzllﬂ:t |t\hesafat<ecvmzmctm¢mg appe o[ et etehaEpeEnnlan yetipired for
transmfﬂm? odbgeglo le- antenna, is a wire extended to

outsi de of 't he Bnve ope or apﬁacﬁed to the externa

surface of

In another embodiment the said antenna i1is formed on internal or
external surface of the envelope by isolating regions of the

said electrically conductive material into appropriate shapes.

In yet, another embodiment the antenna 1s a wire extended to
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
surface of the globe 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.

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

thereof.
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the envel ope. According to another aspect of the
invention the note is forned inside a spherical glass
wepwshess2 (gl ass globe) . Internal surface of PCEAYR®WE01513

is conpletely or partially coated by the transparent

el ectroni c conductor. Sonme regions of the transparent

el ectroni c conductor forma substrate for a thin film
photovol tai c device. Additionally an energy storage
device is fornmed inside the envel ope. The energy

storage device is elther-azhlgh capaC|ty capaci tor or

an el ectrochem cal bat%e Y O 4 :
Nt d o éﬁé ra e d . Th
Theh et RIS AT Vet Ton pr OVI or a | nenergy ©

trﬁtnorfagel dewirgg. stheagdi detidan Jemecrcg\yncstl(yr é@émaévipééxrl@ate to

(of0) y_.fornmed, pro Bl e e thin fil
th&w%\? EY émcnz’logﬁgﬁﬁ f (_:éio(%%r“\eengcasefs?l nﬁwocgdve\i/e\r?grs,est'hgogg?fer' the
sdili rtkﬁnera;yexsgtyora@eag‘evideeibs fier fedmed thetbepaeapeate part
ntern ext ernal su f e envel ope.
OfDHéltt§5P8 efferay ertnglagsgr avice fan %SEP%%){%‘E%OVOI taic
TR ev@nt caeegel eﬁbra@aldqvjwmaadt edn_dl phosofoihed ¢ @llgment are

o eneliely bonReace a fl ode L. AN o oLl Wi BLLEULE piace

‘t orage evice an % he photovol t ai
dﬁﬂdaNﬂM.aﬁTheebﬁVEaalcwﬁqnumm teswken thenemaﬁqmcﬁﬁnﬁage device

formed bet ween. t he | talc elenent and r
ang pF%@ePg&FP‘é%lt%C fr% ecnasegf ¥he f“aeréfflsonof ;&e ¥z thin
£ nafibbe di@deCovet weebsttart | ahb’yow;ﬂdiaacar elelfnetlﬂne and the

phot ovoI taic ement The invent
en&GHe MG AP Srﬂ’ﬁ%ﬁ ur’g eﬁ?&elgg)?\égt%:rgg%ad |]§Sreoas/£egtﬁlse c?%ld thin

FilRgi dectibe LReel apdstantially whole are of the photovoltaic

element.

The invention also provides for conventional miniature energy

i \ L
storage device secured inside the envelope.

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

connected to the energy storage'device.

i
Poéition of the sensor in respect to the envelope depends on

requirements of selected application.

For light sensing, the photovoltaic cell itself provides an

electrical signal modulated in accordance with light intensity.

For some applications (such as chemical and biological

monitoring) the sensor is extended outwardly of the envelope.

To protect from mechanical impact the envelope is additionally

enclosed in a resilient cover (e.g. polyurethane).
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In addition, the data processing and data
reception/transm ssion el enments are secured inside the
wepweheps2 and el ectrically connected to the enB€T%U2004/001513

storage device. Position of the sensor in respect to

t he envel ope depends on requirenents of sel ected
application. For |ight sensing, the photovoltaic cel
itself provides an electrical signal nodulated in
accordance with light intensity. For sone applications
(such as chem cal and biolwgical nonitoring) the

r$ensor Ls extended outvardl yiﬁ;'%éqetggveérgpe%;o L0 and provide
Pr &t SCt °f r'om mechanica i nmpact ihe envel ope 3
metthrtiicenal | 3igndltgsed | nreslasinti emateoved (e(ggastic) being

ol yur et hane -13 To .secure all the elenents inside

pl{)%velogﬁ%gé”ﬁl%gé%a%%e perrbvvellé%%r'rechani cal rigidity a

resilient material (plastic) being provided within the

enve| ope. . For _attaching.to _the variqus s esca ; -
F?%y%¥t%$h%ﬂ%e5?véafs\5835@5dE%ﬁ~tﬁggeﬁbéﬁ%%%s %ﬁeasgeSlve S
cHeat ek onofcthehesvéyges .can be precisely delivered to a

target position by accelerating a device in a

predeterm ned direction in such a way that after
THd YPRg deritcaisn «ff stahcetiyhe dewi dee wpkécheeln dehtwested to a

with the target object and adhesive w.l| provide .
t?ﬂﬁgﬁe?Péégfgnréﬁ%iﬁc??i%ﬁﬁgﬁngos?tf%ﬁl or & réqu %%éﬁtermlned
diengtiorofid | gch Thewsai thaic cefesat fonimaycdas gginveli ftence the

a pote froma ground, pojnt . fromthe flying objec .
AREGF %&{%Pb?tgnh&qnggﬁ%vegL &Pfeﬁﬁgpf&ef§0%ﬁg 50&:adheSlve
wilEVi geotadle bgoj Ushedrdepped fucomremdinyiig thjecposinion for a
régéfrecdasleen%?:lhg%tf ggrglefc’p”?}?ed s?gi& haeccfellglrggiggj nelé:}t/ k% egiven to a
mote from a ground point or from the £flying object (e.g.

aircraft, helicopter).

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

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.

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

intersects surface of a target object.

From another aspect of the invention a photovoltaic device

includes means for orienting the device.
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taken into account to determ ne when to drop the note

in order for it to lend on predeterm ned surface. The
w@e@deisssm ned surface may belong to the novi nECHATG2008/001513

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

enbodi nent the acceleration 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 ar€4sel ected in such way that

Iprgﬁgcéﬁé§ ﬁqr&he e%%kggo%VgQEgﬁegsp@t%r%égﬁéesgrfgggfted in

of "a targe j éct rom an ect of
suaiveat IV\@W atkpitotwdﬁlt apcttevi o€ igrevides frcmss ¥y device is

o£¥é§¥“& ng%thiggggkgged é%bé%% e%ggglg?ﬂémté%ggﬂw%ﬂgﬁres the

evice 15 SH i'n"such a way t
lQWEdEGT p@(surt@nnocbf grentirey off opcevitie. device is or| ent ed
in a predefined direction. This orientation ensures
the | owest position of centre of gravity. The
Tisel fsedrfi-entiedt eévideyiersuresuspeci fpasiditicectioaciolon heef the

ntenn I 1y - _up ds) . In another enbodi nent
@%E%OF% nceEfl v‘Zudr‘%@%pect of the invention, a

nDte addltlonally |ncludes supporting nmeans to ensure

t hat e_spheri.cal bod tione st
D?r&ﬁp%g sﬁﬁbgpfpﬁagsur a%% O ém§h Qléﬁlﬁggneéﬁg%%t of the
inveltide,a noduard anddat sprally plogévteng owpwatdhy ofieans to

t he dev | n one exa the supportin S
er?%ﬁ%g_ehaa gt .5 f:oth)erﬁ} 52 Eo%?tl nec?har{g%ﬂedsls\;ceance from
tHe® ﬁnﬁMﬂelhgrﬁnﬁfiexhnent to the supporting surface.

The supporting means can include a rod or/and a spring
projecting outwardly of the device. 1In one example, 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
oriented by aerodynamic 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 1is

created.

The invention provides for a rod to be made needle like (sharp),
thus, when the rod hits the supporting surface, the needle
penetrates into the surface, ensuring attaching the mote in a

specific orientation.

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 by chemical energy stored either

inside a mote or in the attached small container. Part of the
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According to another aspect of the invention a device

is oriented by aerodynamc forces that it experiences
wWoroosloyieszy pass. I n one enbodi ment this is achPewat2dy/001513

attaching small wings or a tale to the body of the

devi ce. I n another enbodi nent a body is shaped in such

a way, that wing -like geonmetry is created. The

i nvention provides for a rod to be nade needle like

(sharp), thus, when the rod hits the supporting

surface, the needle penetnates into the surface,

ens n c r;ihen n
o B e s P eE F0e oS P T el g “omane o
tof powdel theryotd cperptéord Bt & FErtadnf Be®S- I n one

enbodi nent s self -propelling is driven by chem ca

energy stored either inside a note or in the attached
A:ﬁuﬂﬂor¢ongaﬁnefa0$%¢habmeM% 15 aifarhes] tendegyribed in this
spec glgat LuideeSabliPropel ) 'J&tg%hdopeoyﬁﬁgmto

e operations for a certain tine.
supportlng surface that note is attached to descrlbed

## Bh%cﬁ,g frl—: % %EWEﬁgéd be horizontal, vertical r
= OF DRAW NGS HaV|ng br oadl y
pormhayed theoaatmrepoftrh£e®re§h®t nnﬂ@hﬁloﬁf the ~ present
i ments.t ereof de d f

1q¥? Pg,angbop rar%%éféﬁﬁN$h%l ﬁﬁ% ?@ d%%ﬁ%ﬁﬁé&)by way of

exgiegisei pﬁubn;lluﬁtmaﬂuua\mdﬂy be fadeheo f¢k&0w1ng description,
npan dr awi [

%%rfpﬁgdx%gctllo%nmao eg%o QP%h%cg\%oer?ﬂe: %dé\]f%@:é Srmed TR

accordance with flrst exanple (preferentia

emnrbadi
o%gﬁ%gta 92 ggeeﬁ g%ggd Wition of a multilayered PV device

formed in accordance with first example (preferential
embodiment) of the invention.
' Figure 2 is an enlarged section of a multilayered PV device
foi’med in accordance with second example of the invention.
Figure 3 is an enlarged section of a multilayered PV device

foat: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
envelope 10, on internal surface of which a thin film
phétovoltaic 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
rerﬁaining space inside the sphere is filled with a filler 18
(good heat conductor) and the opening is blocked by a stopper
19.
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Figure 2 is an enlarged section of a nmultilayered PV
device fornmed in accordance with second exanple of the

w0 poossiean. Figure 3 is an enl arged secti on of P@I/AU2004/001513
mul til ayered PV device formed in accordance with third
exanpl e of the invention. DETAILED DESCRI PTI ON OF
DRAW NGS Referring to Fig.l a PV elenent is build
i'nside a spherical envelope 10, on internal surface of
which a thin filmphotovoltaic device 11, a diode 12
and an energy storage dewviiee 13 are subsequently

forned. art of fhe i . suyr LS | pcat
Ry APSELS®! 28, SISl | gpelSeca oy
rubdrqyi sesteehal ni2lg seksysiains soirfehe ndit e dfs whsert e made

[.,nta_t he _sphere_thr h an .openi.ng. 1 nd. el ectri I
BT o O ERE Brdh oy LT AgR o ERn L aHE 10 B igee
seusireg Winr ebe 1¥ubddwey rlewyeicni ng space i nside the sphere

is filled with a filler 18 (good heat conductor) and

t he opening is blocked by a stopper 19.-16 Referring

to Fig. 2 a spherical envelope 20 is coated by a

rubbery material 1, _external .surf of i C
nadg(eé%ﬁééflge.tOAnEZlgﬁt3enanas%rllscaelx?fgﬁd(§%v Creovn\igl ng?ﬁrged on an
idterrenyvelmagecandfsacupetow ngldies readifrerey Jeayédr hole 24 that is
ferri to Fig. a spherjcal PV device. ..s formed.o .
m iﬁﬁepﬁ%lsggég%c%e% % %ﬁhog%@lgg °Spher€ 3b. QPgEOVOltalc
atibl en24gtyhadtdrsagendeayerd hengphese senuestibuog hther device to

-SSRSO oL RROLEN LAt AR SNSLY, 8 O LS | AVl aporent
c&aeeor 37 26 dySubseguented ayeos 8 antr arfspar @btrous ceramic
iégﬁg#ﬁi?gﬁmézérggf %Sn%éyé§egﬂi§ %Qg 82p§sf¥gé”§h the internal
sufface of the sphere. The transparent conductor layer 1is
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 ﬁV element. A conductive
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 1s secured on a
support 33 (flexible or rigid). Spring loaded connectors 25 and
26, ensure good electrical connections between the device and
external electrical terminals located on Dboth 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
pin 31 to the spring loaded connectors 25 placed on the bottom
side of the support.
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insulating material 29 (e.g. are deposited on the
internal surface of the sphere. The transparent
w@ondinelssr | ayer is extended to cover walls of P€TiaUbWKE01513
and a part of an external surface of the sphere. An
el ectrolyte is added to the porous insulating
material. After deposition of the |ayers a space
i nside the sphere is filled with a carbon based
material 30 that serves as a counter electrode for the
PV el enent. A conductive pim'31 is secured in the
Cﬁ on based material . Seal i ng 32 ensures that
um dity and oxygen from environnent coul d not
penetrate inside the device. Additionally the sealing

1prevent ghevaporadionaebitde ehectaohyt e Jhe Aiteed Selement
secured on a support 33 (flexible or rigid) . Spri

irehddtN T ornddsrdity &hd 126 ERs urdE Yot %P%%%?R%alag least a

p&PANEE T O behveespd hewwiey Ge cardeextesmale el ectri cal
termnals |ocated on both sides of the support. To

enhance efficiency of the device a mrror 34 is placed

cundergegt b §ha rdevi eevand QR LePoLhatdie $URPOELaid 1, wherein
hol e 35 nmade in the support frOVIdeS for connection of

1Fh%r%o@§uc’%1‘|l€i/epb13ﬁo‘8‘11ttadct helaptthgareadéd %Wr?efdtn@r schemical
cémpdb B, on the bottom side of the support.- 17

CLAIMS: 1. A photovoltaic device, including a

photovoltaic elenent including a plurality of |ayers,

zand an W@\Rﬂ%’alﬁt d|e@§§é ?L‘anEEbP@a@:te the vl 0P or claim
havi ng a curved profil 2 hot ovol tai c device in

2acobedante ONG OF diagiem JlaYE\fVﬁFer%é)nUP%\yE]P%t%‘fOJttWé—c element are
£BROLQVQl 12 € releaBpL1 g5&. of differing chem cal

conposi tion

4. A photovoltaic device in accordance with claim 1, claim 2
or claim 3, wherein one or more layers of the photovoltaic

element are formed on the envelope.

5. A photovoltaic device in accordance with claim 1, 2, 3 or
4, wherein the envelope forms a dome containing the device.

i
6. A photovoltaic device in accordance with claim 5, wherein

the dome is substantially a hemisphere.
7. A photovoltaic device in accordance with claim 5 or claim
6, wherein the dome is mounted on a substrate forming a base of

the dome.

8. A photovoltaic device in accordance with claim 1, 2 or 3,

wherein the envelope substantially encapsulates the device.

9. A photovoltaic device in accordance with claim 8, wherein

the envelope i1s in the form of a sphere.
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3. A photovoltaic device in accordance with claim1 or
claim2, wherein one or nore |ayers of the

WQEhbotoysBt ai c el ement are formed within the enkel/apzn04/001513
A photovoltaic device in accordance with claim1,
claim2 or claim3, wherein one or nore |ayers of the
phot ovol taic el enent are forned on the envelope. 5. A
phot ovol tai ¢ device in accordance with claim1, 2, 3
or 4, wherein the envel ope forns a dome containing the
device. i 6. A photovoltai®e device in accordance with

l(ﬁleal Py %ho%%%?kgbég e\%) :’.1’? e§&@<§£ﬂhtc§ea|d1¥:ha claim 8, wherein

m sphere ovoltaic device in accordance wi'th
tld airmeBope ¢kaimBie Wloemepi & heo Breldos.nount ed on a
substrate formng a base of the done . 8. A
phot ovol tai c device in accordance with claim1, 2 or
1:8 mﬂerpeiomovheteiwecﬂmie:%mmaamoirdhhyeentia?psm@itr@squhevherein

devi.c ho .t aic e rdan i
LI sf}hrﬁ%’vo\%ﬁg%gl ni qﬁ%te%ve ggéé&“ I g%f or%mgg?mgésﬂhedron'
sphere.-18 10. A photovoltaic deV|ce i n accordance

%ﬂot h cl ahorg f_jl_%er ei %v&gg %.leei%be.rdgécén V\;lI%% fag{gg]ccgtfle A5f the

| yhed? hotovoltalc I'n accor
pmctehimigal nﬂﬁzﬁ)msmhehmtmetxhelphbu@mxitaarc ellepbnenig apparatus

m%llgr\{ﬁneecg riuht I\Tatche oefam;e (%Eﬁ0|grl?(§d£)89ﬁ? ?%e&PML%\ﬁq aéé:hnected

accordance w oneé rece
tel ails, photdhertdincl aﬂ:le'amgn‘ra,n elhectpbm@vcalpwamt géement Dbeing

'thin.éhe envel.ope and el a

o[B4PLED 4 L0L0; A0C INGL20E 200 Del 8 RS Lo B aratus.
phot ovol tai ¢ el enent bei ng

13. A photovoltaic device in accordance with claim 12, the
electronic apparatus including a transmitter for transmitting

signals to a remote location.

14. A photovoltaic device in accordance with claim 12, the
electronic apparatus including a transmitter for transmitting

signals to other photovoltaic devices.

15. A photovoltaic device in accordance with claim 13 or claim
14 further including an antenna connected to the transmitter,

the antenna being formed by a conductive region of the envelope.

16. A photovoltaic device in accordance with claim 13 or claim
14 further including an antenna connected to the transmitter,
the antennal being formed by a conductive layer adjacent the

photovoltaic element.

17. A photovoltaic device in accordance with claim 12 or claim
13, further including an antenna connected to the transmitter,
the antenna including a conductive member extending outwardly

from the envelope.
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arranged to provide electric power to the electronic
apparatus. 13. A photovoltaic device in accordance
wowaoks/oedcdt m 12, the el ectroni c apparatus i ncl uPCTgU2004/001513
transmtter for transmtting signals to.a renote
| ocation. 14. A photovoltaic device in accordance wth
claim 12, the electronic apparatus including a
transmitter for transmtting signals to other
phot ovol tai c devices. 15. A photovoltaic device in
accordance with claim 13 er claim214 further including
gn an5$g>%tgggﬂggi§qk£%xﬁb§ntEégég&gﬁégnwi%%eaQQtSHanf claims
ei ng y a conductive region of the envéel ope
12650 Al phdluevbet aitc Hedd e ann eaecoy datreeas evérair m 13
or claim14 further including an antenna connected to
the transmtter, the antennal being forned by a
leondukct Phetdﬂayldraiavdj deeite t he plroedenrai ¢idghenghrim 18, the
17. A Qvol d 0 c t a
°BFt gﬁ? f%%?%gr%%ncg %ﬁngﬁgnkgﬁﬁeﬁﬁgécg%%éc%%ggég formed
pthmmarms:met flepers hef aritemhatomel bl helemsmitduct i ve
nmenber extending outwardly fromthe envel ope.-19 18. A
phot ovol tai c device in accordance with any one of
2¢l ai s ghatevdItafar téeice nol liargdancenwiyly stvrege of claims
eV|c hoto I n accordance with
9 :ﬁ%8%%gﬁ§egné?c :?%%gb%%égggce being in the form
of a th|n | ayers forned proxi mte the |ayers of t he
ghOt £a£ '&ﬁﬁﬁtdegg A hg&%% %%Eg g%% £Em 20, the
Ccordaﬁce W th any one clai s 1 urt
sensbudidgpralisgnsotva2dly /bii)h@Eoeotfeml@e device in
accordance with claim 20, the

22. A photovoltaic device in accordance with any one of claims

12 to 21, in the form of an individual module.

23. A photovoltaic device in accordance with claim 22, in the
form of a mote arranged to provide information about an

environment.

24, A photovoltaic device in accordance with claim 23, the

device being enclosed in a resilient cover.

25. A photovoltaic device in accordance with claim 23 or claim

24, having an outer shape which is aerodynamic.

26. A photovoltaic device in accordance with claim 23, 24 or

25, further including means for orienting the device.
27. A photovoltaic device in accordance with claim 26, wherein

the orienting means includes a predetermined centre of gravity

of the device.
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sensor extending outwardly of the envelope. 2 . A
phot ovol tai ¢ device in accordance with any one of

w@bk@sos36l? to 21, in the formof an indivi dual PeDAULM®4/001513

23. A photovoltaic device in accordance with claim 22,

in the formof a note arranged to provide information

about an environnent . 24. A photovoltaic device in
accordance with claim 23, the device being enclosed in

a resilient cover. 25. A photovoltaic device in

accordance with claim23 or claim?24, having an outer

hap i ' 21 0 ] C... 26 0 aj Vi ce :
S e (i U R
27 ncvieli iy densrfientongencamy ideludewi ee prjechion projecting

ot ovol t ai ev] | n accordance with claim 26,

omﬂ%?%%ﬂ’fﬁ%%ggiéggﬁﬁg'neans i ncl udes a predeterm ned

centre of gravity of the device.-20 28. A photovoltaic

evi ce i.n cqr.danc A aj cl ai Vs
Z%herg?éﬂFﬁgggﬁfgﬁfiﬁﬁw%%§n§£1%§}§£ﬁéy§§ agg?%c %%#TS 26, 27 or
2pr ojtéet | oyl eoutiway dhgand tiheldeingean2®dhegilvet opotitiadc on an
Ode‘\e/éceurlpacaec%%rgggc ewéeh clainms 26, 27 or 28, the

8F|eﬁ?|ng means "I’ nc ud?ng an adhesive portion on an

outer surface of the device. 30. A photovoltaic device
ot o B G RoTRLe - BHoa BT RCAIRA e gy She of claims
1elect 1l cakhy cdwniect edeting t heusuddt pat @ 3tbsirate and being

eEhoto.\/oltai% devigedin Q%FOE% ggga@éth cl ai m 30,

CRet i g Ya CORBRRREF Y t 17 ough SPREERAVR1 ope to a

conductive | ayer

31. A photovoltaic device in accordance with claim 30,
including a channel through the envelope to a conductive layer

of the device and a conductor connecting the conductive layer to

the substrate.

32. A photovoltaic device in accordance with claim 31, wherein

the channel is lined with conductive material.

33. A photovoltaic device in accordance with claim 29, 30 or 31
wherein the substrate includes a grid of conductors and the

photovoltaic device is electrically connected to the grid.

34. A photovoltaic device in accordance with any one of claims
30 to 33, wherein the substrate includes a depression, and the

photovoltaic device is mounted within the depression.
35. A photovoltaic device in accordance with any one of claims

30 to 34, the substrate including reflective means to reflect

radiation incident on the substrate towards the device.
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of the device and a conductor connecting the

conductive layer to the substrate. 32. A photovoltaic
wa@leasnes68n accordance with claim 31, wherein tP€I/AU2004/001513

channel is lined with conductive material. 33. A

phot ovol tai ¢ device in accordance with claim?29, 30 or

31 wherein the substrate includes a grid of conductors

and the photovoltaic device is electrically connected

to the grid. 34. A photovoltaic device in accordance

with any one of clains 30-110 33, wherein the substrate
BépC|%9%%0@098E£$ﬁ§|é?biLQPQntQgcég?gﬁggﬂﬁfihcaﬁ VLEE 48 the

nounted wthin e depression. . A photovoltalc
prestdiend cladmer dunees i ttheappobaecbfaid s#ilemed io 34thin

t he subs LN ' reflective neans to refl ect
f%%&ﬁéC?@hoﬁkgﬁée%%&%%ﬂ?he substrate towards the

devi ce.-21 36. A photovoltaic device in accordance
B%Athzgn o%ggogﬁaRQQ#Rhﬁﬁﬁqhngcgé e WHEEEEQa&He36, wherein

photovoltaic elenent 1's a thin Ti n16%otovolta|c
tied et £1187 phAt photioaviod tediepedevisea ilvacededafedl B FC)

| aim 36, wherein the line film photovoltaic el enent
© %m%ﬁ%ye Sol ar Cell (DSC) elenment . 38. A photovoltaic

devj.ce in accordance with claim 37, wherein an

Lnternal el ectrode of the.DSC ri :
S boh P55 R ROt GO 14 4 o ST oo Saeey T hereie
at| Ahteha wWedeeknotiheo fentiecc ®SSt ot esent regmmigies ghrbon.

el ectrolyte to provide an electrolyte supply to an

el ectrolyte | ayer of the DSC device. 40. A
3phot avahotiogodewi cedéni @cdor dancedandd varph cdeinf 37 heherein

t ! te c?e\g#c?eﬁ es%'o%'egs a geéeefc’xlfc!ilre %tf gﬁgg{llfg.{ytbeelt%g ppr[)%l_ldg e;gn

electrolyte supply to an electrolyte layer of the DSC device.

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

préceding claims, a resilient material being provided within the

device to secure elements of the device and provide mechanical

rigidity.

41. A mote arranged to provide information about an
environment, the mote including a photovoitaic element and an
electronic apparatus confined by an envelope, the photovoltaic
element or the photovoltaic element being arranged to provide

electric power to the device.

42. A mote in accordance with claim 41, the photovoltaic

element including a plurality of layers.

43. A mote in accordance with claim 42, the photovoltaic

element being a Dye Solar Cell element.

44, A mote in accordance with claim 41, 42 or 43, being

arfanged to operate with a plurality of like motes.
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device to secure elenents of the device and provide
mechanical rigidity. 41. A note arranged to provide

wo0 pdosiosmmsl on about an environnent, the note i neCTAD2Z®4/801513

phot ovol tai c el enent and an el ectroni c apparat us
confined by an envel ope, the photovoltaic el enment or

t he photovoltaic el enent being arranged to provide

el ectric power to the device. 42. A note in accordance
with claim4l, the photovoltaic elenent including a
plurality of layers . 43.-® note in accordance wth
claim42, the photovoltaic el enment being a Dye Sol ar
Cell element . 44. A note in accordance with claim4l,
432 ork RROTHEPAGRAPr ARG tloCopeing e i turad islvupdl Pgtovoltaic

d0¥ 1 K& LS rdadle dpitifh W%%%%%faﬁﬁs{% tlo n%%“%é‘&nted

a plurality of photovoltai¢ devices in accordance w th
ocanyherreisftréltgi-ns 30 to 35, nounted on the substrate

46. A nethod of manufacturing a photovoltaic device

i ncluding the steps of form ng a photovoltaic el enent

46 r omZa rsitliedl Pfymeufagterg ngf adpheery g aivesieyabe including

thO §|é¥7fBQmEH?dH ﬂéﬁbd&i&%acagﬁe$éﬁﬂnfﬁ%ma% plurality of
envel ope with east a portion of the envel ope

laper hopfa Gdbeednpr ohemicald zompomet hoe @f armsuicadndr foge, and
£8-RN0Y Oa‘ﬁo'e%%'e‘ioggw%h ' iLC'J]lé%'sfegat BE-f P %es[:;ﬁ%lope

roviding an envel ope, east a portion of
hanied cpevraecngraftbeved profile, and Forn1ng a
photovoltaic elenment froma plurality of

47 . A method of manufacturing a photovoltalc device including

the following steps:

* Providing an envelope, at least a portion of the
envelope having a curved profile, and

* Forming a photovoltaic element from a plurality of
layers of differing chemical composition; the layers
being formed on at léast part of the surface of the

envelope

48. A method of manufacturing a photoveoltaic device in
accordance with claim 47, further including steps of placing
inside the envelope at least the following components:
| a transmitter,

a sensor,

an energy storage device;
Electrically connecting these components and forming an antenna
on or adjacent to the surface of the envelope, the antenna being

electrically connected with the transmitter.

49. A method of manufacturing a photovoltaic device in
accordance with claim 48, further including enclosing the

envelope into resilient transparent cover.
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| ayers of differing chem cal conposition; the |ayers

being fornmed on at |east part of the surface of the
wenosioedse2 48. A nmet hod of manufacturing a phot PUDAU108/001513

device in accordance with claim47, further including

steps of placing inside the envel ope at |east the

foll ow ng conponents: a transmtter, a sensor, an

energy storage device; Electrically connecting these

conmponents and form ng an antenna on or adjacent to

the surface of the envel ope, the antenna being

electrically connected with the transmtter. 49. A

nmet hod of manufacturing a photovoltaic device in
saccordanceow ttnial alemid8, sthwitdnariaildel adi hgreir|dssiargbed

the envelope intg resilient t . cover.- 23 50.
W%&hpﬁ82868P$%i%od§¥?@60538%?%ﬁ%$aiIshgg Rer ei n

described with reference to the acconpanyi ng draw ngs

. 51. A pote, .substantiall S re; . [ Wit
Shof ePeliZhot ot Ve SCBmbang? e s dns g oe: ittn Bdtbrence
tphoteovwekbapenati@yirssubgtant i al |y as herei n descri bed

with reference to the acconpanyi ng draw ngs .
52. A photovoltaic array, substantially as herein described

with reference to the accompanying drawings.
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