MULTI LAYERED PHOTOVOLTAI C DEVI CE ON ENVELOPE SURFACE TECHNI CAL FI ELD 5
This invention relates to the thin filmphotovoltaic devices and sensors,
material s and net hods used for electrical connections for such devices, in
particular, to materials and nethods 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-particulate PEC devices | are disclosed in the
foll owi ng patents and applications: 15 0s4927721, Phot oel ectrochemi cal.

canut act ur e of MRGTACAYEREPLEHOTCNGL PaIG BEYIGE DREERVERDRE SURPACE (et hoa.

Andreas Kay, M chael G aetzel 20 and Brian O Regan, 1996. US6297900,

El ectrophot ochrom ¢ smart wi ndow, Gavin Tulloch and [gor Skryabin, 2001
25 PCT/ AU01/ 01354, UV sensors and arrays and nethods to manufacture

t hereof, @GagugeCRhaRIEBMd | gor Skryabin Further the invention relates to
application of such devices for powering snmall wreless sensors, also
known as notes or smart 30 dust. .2 BACKGROUND TO THE | NVENTI ON PEC

cel | s, sas tofist haveypeodi sel oised i ke tabiovEipat ehbsobel onge dovidees Erghder

cl ass i i I, i i ) .
Of thII’IrS]O.E’.‘!?S!. mma letrlllagge%n%h%e%%%ldtsalucseﬁjp\gor 5@ c—:ec\:/%:giecsal connectlons

for such devices, in particular, to materials and methods used

for fabrication of such devices,

10 More particularly this invention relates to the nano-particulate
photo—-electrochemical {PEC) devices including SEensocns and
photovoltaic cells. Examples of the nano-particulate PEC devices

H

are disclosed in the following patents and applications:

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

UsS5525440, Method of manufacture of photo-electrochemical cell
and a cell made by this method; Andreas Kay, Michael Graetzel

20 and Brian O’ Regan, 1996.

Usé297900, Electrophotochromic smart window; Gavin Tullech and

Igor Skryabin, 2001.

25 PCOT/AUDL/01354, UV sensors and arrays and methods to manufacture

thereof, George Phani and Igoxr Skryabin

Further the invention relates to application of such devices for

powering small wireless sensors, also known as motes or smart

30 dust.,



These devices are fabricated in a planar |am nate arrangenent either
between two | arge area substrates or on a single substrate. One typical
arrangenent involves two glass substrates, each utilising an electrically
conducting coating 10 upon the internal surface of each substrate. Another
typical arrangenment involves the first substrate being glass or polyneric
and utilising an electrically conducting coating upon the internal surface
of the substrate, with the second substrate being polyneric. In sone
arrangenents, the internal surface of 15 said second polyneric substrate is
coated with an electrically conduct[gg coating, whereas in other
arrangenents, said second polyneric Substrate conprises a polyneric foi

| ami nat e, BAGKGHOSNRg T 4 ically conductive material, such as

carbon. Also, in sone arrangenents, the external surface may be 20 a
| am nated nmetal film and in other arrangenents, the external surface may
be coat ed BEC acaislsal .asAtof sdwt toree ofissdicdefli £t thrd abeBBoRALSUbBEt PEL@RYI s

substant i ailféytltléa&%g%%f't %SE%A” Skbl:hi ght, nASehSalbe Bhbashed:dsangpay ent

el ectricalTy conducting ( coating. 25 PEC cells contain a photoanode,
typi caldy donprassi ng a dye- sensitised, nanoporous sem conducting oxide

(eg. titanjum,_ dggﬁ%%eogrgi rf%i[rgc)atgay% al t gehed: 1 9,8 €ONAdUEEhYBrent

coating, 4@nd a Ca , typically conprising a redox el ectrocatal yst 30
| ayer attachdtent o Heteeenhekwoondactt veaesat | P brageadueti ven nit eFLafle An

el ectrol yte cantaini ng,a redpy, nedj atar. i5,Lacat ed ; hejmgan theophoteagede
and cat hode’ %ﬁe electro?yte S seale%’ frém the environment . .

substrates, each utilising an electrically conducting coating

10  upon the internal surface of each substrate. Another typical
arrangement involves the first substrate being glass or
poiymeric and utilising an electrically conducting coating upon
rhe 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 in‘other arrangements, sald second
polymeric substrate comprises a polymeric foil laminate,
utilising adjacent electrically conductive material, such as
carbon. Alsc, in some arrangements, the external surface may be

20 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 vigible light,
as is the attached transpareﬁt eléctrically conducting (TEC)
coating. :

25 -
PEC cells contain a photoanode, typically comprising a dye-
sensitised, Nanoporous semiconducting oxide {eg. titanium
dioxide or titania ) layer attached to one conductive coating,
ana 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 cathcde; the electrolyte is sealed

from the environment.



-3 TEC coatings, which usually conprise a netal oxide(s), have high
resistivity when conpared with normal netal conductors, resulting in high
resistive losses for |large area PEC cells operating under high
illumnation. 5 One exanple of the manufacture of a PEC nodul e invol ves the
use of two glass substrates that have TEC-coatings that have been divided
into electrically isolated regions. Titaniumdioxide (or simlar

sem conductor) is screen printed onto selected areas of 10 the TEC coati ng
of one substrate and a catalyst is screen printed onto selected areas of
the TEC coating of the other substrate. The titaniumdioxide is coated
with a thin layer of a dye by imersion of the titani a-coated substrate in
the dye soFttFeatitisi pilgth seatedadt sadPThtRreorpicel owitds (sl dpEelbigh

deposi ted wpensoneif thR-aubsid@leeqand;the tz\o@rﬁylbst&atﬁ A LndieBrs,
bonded together. Electrolyte is added to the cells via access apertures in

one of therSEbkEing ednanel ¥theseshpbitar 85585 e Atenlasat edrep0 Mot Ieh s
exanpl e of 4 Q@b@ﬁ$§ﬂ§gk%r%l oh a1 PEe smdye involves the use of one

substrate mnth a TEC-coating that has been divided into electrically
i sol atedl regions. Successive layers of titania, insulating ceramc oxide,

and conduchifgesah @yt £ +iRRLL A LhQE @¥anPlhc GRIRAR- hased)ar ey uge
deposi ted, for exanpl e 25 by screen printing, onto selected areas o?

TEC- coat ed°® st Fdfés viwF tedecattdiajt ifeveayBiC-at sy iswevi Hiptashare been
i nter Connegi‘irlciré@ fﬂﬁcﬁ@l@dt@f&%@&?dl%i&@d tltgg[ldrﬁsyerTlctfantlk}ﬁ @X%xg_mé (or

imersion of the nmultiple-coated Substrate in
similar semiconductor) 1s sc¢reen printed onto selected areas of

10 the TEC coating of one substrate 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 titanlia-coated substrate in the dye
solution. Strips of sealant Iand 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 aperture§ in one of the substrates and these apertures

are then sealed.

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 =creen printing, onto selected areas of the TEC-coated
substrate, with the catalytic layer also serving as an
inferconnect. The titania 1is coated with a thin layer of the dye
by- immersion of the multiple-ccated substrate in the dye
solution. Elechtrolyte 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

subsitrate,



solution. Electrolyte is added to the spaces within the porous 30
titania-insulator-catalytic |ayers. The seal ant face of a seal ant/pol yner
and/or metal foil lamnate is sealed to the substrate. 4 One advantage of
PEC devi ces described above is in better than of conventional sold state
devi ce angul ar performance. It has been denonstrated that these devices
performwell even under diffuse Iight conditions or when solar angle of
incidence 5 differs fromnormal. This advantage is attributed to nano-
particultate structure of photo-active |layers, that provides high area of
photoactive, surface. Each nano-partigle, coated wth thin layer of dye

absorbs |ight |nC|dent fromall directions, thus inproving angular
per f or manc®¥ oP TR RIRAS 28I PEC devisgoritimtidiaf abnsse bxlvhnt Agese bf tPEC

are not fubtycehi-bhzeshin sbhe phapar d%k}@%%r alRf:1 AN AU &S FAceDetMeep, a
pl anar substrate and air reflects significant part of' sol ar energy,

especi al | yP&i"  APHRARaRERERC of hphcitdesee. d%h’tqersef peefeve weali mysrcounder

over come le'ﬁlﬁfrus% pnabhem ephyipadtd alldy; whbgi rs@mfr%{g%“ 3 p&HQE&éﬁ@é
|cal wavel engt h dependent, thus optim zed for only smal part of

are ty
sol ar s"gecqlr eIEyr ffﬁ@?“ REdlai d TPEE deiNaESI%es peci alb i lofcadar g@ sli@éo“

require %Qﬂhhgﬂhia@@nd§€£u&ﬁu§ﬂdo@ptﬁﬁéﬂd%édfr%%SpﬂéfgésCO%Ea@g EhechLd cal
resi stance of transparent electrical conductors is often a }tjl ng factor

for perforttétce®8fa d&ifi cBECE 4 gerve haRr b2a®nmEach] spangtraE iditfefi cedated
i pl ement plianarcHibil 0 fdJdp PYrdeviees s23cL85 POWGHE NO: AL DAL e Wi f el e85
sensors (notes). It is
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
and air reflects significant part of soclar energy, especially at
high angles of incidence. Antireflective coatings could overcome
I5 this problem only partially; their antireflective properties are

typically wavelength dependent, thus optimized for only small

partt of soclar spectra.

Further, the said PEC devices, especially of large size require
20 highly conductive and optically transparent coating. 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
25 for powering miniature wireless sensors (motes) . It 1is
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
30 and warehouse contrel, structural integrity assessment for
buildings and Dbridges, building automation, metering, home

networking, industrial automatién and agricultural monitoring.

A mote comprises the following elements:



recogni zed that notes will provide universal connectivity between physical
environnent and internet. Although originally developed for defense,
intelligence and security the notes are expected to be utilized in various
fields including: inventory 30 and warehouse control, structural integrity
assessnment for buildings and bridges, building automation, netering, hone
networ ki ng, industrial automation and agricultural nonitoring. A note
conprises the following elenents: .5 1. sensor 2. data processor 3.
transmtter 4. Receiver and 5 5. Power source: energy storage + PV el enent
Wil e technol ogies for elenents 1) to.4) present practically wunrestricted
capacity for mniaturization and i ndependent wireless operations, a

sust ai nabl e éndwﬂenemable independent 10 power source is a key to market
accept ance anciggggﬁ% notes. Motes currently avail abl e are around
3 cmby 5 cm an |atur|zat|on is linked to the availability of

m cr opower BSigenemaﬁﬂem in situ. Further, existing notes are of awkward
shapes, not delj ahl e_in a typical defense theatre. There are exanpl es of
m cr opower sourceslbase on el ectrochem cal energy storage "(batteries)
and on & phoﬁbVRﬂwem cou2@eel enenyy fgrowast imByuslenaryi ng of the battery.
Energy requirenent is the main limtation in designs of small notes. In

addition, the notes and their photovoltaic elenments are
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 1s a key to market acceptance and success of the

metes.

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

shapes, not deliverable 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

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
25 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 indeoor light

conditions.



currently realized in substantially flat structures. This 25 affects
aerodynam c properties of these devices, their visibility and limts

avai |l abl e. power. The planar PV devices of the small size are not capable
of capturing sufficient anount of [|ight, especially under hazy, snoky,

cl oudy or indoor light conditions. -6 OBJECTIVES OF THE INVENTION 5 It is
therefore an object of the present invention to provide a thin filmPV
device, nore particularly a PEC device with inproved perfornance,
especially under diffuse light conditions, that are typical for operations
of notes. It is further object of thgépresent invention to provide a 10
phot ovol tai ¢ device suitable for powering notes and integratable wth a
note within one rigid nodule. SUMVARY OF THE | NVENTION 15 In broad terns
the invention provides for utilization of curved surfaces for formation of
| ayers of thin filmphotovoltaic elenents, in particular- of PEC el enents.
The term "curved' is used in this specification to describe 20

subst ant i gJd y=AARER! BRAkuS Urke@esStonTYPi cal Iy the surface is curved prior
to the fOPﬂHFFUH"UE“FHE“HHUFUVUTTHTC el ement. The typical curved surface
used ir§ thits invEmiecfivres schatdercsr icfedhebprerent adPiisn o heC cBF YAt U7 2
bei ng bel qut SOMP, 1Rut pBr SAS AN Y rioreCS8aLpan, 10y The scmeasiens ofithe
curved elenent are less 25 than 30-50nm but preferably - |ess than

5- 10mm Thenmuredd otV fekranpae, attpasldl0y berdesr dptiari Ad9bE FPERLTHPBMm

al | directijons and.provides, el diaabprintoelLi ci ency
It is further object of the present inventicn to provide a
10 photovoltaic device suitable for powering motes and integratable

with a mote within cne rigid module.

SUMMARY OF THE TINVENTION

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

elements, in particular— cof PEC elements.

The term ‘curved’ 1is used in this specification to describe
20 substantially non-planar surfaces. Typically the surface is
curved prior to the formation ¢f 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  bettex footprint efficiency
(efficiency calculated with respect to the footprint {or cross-

30 secticnal) area of the element).

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

envelope. The envelope ensures mechanical integrity of the



(efficiency calculated with respect to the footprint (or cross- 30
sectional) area of the elenent). It is essential that the curved surface is
provi ded by an envel ope. The envel ope ensures nechanical integrity of the
-7 photovoltaic device and provides for encapsul ation of the photovoltaic
el ement. The photovoltaic el ement conprises several layers. In one 5
enbodi nent, the photovoltaic elenent conprises |ayers of titanium dioxide,
rut heni um based dye, electrolyte with iodide based nediator and carbon or
pl ati num based counterel ectrode. The |l ayers of the photovoltaic el enent
could be fornmed either 10 within the envelope or on the envel ope. Wen the

| ayers are formed within the envelope'the envel ope nust be nade of
optical |y Phahspatientc mdeics . aTe PHPEREEdN LY overferfom@tdor | 2dt i dieof

transpar ent,;, Bl 8541 iRtad@L$ .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 | transpanent .consyoting. oxiidgs ki ndbigy1 s, 0xXidRes il ugK g doped

I
oxi de, etc.) or of a nesh made of conducting fiber, for 20 exanp

metal | i € nesho¢Etsiitnl esShat eghotevedimim elgigptten, compekets elevyrswhed

the |ayers:are, {,qf ned-o0ad he-govel ope EQ@e@nMgé,Op%lieétQQIyt@eQ§§ﬁariiold¥Lde
transparent. In this case, non-transparent 25 conducting coating may be

utilised fbrsedInatidier ghderasbeical rladrirert a¥rd FaveirioePrrodedes for
wi de range of shapes of the envel ope.

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 inventiocn
provides for utilization of transparent plastic materials as
15 well as of glass. Conductive coating of a transparent conductor
is attached to the envelcpe to ensure effective collection of
electrical current., The invention provides for utilization of
transparent conducting oxides (indium tin oxide, fluocrine doped
tin oxide, etc.) or of a mesh made of conducting fiber, for
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,.

300 In one embodiment the envelope forms a 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.



30 I n one enbodi nrent the envel ope forns a done containing the photovoltaic
element. It is preferable that the donme is substantially a hem sphere.
Typically the donme is mounted on a substrate form ng a base of the done.
-8 To ensure environnental protection the envel ope encapsul ates the

phot ovol tai c device. In 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 conveni ent shape. It is beneficial,
however, if the envel ope is an aerodynam c shape. |In another enbodi nent the
envelope is in the formof pol yhedron 10 The thin filmPV elenent is

formed on a side of the pol yhedron. %he i nvention provides for further
encapsul at Torenfutcheengolophedtoh puekeasian e anvaliograpacepeatetedytite
encapsulazépogé§5¥yé dynagi g. 15 From one aspect of invention a photovoltaic
devi ce conprises spherical electrically conductive core, on which | ayers
of the PV element are sequentially deposited. The top, electrically

conduct i vep | ayer %ﬁg%&ﬁ%&t apy .0 en%@%gget nansparent.zel ectd i £al L¥derstooa

f
conductive materi i'ncluding, but not limted to 20 transparent
conductd ngtioxi deshe ~epoadsetdnignpol gyreekore nestedmdecsf &enduwet | AEIREBES .

A transparent, 'E§§£f3%ﬁ?éﬁgﬁsﬁmﬁﬁv%kﬁﬁﬁ 5 F%&P %BBGEQi '@u@gagéhezt is
photovolta?c el enent . ¢ invention provides for a channel to be made in
the envel dpmeficial, however, if the envelope i1s an aerodynamic shape.

In another embodiment the envelope is in the form of polyhedron.
10 The thin film PV element is formed on a side of the polyhedron.
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 photovoltalc element.

25
The invention provides for a channel to be made in the envelope
ro enable external electrical connection(s) to the device. In
one embodiment the conducting coating is extended toc line all or
part of the internal surfaces.of said channel to provide the
30 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}.



to 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 30 external electrical
connection(s) In another enbodi ment the channel is filled with an

el ectrically conductive material or non-conducting material (e.g. ceramc
gl aze), formng a bond wth said conducting coating and sealing said
hole(s). -9 At. least one |layer of the photovoltaic el enment conprises

sem conductor. For wi de band gap sem conducting materials invention
provides for photosensitization by dye, to absorb electromagnetic energy
of light. It is preferable to utilise 5 nano-dis ersed sem conduct or s,

thereby si §hi f F€8AEI yOThicr e g © ph&@@ao?@@EOEP AHF RS e O 56 e

enbodi ment sbayessa@icdne RBbel eppy afsnd or%@@l Oflemi d¥Rnal: neur frce rok1a
transparent spherical shape. The shape 10 ng nade of %Iass (Po%%ner or
any ot her opveealey tHRNdpsPentor nﬁhé’Fioéﬁnsjrﬁl%\%%“t%r S¥mbodF ment orb

| ayers of BEE-devhi&share f@zﬁé@ﬂ/ oBr thejpspheti cals ebastdigald YtQOth(iliC_LELls‘ée
core, the last layer being 15 optically transparent. The said core
sel ect et f PBRPABEA I TFEMWOISS CtErEY &rherﬁ]?yne’ilaﬂ“ﬁféC(aé‘érlﬁorﬁnc&?ﬁ&&@ﬁfl ve

pol ynmers, pgb€edcORduGllr 65 The tnveddd on provides for the photovol taic
device be 20 connected to a substrate by standard connecti ng neans

utilised in. PCB technol ogy. For the purpose of connection (both

el ectri cal randsyechamiceahint herdypmant icgn provimes efiehene! egt&i caldnks on
conductive pin, enbedded into the envel ope. In case

internal surface of a transparent spherical shape. The shape

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

material.

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

25 heole in PCB for the back side connection.

The invention provides for using mirror-like plate oxr 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 interxconnect then
using grid of conductors. The invention also provides for a

fleéxible supportive plate, when flexibility is required.



of double sided PCB the invention provides for utilization of a 25 hole in
PCB for the back side connection. The invention provides for using
mrror-like plate or for deposition of highly reflective |layer on top of
the substrate. 30 It could be beneficial to place nore than one
photovol tai c- devices on the same substrate and electrically interconnect
them wusing grid of conductors. The invention also provides for a flexible
supportive plate, when flexibility is required. -10 The invention further
provi des for-using an internal space of a spherical device as an
additional reservoir for electrolyte ?pd dryi ng agents. Additional
electrolyte will extend useful life o the device. 5 The invention

provi des f®ket havelieintBgihes wotwidgshéorokrddy &t ARheanelr seacseaf ed

envel ope. Ihe.envel opgiis commuol a{d@ttl%rarih%s%%owp%rho%t@&o1yte mayabe
10 advant ageous to inplement other shapes, selected based on their

aer odynami @rptoperIqras a@&ﬁéﬁlvp§ﬂbﬁﬂ?@%ﬁoyxﬁﬁnwﬁhk;Qﬁ?e@ﬁeua§§éétléﬁetﬁé
invention,,.g. thip fd I m photovoltaic device is utilizing a surface of the
envel ope s%ap 15 as a substrate. .In one enbodi nent, at |east part of the
envel ope is optically transparent and the said photovoltaic device is

formed on it ernal. Sy TAGR Qfed & LNYEl PR 2Q 5| b ANDLASE . epbodE MRt nekhe
sai d photovo talc device Is forned on external surface of the envel ope.
within a curved sealed envelope.

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

aerodynamic properties and/or visibility.

According to one aspect of the invention, a thin film
photoveoltalc 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 1is formed on
internal surface of the envelope.

20

In another embodiment, the said photoveoltaic device is formed on

external surface of 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 other 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.



In further enbodi nent according to this aspect of the invention, 25 sone

| ayers of the said thin filmphotovoltaic device are fornmed on interna
surface of the said envel ope, whereas other |layers are formed on external
surface 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, but provides for other substantially curved and not necessary
regul ar shapes and/or sections or partitions of the sphere. -11 The

i nvention provides for envel opes to be nade of glass, plastic, netals or
any other suitable materials. Although, the invention descri bes a
photovoltahc element of thin 5 filmty it is beneficial to utilize sone

specific thirn AR EEEhNBF 3Gt &S s a nﬁ?b%l?ﬁ% By (]E?’V)macﬂi/e ool H2E8I | s

(DSC), Siplédde: omdtGIsselkatngedbitiser Ihithe1knuenti o provides for a hole
to be nmade in the envelope to enable external electrical connection(s) to
the device. In one exanple these connections are made to antenna required

for transmissd, r%ﬁptlln%n@ﬁohnﬂééﬂﬁib@@ a Y dtbanether ceahedinent thhe
said anten is formed on interpal or external surface of the envel gpe by

i sol ati'ng TeyglondPdf thel®s FﬂegT%ﬁ?¥|EﬁlP?l%bﬁ%uﬁ?W%esﬁ%f%ﬁ%%Jch?of im
appropri atesiregiessielsn 3eih @eﬂobhgénﬁﬁbgﬂl nesptry t hevanteina | seB1 W 1(8sc),
extended to 20 outside of envel ope or attached to the external surface
of the envel dpE-c Récofdi ig frer aspect of the invention the note is
formed inside a spherical glass envel ope (glass globe). Internal 25
surface of the globe is conpletely or partially coated by the

10 The invention provides for a hole t¢ be made in the envelope to

enable external! electrical connection(s) to the device. In one

example these connections are made to antenna required for

transmission/reception of information.

15 In anocther embodiment the said antenna is formed on internal or
external surface of the envelope by isclating regions of the

sald electrically conductive material inte appropriate shapes.

In yet, another embodiment the antenna is a wire extended to
20 ocutside of the envelope or attached to the external surface of

the envelope,.

According to ancther aspect of the invention the mote is formed
inside a spherical glass envelope (glass globe). Internal
25 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.

30 Additicnally an energy storage device is formed dinside the
envelope. The energy storage device is either a high capacity
capacitor o¢r an electrochemical battery or a combination

thereof.



transparent el ectronic conductor. Some regions of the transparent

el ectronic conductor forma substrate for a thin filmphotovoltaic device.
30 Additionally an energy storage device is forned inside the envel ope.
The energy storage device is either a high capacity capacitor or an

el ectrochem cal battery or a conmbination thereof. -12 The invention
provides for a thin energy storage device. The thin filmenergy storage
device is conmonly formed proximate to the thin filmphotovoltaic el enent.
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
sai d energy storage device and said photovoltaic elenent are electrically
connect ed.Thet imvédumd tproeldrmefPei & tholpl aeeray aFBHRIEn 9 EFectriTal

circuit bqﬁﬂgpqﬁhpp_g@grgyS§59539edg§y5geisaegm&£ﬁa§ﬁgﬁﬁmgﬂtﬁﬂdkﬁﬂéﬂaﬂuo
The invention provides £8r “thin 10 fil mdi ode forned between the
phot ovol t dibe elldmentilandhoievodhetgyesenedige HoVFERE FH SHme VIES 1t H'®

layers of the %ﬁiﬁ té}ief}g filap diode cower ;subshartl &l tneholépara Ofpdhte
photovol tai¢c ~ el enent. 8 The i nvention al so provi des for conventional
i ni at 4r e cghemgy rostopagextaviade ssedared Phstire Y& leRFel ope. In addition,

the data Wh%c%%lgidn%ngggydg:Q‘r‘{tc?&e%x;i@y L ANSH$S 8Bt o 6b EFBNE Se Béke e Ak ed
i nside the envel ope and electrically 20 connected to the energy storage
devi ce. Pasietdtoricef.lyheosrasordi Nty ekpeteund thremIdpeiddpdiPisire @

FGQUiFEHEQh%d%fi%e%%cgﬁgcgppééfaéigghit between the energy storage device

and the photovoltaic element. The invention provides for thin
10 £3lm diode formed between the photovoltaic element and the
energy storage device. In some cases the layers of the gaid thin

film diode cover substantially whole are of the photovoltaic

element.

15 The invention also provides for conventiocnal 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.

Poéition of the sensor in respect to the envelope depends on

requirements of selected application.

25 For light sensing, the photovoltaic cell itself provides an
electrical signal modulated in accordance with light intensity.
For some applications (such as chemical and Dbiological
monitoring) the sensor is extended outwardly of the envelope.

30
To protect from mechanical impact the envelope is additionally

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



25 For light sensing, the photovoltaic cell itself provides an electrical
signal nodul ated in accordance with light intensity. For sonme applications
(such as chem cal and biological nonitoring) the sensor is extended
outwardly of the envel ope. 30 To protect from nechanical inpact the
envelope is additionally enclosed in a resilient cover (e.g.

pol yurethane). 13 To secure all the elenents inside the envel ope and
provide nechanical rigidity a resilient material (plastic) being provided
wi thin the envelope. 5 For attaching to the various surfaces a |ayer of
adhesive is created on the envel ope. _The PV devices of this type can be
precisely delivered to a target posipion by accelerating a device in a
predet er mined set@rdi rect i abei nebusntas waystBat tafe eenfeyPpg Gt appovide

di stance the device will be.in ggntgggiygéﬂighﬁaﬁggggﬁ obj,ect and aggg§§ve

wi Il provit&E4BH $he dVi ¢ Yo remain T h positTon fof a require

| engt h of pidweldebherisaiid abeedevsldren may be given to a note froma ground
point or fromthe flying object (e.g. 15 aircraft, helicopter).

Al ternatively the PV device can be just dropped froma flying object. In
this case hei ghttandispeed dahhet hearfilopsngswbjasts ar e tavakerrf mdhapicBuntst o

determ ne when to dr t he tein order 20 for it to |lend on
q?ﬁffﬁb%%

pr edet er ni Tt eTﬁgv%r%%%ternined surface may bel ong to the noving

ground object (e.g. car) or to a flying object. 25 In one enbodi ment the

accel erat I'Ic')hne O{>Va cfa\x/rig:ee\él Coef : %h:?‘scmt%\légd ddh pe precisely delivered to a

target position by accelerating a device 1in 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 & ground point or from the flying object (e.g.

15 alrcraft, helicopter}.

Alternatively the PV device can be Jjust dropped from a flying
object. In this case height and speed of the fiying obiject 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 flyving PV device

30 intersects surface of a target object.

From another aspect of the invention a photovoltaic device

includes means for orienting the device.



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 nagnitude of speed are selected in such way that projectile
of the flying PV device 30 intersects surface of a target object. From
anot her aspect of the invention a photovoltaic device includes neans for
orienting the device. -14 1|In one enbodinent, centre of gravity of a device
is shifted in such a way that under action of gravity force the device is
oriented in a predefined direction. This orientation ensures the |owest
position of centre of gravity. 5 The self-oriented device ensures specific
direction of the antenna (typically - upwards). In another enbodinent in
accor dancelmi ¢ie t slsodispedt, ofenttiie o0 duaveéiivi &, aa FRitiESadd tHohHdy 10

| ncl udes SUpROTLI NG TBANS. £ 0uaENSUEE; LHAL et N Spher | alcbodNel sichasid i oned
at a distance from “the supporting surface. The supporting neans can
i ncl ude a gwickrgreLand: & spedrgindsd %&tﬁ@#ﬂQHu;ﬂﬁﬂﬁm@ﬁdﬁvtéFl?ﬁeeﬁ%W¥%%.t@%

one exanplg, the t L pg.Jmans Jenglude g foot. The foot may be coated
W th adhégﬁﬁgttgo§§§§?é ??r%1attaghnént toche supporting surface.

Accordisng to another aspect of the invention a device is 20 oriented by
aer odynari.g forces that [ L experiences anet! vifge: £ass aikacenenenbediarat
this is ac f%véﬁﬁgyogf%géé?ng Sral | mfngs or é?%a]e to the body of the
devi ce. | mramotker(tgpthodlhent uravdyg@dy -i s shaped in such a way, that
w ng-li ke geonetry is
Tn 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 can include a rod or/and a spring
15 projecting outwardly of the device. In one example, the
suﬁporting 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 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 anothexr embodiment

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

created.

25
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 suxface, ensuring attaching the mote in a
specific orientation.

30

The invention also provides for self-propelliing 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



created. 25 The invention provides for a rod to be nmade needle |ike
(sharp), thus, when the rod hits the supporting surface, the needle
penetrates into the surface, ensuring attaching the note in a specific
orientation. 30 The invention also provides for self-propelling nmeans for
delivery of -a note to a target surface. In one enbodi nent s
self-propelling is driven by chem cal energy stored either inside a note
or in the attached small container. Part of the 15 chemi cal energy

remai ned after the self-propelling could be used to power the note
operations for a certain tine. A supporting surface that note is attached
to described in this 5 specification could be horizontal, vertijical or

obl i que. BREEECBESEREPTY ONCH DRAWNGS Haei g BrBaarst botd repred l%r’?e Ystr e
Of the presenb.LNVaRTLIL dis gRat 501 her &0fc i ljpew be descri bed by way
of 10 exaine and 1Tlustration only. In the foll ow ng description,
reference will be nade to the acconpanying drawings in which: Figure 1 is
an enl arged .secti f i r V: deyi wd OrdEdid 4t r3eer dancerwd t h
first exa%pﬁgp ﬁfg e eﬁ?FgPL£1%§%§b%g%%;%€)¥%§§?he_inventlon. Figure 2 is,
an enl ar gegesecticehioh aowid thid apsiednPsl devaide: calorre@Pln94%cor dance with
second exanple of the invention. Figure 3 is an enlarged section of a

multilayered PV device fornmed in accordance with third exanple of the
i nvent i on BRIEF DESCRIPTION OF DRAWINGS

Having broadly portrayed the nature of the present

invention, embodiments thereof will now be described by way of
10 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 accoxdance with first example (preferential

15 embodiment) of the invention.

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

Figure 3 is an enlarged secticn of a multilayered PV device
foémed in accordance with third example of the invention.

20

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
25 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
30 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.



20 DETAI LED DESCRI PTI ON OF DRAW NGS Referring to Fig.1 a PV elenent is
build inside a spherical envelope 10, on internal surface of which a thin
film 25 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 conprises remaini ng subsystens
of the note is inserted into the sphere through an opening 16 and

el ectrically connected to the 30 energy storage elenent and to antenna
using wires 17. The remaining space inside the sphere is filled with a
filler 18 (good heat conductor) and_&he opening is bl ocked by a stopper
19. -16 Referring to Fig. 2 a spherical envelope 20 is coated by a
rubbery meRefdmiingl, texfaonal 2 sar fede2zadf ahveiris ABdds adhesideyana

ant enna_23-i;5,4xf eqded fLominsi decLhe-enval.opeandy seeungddan the hubbery
| ayer. 5 Referri'ng to Fig.3 a spherical PV device is forned on an internal
surface ofadidwolvMeow?yl assesphere 36, et dded 2@ rhdmsiisie fhdecniclnee spher e

serves botgggéyédky%o%h%igggbgi¥rﬂg§é¥qpltaic 10 and energy storage | ayers
g

and for connecting the device to “spring | oaded connectors 26. Subsequent
| ayers sof a transparent conductor 27, dye sensitised Ti02 28 and of a
porous ceramic insulating material 29 (e.g. Zr02) are deposited on the
internal surface of the sphere. The transparent conductor |ayer is 15
extended to coRerfewalihg dfc tHes ffola apdeal pakt PBf dgriext éendiormed on an

internal surface of a hollow glass sphere 36. A hole 24 that is
made in the sphefe serves both for depositions of photovoltaic
10 and energy storage layers and for connecting the device to
spfing loaded connectors 26, Subsequent layers of a transparent
coﬁductor 27, dye sensitised TiO; 28 and of a porous ceramic
insulating material 29 ({(e.g. Zr0Q;) are deposited on the internal
suiface of the sphere. The transparent conductor Jlayer 1is
15 exfended to cover walls of the:hole and a part of an external
surface of the sphere. An electrolyte 1is 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 ?V element. A conductive
20 pin 31 is secured in the c¢arbon 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
3% made in the support provideé for connection of the conductive
30 pin 31 to the spring loaded connectors 25 placed on the bottom

side of the support.



surface of the sphere. An electrolyte is added to the porous insulating
material. After deposition of the |layers a space inside the sphere is
filled with a carbon based material 30 that serves as a counter el ectrode
for the PV elenment. A conductive 20 pin 31 is secured in the carbon based
material. Sealing 32 ensures that humdity and oxygen from environnment
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 | oaded connectors 25 and 25 26 ensure good

el ectrical connections between the deyice and external electrical
termnals | ocated on both sides of the support. To enhance efficiency of
the devi ceCed¥%ror 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 %h§m§ﬁﬁﬁ8}Y§lgl?egﬁfﬁjNSP%%PgAngtho@%P%gV%f%%ﬁ?c ?ement

i ncl udi ng anphet oVl baipe wekement ofi Ncduding andl ehaldrtwelebel ayer sicand an
envel ope, at |least a 5 portion of the envel%pe having a curved profile. 2.
A photo@olP%f%lﬂ%v?%mFWQ1e&E@EPB%n%%yﬁﬁqr?(ﬂ%ﬁ ﬁﬁl?rﬁﬁég%ln | ayers of the
phot ovol taic el enent are of differing chemcal conposition. 10 3. A

phot ovol taj c. device in accordance with claim1 or cl aj .Wherein one or
more |ayeré: of thePPHRG/GEEE Ce8tERent® &°6°T BPﬁﬁdwﬁ%gLFﬁéfﬂe?énV§F55é?

layers of the photovoltaic element are of differing chemical

composition.

10
3. A photovoltaic device in accordance with claim 1 or claim
2, wherein one or more layers of the photovoltalc element are
formed within the envelope.

15 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

20 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.

25 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,

30 wherein the envelope substantially encapsulates the device.

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

the envelope is in the form of a sphere.



15 4. A photovoltaic device in accordance with claim1l, claim2 or claim
3, wherein one or nore |ayers of the photovoltaic elenent are fornmed on
t he envel ope. 5. A photovoltaic device in accordance with claim1l1, 2, 3 or
20 4, wherein the envel ope forns a done containing the device. 6. A
phot ovol tai c device in accordance with claim5, wherein the done is
substantially a hem sphere. 25 7. A photovoltaic device in accordance with
claim5 or claim 6, wherein the donme is nounted on a substrate form ng a
base of the donme. 8. A photovoltaic device in accordance with claim1l1, 2
or 3, 30 wherein the envel ope substaﬂgti ally encapsul ates the device. 9. A
phot ovol taic device in accordance with claim@8, wherein the envelope is in
the form of0a spherletovb8tai0. dAvphot broktaptdaess celih atzbk dancElGFeh?
claim 8, erein .t 2NV ¢ .5, ol yhedron. 11. A
phot ovol t\gi]%e aeenv‘fecléﬂi%n?gcg%r aenc%fvr\rnptoﬁlfhgl %??nmi%érﬁnhgr ein 5 the
photovoltaic elenent is formed on a face of the polyhedron. 12. A
photovol taj ¢ devi cg jn accordance; wi th aneqneof then Bigesding Ghaigsn
further inctudi ng ‘an el ectroni ¢ apparatus nounted within the envel ope and
bei ng el ectironicaldwltenneeteento itso formeghenovofaes o feltdve Rl vhgeron -
phot ovol tai c el enent being arranged to provide electric power to the
el ectroni c apparatus. 13. A photovoltaic device in accordance with claim
12, the elzctrénighappalatis idevligdi nig: aateardFiad eviflor apyams§i 124 nghe 15
Slgnals 12 J&MLP LAGLON- suldndd PRALRVALRG! CafleW i braeobgBRER UL L
’ mounted within the envelope and being electronically connected

10 to the photovoltaic element, the photovoltaic element being

arranged to provide electric power to the electronic apparatus.

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

5 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 photoveoltaic devices.

20
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.

25 16. A photovoltaic device in accoxdance with claim 13 or claim
14 further including an antenna connected to the transmitter,
the antennal being formed by & conductive layer adjacent the
photovoitaic element.

o 17. A photovoltaic device in accordance with claim 12 or c¢laim

13, further including an antenna connected to the transmitter,
the antenna including a conductive member extending outwardly

from the envelope.



el ectroni c apparatus including a transmtter for transmtting signals to
ot her photovoltaic devices. 20 15. A photovoltaic device in accordance with
claim13 or claim 14 further including an antenna connected to the
transmitter, the antenna being fornmed by a conductive region of the

envel ope. 25 16. A photovoltaic device in accordance with claim 13 or claim
14 further including an antenna connected to the transmtter, the antennal
being forned by a conductive | ayer adjacent the photovoltaic elenent. 30
17. A photovoltaic device in accordance with claim12 or claim 13, further
i ncluding an antenna connected to the“}ransnitter t he antenna including a
conductive menber extending outwardly” fromthe envel ope. -19 18. A

phot ovol t ai . devﬂt@hphoacbbmxﬁuﬁﬁymmqIinaﬁyceﬁ@aQﬁe(ﬂ%ﬁhﬂ?nylﬁnﬁo°§7Cth?%her
| ncl uding pa. energy (5Lenage; dekless B AhY! VOLIA Gdlavice [N accordance
with claim 8 energy storage device being 1n the formof a thin

| ayers forned prOX|nate the |l ayers of the photovoltaic elenent. 20. A

phot ovol t devj c r.dan ny. I 1, fygrther
|nclud|ngai§ ené%rgh%%‘%%gg'% H%%%%% ta?ciaev?gggfﬁ ggg%}dgﬁggﬂmn?% cl aim
20, the sem&xgy(ﬁaqmmmen@eampﬂabéhygoﬁnthéeeﬁvémoﬁé apbhip BRBEEGOLLENRY

devi ce in x Lrﬁ\a%ncggw %Q%%Py &ﬁ%ﬁg éacfil %'o%lt&?c 121 diegl, in the formof an

|nd|V|duaI ot ovol tail evice 1 n accordance with claim 22,
in the
20. A photovoltaic device in accordance with any one of claims
12 to 19, further including a sensor.
10

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

sensor extending outwardly of the envelope.

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

15 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.

20

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

25 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.

30 27. A photovoltailc device in accordance with claim 26, wherein
thé orienting means includes a predetermined centre of gravity

of the device.



formof a note arranged to provide information about an environnment. 20
24. A photovoltaic device in accordance with claim23, the device being
enclosed in a resilient cover. 25. A photovoltaic device in accordance with
claim23 or claim 25 24, having an outer shape which is aerodynamc. 26. A
phot ovol tai c device in accordance with claim 23, 24 or 25, further
i ncludi ng neans for orienting the device. 30 27. A photovoltaic device in
accordance with claim 26, wherein the orienting neans includes a
predeterm ned centre of gravity of the device. - 20 28. A photovoltaic
device in accordance with claim 26 or §Iain1 27, wherein the orienting
means i ncl udes a projection projectiﬁé outwardly of the device. 5 29. A
phot ovol t a&. deVi ggdtwvadteidafeeiokt hn ciaiamsiazge X2tdr clagm £Reodr FéAtPng
means i ncl ydin ad I VE. . i.an n. rdace f. Lth I 30.
A photovol?gjcghevfgéqﬁﬁaéﬁgggﬁghgemag?ﬁ 3ﬁ§ﬂ%%% ggxilalﬁgloko%fgﬁﬁb%%?gthe
devi ce bei ogtwamuhitiedfonha sebsteate and being electrically connected to
the substrate. 31. A photovoltaic device in accordance with claim 30,
including a channel through the envelope to a conductive |ayer 15 of the
devi ce and2a. cordustarvedtaéct idpyitheivondaeriyecd ayEh t olaime 30bstT afe.
32. A phot gyol taic dewige Jn REEOrdance WLl Ghal fdss MNeEELsohnechaane!
is lined with conductive terral.

outer surface of the device,

30. & photovoltaic device in accordance with any one of claims
10 1 to 11, the device being mounted on a substrate and being

eléctrically connected to the substrate.

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

15 of the device and a conductor connecting the conductive layer to

the substrate.

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

the channel is lined with conductive materiai.

20
33. A photovolialc device in accordance with claim 29, 30 or 31
wherein the substrate includes & grid of conductors and the
photovoltaic device is electrically connected to the grid.

25 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 30 to 34, the substrate including reflective means to reflect

radiation incident on the substrate towards the device.



20 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
el ectrically connected to the grid. 25 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 nounted within the
depression. 35. A photovoltaic device in accordance with any one of clains
30 30 to 34, the substrate including reflective nmeans to reflect radiation
i ncident on the substrate towards the device. -21 36. A photovoltaic
device in accordance with any one of the preceding clains, wherein the
photovoltaic element is a thin filmphotovoltaic elenent. 5 37. A

phot ovol t aB6. devi ehctnvadkat datrel i tif @CEPHESBSE IR RidRY (RE PENEREI I m

photovol taj,c. gl o183 1@, DYfe 20 @ri i eldnotB96) ¢ 2 8L 6Bt n38.s A RROROVOI taic

device in ccof%gﬁge with claim37, whérein 10 an internal electrode of
the DSC el éhbntpledmycil§esccatdernt 39. A photovol tai ¢ device in accordance
with claim37 wherein the device stores a reservoir of electrolyte to
provide an electrolyte supply to an electrolyte layer of the DSC device.
15 40. A phdbt ovdl wacEodevteec i e idaRcECREERCANY: dhe'GHim K&/ BPeEedP ng

claim, a {gsii]ante;TRt BhbabybAl Ak RQKded iul khbfe thera.ddi0e bacsecur e
el enents o he devi ce and provide nechanical rigidity. 20
element.

38, A photovoltaic device in accordance with claim 37, wherein

10 an internal electrode of the DSC element comprises carbon.

35. A photovoltaic device in accordance with claim 37 wherein
thé device stores a reservolr of electrolyte to provide an
eléctrolyte supply to an electrolyte layer of the DSC device.
15 |
40, A photovoltaic device in accordance with any one of the
préeceding claims, a resilient material being provided within the
device to secure elements of the device and provide mechanical
rigidity.
20
410 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

25 eleéctric power to the device.

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

elément including a plurality of layers.

30 43, A mote in accordance with claim 42, the photovoltalc

element being a Dye Solar Celil element.

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

arﬁanged to operate with a plurality of like motes.



41. A note arranged to provide information about an environment, the note
i ncludi ng a photovoltaic elenent and an el ectronic apparatus confined by
an envel ope, the photovoltaic elenent or the photovoltaic el enent being
arranged to provide 25 electric power to the device. 42. A note in
accordance wth claim4l, the photovoltaic elenent including a plurality
of layers. 30 43. A note in accordance with claim42, the photovoltaic

el enent being a Dye Solar Cell elenent. 44. A note in accordance with claim
41, 42 or 43, being arranged to operate with a plurality of |ike notes. -
22 45. A photovoltaic array, including,a plurality of photovoltaic devices
in accordance with any one of clains 30 to 35, nmounted on the substrate. 5
46. A net hod of manufacturing a photovoltaic device including the steps of

form ng a phot ovpldrditeeherent From a Rliw@hit ¥ plurd BYef o Ofpndichlentage
chem cal conposition on conducting core, and _formng an envel ope with at
| east a poPEVORLDIM FECORTEN6Few1bl i ifca curded™pr o i 1.3 %7 MoANSthod of

manuf act ur LAt B phatav@ltai ¢ device including the follow ng steps: 15
Provi di ng an envel ope, at least a portion of the envel ope having a curved
profile> and Forming a photovoltaic elenent froma plurality of |ayers of

differing ghem GalnLaRROSKt hQRu b B¥Ler:S phBeb0gLE 9 Btk Ak Atinlgast npar t
of the surface of the '
the steps of forming a photovoltaic element from a plurality of
layers of differing chemical composition on conducting core, and
forming an envelope with at least a portion of the envelope

10  having a curved profile.

47, A method of manufacturing a photovoltalc device including

the following steps:

15 = 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

20 envelope

48. & method of manufacturing a photovoltaic device in
accordance with claim 47, further including steps of placing
inside the envelope at least the following components:
25 ‘ 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

30 electrically connected with the transmitter.

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

envelope into resilient transparent cover.



20 envel ope 48. A nethod of manufacturing a photovoltaic device in
accordance with claim47, further including steps of placing inside the
envel ope at | east the follow ng conponents: 25 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 30 electrically connected with the transmtter. 49. A nethod of

manuf acturi ng a photovoltaic device in accordance with claim48, further

i ncluding enclosing the envelope into resilient transparent cover. - 23
50. A photovol taic device substantiah&y as herein described wth reference
to the acconpanying drawings. 5 51. A note, substantially as herein
described, with reference to the acconpanying drawi ngs. 52. A photovoltaic
array, su ant i,al g ej q§_ ri g i § by ref $0akB8rived
acconpany&ﬁ% dr&%?%é§s§ﬁ @éﬁ%ka %%Zggg 63M&$£&L&E§;q£ﬁ%lh at

with reference to the accompanying drawings.

5 51, A mote, substantially as herein described, with reference

to the accompanying drawings.

52. A photovolitaic array, substantially as herein described
with reference to the accompanying drawings.
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