PHOTOVOLTAIC TILE Field of the Invention The present invention relates
to a photovoltaic tile 5 particularly, though not exclusively, for use on the roof
of a building for converting solar energy to electrical energy. Background of
the Invention 10 It is well known to use solar electric panels mounted on a
roof of a building to provide electrical en_erby_to supplement the energy needs
of the building. Such panels ma¥geTf(i)tt%c%%% ro%f overlaying an existing roof
covering. That is, the panels do replace or act as a roof
covering. Applicant has previously devised a photovoltaic tile assembly that
can alse adt as areof toveringod he assembly comprises a base tile through
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energy<kwy cover tiles are electrically and mechanically coupled to a
corresponding base tile by connection posts. The posts are pushed through
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15 replace or act as a roof covering.

Applicant has previously devised a photovoltaic tile
assembly that can also act as a roof covering. The
assembly comprises a base tile through which one or more
20 mechanical fasteners are driven for fastening to an
underlying roof structure, and one or more photovoltaic
cover tiles that are attached to, and overlie, the base
tile. Each of the cover tiles is provided with one or
more photovoltaic cells for converting solar energy into
25 electrical energy. The cover tiles are electrically and
mechanically coupled to a corresponding base tile by
connection posts. The posts are pushed through holes
formed in the base tile. A first end of each post extends
above the base tile and is received in a through hole
30 electric terminal in the cover tile to provide electrical
and mechanical coupling of the cover tile to the base
tile. A second opposite end of each post extends into a
recess on the base tile and is received in a slot in an
electrical connection tube that is subsequently seated in
35 the recess in the base tile. Electrical and mechanical
connection of the second end of the post requires a

combined linear and rotational motion of the connection



tube. Further details of applicant's above described photovoltaic tile
assembly are provided in Singapore 5 Patent Application No. 200716871-9.
The present invention is a result of further research and development in
relation to the cover tile in the above-described photovoltaic tile assembly. 10
Summary of the Invention In the claims which follow and in the preceding
description of the invention, except where the context requires otherwise due
to exﬁﬁéases'language or necessary 15 implication, the word "comprise" or
variations such as "comprises" or "comprising" is used in an inclusive sense,
i.e. torspecifrthe=presencerofdbelstated featares/butiretctoipreciude the
Pfes%ﬂﬁ%%@@@%&@@ ofifugther featyres !'a_[waBQ_H%ﬁﬁ%@Pqim%ﬁ&iﬁ%e_ _
ipvention, gto Qgeﬁsgaeg orfl ttﬂ]eo present.inyention provides a photovoltaic tile
comprising: & carrier tile having a first side on which is provided a recess;
250ne or more photovoltaic cells seated in the recess; and, a cover plate
overlying thespirotbvoltaierdellsrand sealetstolthecdarfier titesra phgakityadf and
electrealdespinrals coupled to the30 ®nener merephotovoliaic wels ang e -

througgs\@gigge%{egmgggvg)eﬂea@gedcpyghg gp&gg\ig)gaic cells can flow; one or

lrQore holes in the carrier tiles;

Summary of the Invention

In the claims which follow and in the preceding
description of the invention, except where the context
requires otherwise due to express language or necessary

15 implication, the word “comprise” or variations such as
“comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but
not to preclude the presence or addition of further

features in various embodiments of the invention.

20
One aspect of the present invention provides a
photovoltaic tile comprising:
a carrier tile having a first side on which is
provided a recess;
25 one or more photovoltaic cells seated in the recess;

and,
a cover plate overlying the photovoltaic cells and
sealed to the carrier tile.
a plurality of electrical terminals coupled to the
30 one or more photovoltaic cells and through which
electricity generated by the photovoltaic cells can flow;
one or more holes in the carrier tiles;
the electrical terminals being located adjacent a
common hole or adjacent respective holes, wherein an
35 electrically conducting fastener passing through one of
the holes is capable of both holding or fastening the

photovoltaic tile in a desired location or position or to



the electrical terminals being located adjacent a common hole or adjacent
respective holes, wherein an 35 electrically conducting fastener passing
through one of the holes is capable of both holding or fastening the
photovoltaic tile in a desired location or position or to a support; and,
allowing a flow of electricity from the ph6t03{/o_ltaic cells through the fastener.
The carrier tile may be made from a plastics material. 5 Further, the carrier

tile niay BEFSMTE BYH nioldmG process! ioné embodiméntthe =™ e
photdVitteie fife-whendfewe dfrern e Bide providéd With-the photovoltaic cells
has a slate-like 10 appearance. In this embodiment the carrier tile is of a

slate-fike coleur. Jhhe phatayoltaic.cellsimay,algo e, of aslate-like: eelour, or
terr%ativtg/ahyle paytge formed to beﬁ%bstanti Lb/ %g transparent wh r?iﬁ' the

-t . t
underllﬁfrng carrier tile Is visible throughmt% p otovoltaic cells. In a first

embdtliftfent of the photovoltaic tile, the cover plate may overlie the carrier
tile. Further, the cover 20 plate may be of substantially the same footprint as
the carriestiles spdhahthe edges @i dhe carrieritemndcavenplie /@ from a

SUbs@{‘&@”gﬁf&’&%%”%&h'@ﬁo ides the.phatoveltaic tile with, ag upper; ;.
surface that is substantlalkl}/, flat. In this embodiment the photovoltaic 25 cells
Have P ESMBINGE thitknéss SuBLARTATY tqual'to 6F féssthan'a depth of tie
recess! & seéshdehibdiment of the photovoltaic tile, the cover plate may
be seated in the recess. In this embodiment the 30 photovoltaic cell and the

coverrplate may beifermeddohaveng comhipegdthickngss substantially-equal:,
K)a(¥¥nglternatively may be formed to be substantially
15 transparent wherein the underlying carrier tile is visible

through the photovoltaic cells.

In a first embodiment of the photovoltaic tile, the cover
plate may overlie the carrier tile. Further, the cover
20 plate may be of substantially the same footprint as the
carrier tiles so that the edges of the carrier tile and
cover plate are substantially co-terminus. This provides
the photovoltaic tile with an upper surface that is
substantially flat. In this embodiment the photovoltaic
25 cells have a combined thickness substantially equal to or

less than a depth of the recess.

In a second embodiment of the photovoltaic tile, the cover
plate may be seated in the recess. In this embodiment the
30 photovoltaic cell and the cover plate may be formed to
have a combined thickness substantially equal to a depth
of the recess. This results in an upper surface of the
photovoltaic tile (that is the surface which is provided
with the cover plate) being substantially flat.
35
At least one edge of the photovoltaic tile may be provided

with a curved or rounded profile.



of the recess. This results in an upper surface of the photovoltaic tile (that is
the surface which is provided with the cover plate) being substantially flat. 35
One or more electrical terminals are provided on the photovoltaic tile through
which electricity generated by the photovoltaic cell can flow to a remote
electrical 5 device; such as for example a éto_rage battery, a water heater, an
inverter or an electric appliance. Each terminal may circumscribe a respective
hole. In this embodiment, each electrical terminal is a through hole 10
termif@fand Mmay eoffise ating irridelordlecaicallycontiring matstial.
An electrical condilctariis provideddo establisk 15@ledirical copnectiared by
between each:elestrical terminal and the photevaltaic gell Each.electrical
condyctor may be I the fprm of.a bus ba.Each bus har gan be coupled to a
corresponaln’g electricaﬁ terminal. T he éﬁectnca? tercflninafs and bus’bars may
be mbffddinto e tatifértie. 26 a0 electric appliance.

Each terminal may circumscribe a respective hole. 1In this
embodiment, each electrical terminal is a through hole
10 terminal and may comprise a ring made of electrically

conducting material.

An electrical conductor is provided to establish

electrical connection between each electrical terminal and

15 the photovoltaic cell. Each electrical conductor may be
in the form of a bus bar. Each bus bar can be coupled to
a corresponding electrical terminal. The electrical

terminals and bus bars may be molded into the carrier
tile.
20
In the embodiment where the cover plate overlies the
carrier tile the electrical terminal and/or the electrical
conducted may be sandwiched between the carrier tile and
the cover plate. However in the embodiment where the cover
25 tile is seated in the recess the electrical terminal
and/or the electrical conductor may be embedded in the

carrier tile.

A further aspect of the invention comprises a photovoltaic
30 tile comprising:
a carrier tile provided with at least one through
hole electrical terminal;
one or more photovoltaic cells supported on the
carrier tile; and,
35 an electrical conductor for each electrical terminal
wherein each electrical conductor provides electrical

connection between respective electrical terminals and the



In the embodiment where the cover plate overlies the carrier tile the
electrical terminal and/or the electrical conducted may be sandwiched
between the carrier tile and the cover plate. However in the embodiment
where the cover 25 tile is seated in

photovoltaic cell; and
wherein the electrical terminals and at least a
portion of the electrical conductors is embedded in the

5 photovoltaic tile.

Brief description of the drawings

An embodiment of the present invention will now be
described by way of example only with reference to the

10 accompanying drawings in which:

Figure la is a representation of a first embodiment of a
photovoltaic tile in accordance with the present
invention;

15
Figure 1lb is an exploded view of the tile shown in Figure

la;

Figure 1lc 1s a schematic representation of a carrier tile
20 incorporated in the photovoltaic tile depicted in Figures
la and 1b;

Figure 2a 1is a representation of a second embodiment of a
photovoltaic tile in accordance with the present

25 invention;

Figure 2b is an exploded view of the tile shown in Figure

2a;

30 Figure 2c is a schematic representation of a carrier tile
incorporated in the photovoltaic tile depicted in Figures
2a and 2b;

Figure 3 is a representation of a portion of a roof
35 covered by a plurality of photovoltaic tiles in accordance

with the present invention;



the recess the electrical terminal and/or the electrical conductor may be
embedded in the carrier tile. A further aspect of the invention comprises a
photovoltaic 30 tile comprising: a carrier tile provided with at least one
through hole electrical terminal, one or more photovoltaic cells supported
on the carrier tile; and, 35an electrical conductor for each electrical terminal
wherein each electrical conductor Qrovides electrical connection between

respectiV& Slectrical Terminals S7d tHE “pRdtovoitais célf aht =™ wherein
the elettRealqerhirds arrl ileastaPUrtion of tse RiedtfAtaldariduciorsis
embedded in the 5 photovoltaic tile. Brief description of the drawings An

embadigent of the preseniinventien will npw,bge - dasgribedhyway of

E_xamip'%8&%‘é"é‘%‘fﬁfeE%E‘Cé?ntgtﬁﬁ‘erl%r%‘%%mﬁgﬁ%’ '”o?fd%"é'ggé Igc%rclallfgéic
|gurer,7la ISa represgntatlon of a first embodiment of a phot voltaic tile in
accofdarite with the present invention;

Figure 6a is an exploded view of a base tile on which a
plurality of photovoltaic tiles can be mounted, the base
10 tile configured to provide a series connection between

three banks of parallel connected tiles.

Figure 6b is an equivalent circuit diagram of the tiles
connected by the base tile shown in Figure 6a.

15
Figure 6c is an exploded view of a base tile on which a
plurality of photovoltaic tiles can be mounted, the base

tile configured to connect each of the tile in series.

20 Figure 6d is an equivalent circuit diagram of the tiles

connected by the base tile shown in Figure 6c.

Figure 7 is a schematic representation of an electrical
connection system that may be incorporated in the base
25 tile to provide electrical connection between photovoltaic

tiles; and

Figure 8 is a representation of an assembled base tile
being fastened to a roof structure.
30

Detailed description of preferred embodiment

Referring to the accompanying drawings and in particular
Figures la-1lc, it can be seen that an embodiment of the
photovoltaic tile 10 in accordance with the present

35 invention comprises a carrier tile 12 and a photovoltaic
cell 14. The carrier tile 12 has a first side 18 on which

is provided a recess 20. The photovoltaic cell 14 is



15 Figure Ib is an exploded view of the tile shown in Figure la; Figurelcis a
schematic representation of a carrier tile 20 incorporated in the photovoltaic
tile depicted in Figures la and Ib; Figure 2a is a representation of a second
embodiment of a photovoltaic tile in accordance with the present 25

invention; Figure 2b is an exploded view of the tile shown in Figure 2a; 30
Figure 2c is a schematic representation of a carrier tile incorporated in the
photVIitEIE 6 @8pitted ﬁfPl‘ngu?gs IXand 9B Figlre®s istgggpF&een%ﬁt]i&n of
a portionsfat rSbfi35 EbFererllsy a plirality of prdtovoledice tilss invaccoreanéée
with thecpresent invention] Eigused isanctassssection afa sealingsystemtile
inCOtFQQr.E}tH}Q QRI‘_?E @r@@%@m@gﬂ&f tQﬁﬁH}Pﬁ%@‘Eaigtﬂ@e ;déiggfi _1§li§@eclfft¥§sha s
section of a sealing system 5 incorporating in another embodiment of the
O e Pt 8 1 NS 0a0 i 7 o B B G e . -2

plurafiffof ShotovoRERSMES TAnBE mddite8dffe base TortiB ‘@iffighted o

provite<a seres tannaectior betwaenthree banks of parallel connected tiles.

A front or exposed face 22 of the photovoltaic tile 10 is

10 provided with a flat surface 24. The formation of the
flat surface 24 is achieved by forming the thickness of
the photovoltaic cell 14 to be substantially the same as
or less than a depth of the recess 20, and providing the
cover plate 16 with a flat upper surface.

15
In order that a house or other building provided with the
photovoltaic tile 10 blends in with surrounding houses and
buildings that may be provided with slate or shingle
roofs, the photovoltaic tile 10 can be made to have a

20 slate-like appearance, i.e., a slate-like colour. This
may be achieved by forming the carrier tile 12 of a slate-
like colour. Additionally, the photovoltaic cell 14 can
be formed to be substantially clear so that the slate-like
colour of the underlying carrier tile 12 is visible

25 through the photovoltaic cell 14; or, by forming the
photovoltaic cell 14 to also be of a slate-like colour.
The cover plate 16 is made of a transparent material to
maximize transmission of solar energy to the cell 14. This
also enables the slate-like colour of the underlying

30 carrier tile 12 and/or photovoltaic cell 14 is visible

therethrough.
Edges of the cover plate 16 may be sealed to a peripheral
edge of the carrier tile 12 by use of sealants, adhesives,

35 or ultrasonic welding.

A lower edge or strip 26 of the photovoltaic tile 10 which



Figure 6b is an equivalent circuit diagram of the tiles connected by the base
tile shown in Figure 6a. 15 Figure 6¢ is an exploded view of a base tile on
which a plurality of photovoltaic tiles can be mounted, the base tile configured
to connect each of the tile in series. 20 Figure 6d is an equivalent circuit
diagram of the tiles connected by the base€ tile shown in Figure 6c. Figure 7 is
a schematic representation of an electrical connection system that may be

incorpSrtaa i the base 28 KRt privide elettriCR eonnection betweeh
photdviliageHtilest and Figure s isa rpreseftationsst & assembled base tile
being-tastened ta laaroof sirsicture. 30Detailed desoription afqireferred the

embodiment Beferringso the aecampanyingdrawings and in particular
l:5igures la-1c, it can be seen that an embodiment of the photovoltaic tile 10
in accordance with the present 35 invention comprises a carrier tile 12 and a

photoVbIRECREI 12, The'Eartie? Tile 1D HAE & TirstSSid& 1E°6R WHIEH i9 préviasad
a recesgs 20: TiMeophotovbitaic cell 14 3¢ dinfensioned velative tothé ¢eddss s
20 so-that the cell ik is-seatediindhe teeess 20s Aceoveiplate. 16 mverlies the

photqvoltajc, cell 14:and gan pe, sealedtothe carmier tilg, 12..1n this particular

embodiment the cover plate 16 has 5 substantially the same footprint as the

10 .e%ﬁcaﬁgcal contacts 32 aﬂ? ﬁ of, the P?thv?li 1C ﬂ%e.l4

carrier tile 12, and is juxtaposed so that the edges of the plate 16 and thetile

12 areved-fspsiagsve conductors or bus bars 36 and 38. Each
terminal 28 and 30 is in the form of a ring terminal which
circumscribes respective through holes 40 and 42 formed in
the photovoltaic tile 10. 1In particular, each hole 40 and

15 42 is formed in a portion 44 of the carrier tile 12 that

does not contain the recess 20.

The bus bars 36 and 38 are electrically coupled to their
respective terminals 28 and 30 by any suitable means such
20 as by soldering. During the construction of the
photovoltaic tile 10, the terminals 28 and 30 and the bus
bars 36 and 38 can be attached to the photovoltaic cell
14. Recesses or grooves 41 are formed in the carrier tile
to seat the terminals and bus bars when the a photovoltaic
25 cell 14 is seated in the recess 20. Thereafter, the cover
plate 16 is placed over the photovoltaic cell 14 and
sealed onto the carrier tile 12. Thus the terminals 28 and
30, and the bus bars 36 and 38 are embedded in the
photovoltaic tile 10 by way of being sandwiched between

30 the cover plate 16 and the carrier tile 12.

Figures 2a-2c illustrates a second embodiment of the
photovoltaic tile denoted as 10B, in which the same
reference numbers are used to denote the same features. As
35 is apparent from a comparison of with Figures la-1c the
two embodiments are very similar and according only the

differences in these embodiments will be described.



A front or exposed face 22 of the photovoltaic tile 10 is 10 provided with a flat
surface 24. The formation of the flat surface 24 is achieved by forming the
thickness of the photovoltaic cell 14 to be substantially the same as or less
than a depth of the recess 20, and providigg the cover plate 16 with a flat
upper surface. 15 In order that a house or other building provided with the
photovoltaic tile 10 blends in with surrounding houses and buildings that may
be provided with slate or shingle roofs, the photovoltaic tile 10 can be made
to have £26 3hte-likecappéaraticel secnrsldietikecoléie THI® prbypats 1s
achieviesltby fermingdhecaarier tile 12 of asslatesliker coloutr cAdditionally, the

photayeltaic cell 14 qan QQJQHB@QéQ be;substantially clear sasthat the +ne
s%?te-like cologr of the underl ina carrier tilte %%] vis}ilble 25 throu% the nade
VO
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p otavoltaic céll 1 ; %r,ab)(/: formi 1gljetﬂtcaephooto %asictce(fl 14 o also be of a

slate HKEREIIoUr: TFhe- E6vEPHIAte 18 i5'Made of & fPansparent Widtehiafts 1°
maxiatize transpiissionoftsolar erergyltd theicell dpoThistalso enables thée
slatedikgteoloeur ehtherunderdying 30reawierdie 12sand/or photevaltaie cel 14
IS V!SM%éh%f@éhF%’ﬂ&aiﬁggg_stq{éh% cover plate 16,maybe sgaled 103y, g
Perlpheral edge of the carrier tile 12 t‘%use of sealants,, %ghe ives, 35 or

UltrasBmid welding” ' ConsiSts 6t theFoliar eaga'drthe dovet plate 16.8°

formés @ithsa ctiffed OF Poumded erdss-sectigii Ue Belidvedl e this may the
assistin reducing luplift lerahereffeict of apliftin wioeyconthitior’ss i ordertole
colleateey atherwisewse, eleciricity ggperated y the: photoyoltaic.celb 14 the s
photoypltaic, tile 10 is, provided with electrical terminals 28 and 30. The
SISO ailh 3 e e At coum e i 10 Sttt b g

94 ofthe Phitovaitaic tite 1410V réspetiveoithictorTorBls Bars 36 and 38.
Eachrtermiral 128 andBoligsa the fohm ofarHngtetmibal Which circumscribes
respective through holes 40 and 42 formed in the photovoltaic tile 10. In

particular, gachhale 4Q,and 13,42 1s formed jjyaporiinn 44 ghihe carrier tig

12th?ég8§%rggcggg¥gtggggg%gazgﬁs bars 36 and 38 can be moulded

20 into the carrier tile 12 during the formation of the
carrier tile 12. However, a distal end of each bus bar
extends into the recess 20 and is left free to enable
connection with the photovoltaic cell 14. The cover plate
16 may also be made of a transparent plastics material.

25
The operation and use of both embodiments of the
photovoltaic tiles 10 and 10B is identical. According for
the sake of simplicity the operation and use thereof is
described hereinafter with reference to the tile 10 only.

30
Figure 3 illustrates an array of photovoltaic tiles 10
overlying and coupled to a roof structure 46 which
comprises a plurality of parallel roof rafters 48. As
described in more detail hereinafter, the photovoltaic

35 tiles 10 are connected to underlying base tiles 100 which
in turn are fastened to the underlying rafters 48. The

photovoltaic tiles 10 are arranged in successive rows 52a-



The bus bars 36 and 38 are electrically coupled to their respective terminals
28 and 30 by any suitable means such 20 as by soldering. During the
construction of the photovoltaic tile 10, the terminals 28 and 30 and the bus
bars 36 and 38 can be attached to the photovoltaic cell 14. Recesses or
grooves 41 are formed in the carrier tile to Seat the terminals and bus bars
when the a photovoltaic 25 cell 14 is seated in the recess 20, Thereatfter, the

cover plate 1618 gidled ovel thé PhotdVoitaie tell 12°47¢ S8a15d oRtEthe” ©
carriertie 1% Thuavthectefminals 28 &Rd B0 andithe Bifs Bafs B6zmP38 &reto
embedded:idthel photovoliaic tileuk® by wyay ohbgingrsandwichedibatieen 30
the CQ\%%&@'?&% 1&@%@15@%@98 ie{ﬁagrlﬁyfﬂ%uwa-%w%t@tﬁ@% secgad
embodiment.of the pholqvolialg tie depoted s 103 Inubidh the same
referénce nUMbers are Used fo denote the sama features. As 35 is apparent

from BCOABAaris6n of Wit Bigtited 1a= 1€ thé fwd Emblaiie M are ey 1Y -
similamhandactording only the differénces in theseeembodiments will bertion
descrheds Inessenee the maindifference betweem the.esthodiments is. that

the coyerplate 16,0, thephotoypliaig fils 103 sismallerand, in,pagicular is

dimensioped to seat in the 5 recess 20. As a consequence of this the recess
40 is ade deeper With the Eombined tickTESS bf the SoVdr plate 16 and the
phot@RAERE E&lt 12PBsingdbtutthe Satie B3 the depthditheée€ess DS This
resultsoipethrespheioveltaictie O3 maintaining dhe flat kppepsasfage@4 and

described 10iabovein relation te the photovoaltaic tiley103. Also, because the
cover plate 16 is seated in the recess 20, the curved of beveled profile of the

lower ed%e 26 of the tile 103 is now provided on the carrier tile 12. The

terminals28 Bhd>30Rhathe U bare36 birfdl 38727 Biibédded ifthd 26°s ©F
photdveitaid tileov03 byilseing erabéfded andlmore partidularlgmolded intthe

carrieritile 12; &orexasnpled the terminals=28 @andr30 anda postian ettheing is
length of their attached pus-bars, 36,and 38 cap.he moulded 20 intpthe .., o

carrier tile 1 durlg%%he formation of the carrier tile 12. However, a distal end

over the a t,ln surfaces. weyer an ,alternate
of each bus bar éxtends'ifto the recess Zpﬁjand iS |eft free to enable

Tonneehier Witththe piotoveltaicicelF 14UTRE chverPlate e fitay-§lso be
made ohairansparént plastics matetiab2>f each photovoltaic tile 10

can be formed with sealing structures or components which
when mutually engaged form a waterproof seal between
adjacent photovoltaic tiles 10 in any particular row 52.
25 That is, the side 56 on one photovoltaic tile 10 can
engage and form a seal with the longitudinal side 54 of an
adjacent photovoltaic tile 10. This may be achieved in
several different ways. For example, Figure 4 depicts a
cross section of a tile 10 through portion 44, where the
30 side 54 is formed with a longitudinal groove 55 and the
side 56 with a longitudinal and laterally extending tongue
57 that fits into the groove and forms a seal therewith.
In an alternative arrangement shown in figure 5Db, the side
54 is formed with a laterally extending lip 59 of one half
35 the thickness of the photovoltaic tile 10 and extending
flush with the surface 24, while the side 54 is provided
with a complementary lip 61 also of half the thickness of



The operation and use of both embodiments of the photovoltaic tiles 10 and
103 is identical. According for the sake of simplicity the operation and use
thereof is described hereinafter with reference to the tile 10 only. 30 Figure 3
illustrates an array of photovoltaic tiles 10 gverlying and coupled to a roof
structure 46 which comprises a plurality of ba?allel roof rafters 48. As
described in more detail hereinafter, the photovoltaic 35 tiles 10 are

conn&Bled i idEryiRg base fles Lo Which it ‘Hre TadiRhedtohE 2 ce

undeflfing raftets 48 T Helplotbvohaictiles 10 aresaffangeddh stieeessive

rows B32a= ovd 0 =521, withaono52a bheing fovwermast. Suteessiverows are
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urther, a higher row partially.overlies an adjacent underlying row. For
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tiles 16 BFE ¥owi 52a. Mo Bafticufsay? thetidtodsitdic tifes 16%5n 2higher
row dvetlie portidre 4dagfthe photevoltaic tites 10%n ian thderdyingtrow st ce,
arrangementeofphatoyekaicities 101providesthentO seebsuctuse 46-with a
roof covering that has a geometric appearance of a slate or shingle roof. This

appearance is enhanced by the slate-like a pearanc$ and colourinrgbof the
PhotoveHtAiE fles™10.°18 Inf tﬁé}?jsfj?nﬁlké%?’folr%n BBhosits iongitddinalSida fAces

of the phbtsvoraictifes F0 afs faPand ‘dbut EydifdttheSige fac&oF an
adjacent titer 0t Hwatetproof seatiag ip¢equined atkead of seateatanatetial 100

can he,laid between Qnaver the abyiting suHaces chipweves in apalterpate- o
20 eg%ggdirg%gt, as stlowg in Figures 4 ang 5 opposite Io%{ydsinal sig%g(§4 y

. . b
and 56 of each p%otgvﬁfalcr:%lfg 0°can be forme Wﬁ?geallng structures or

]c%mdﬁ}?erﬁél@\ﬂ%ﬁ%éﬁ ﬁmtﬁﬁﬁ’y %h‘@%bé&%ﬁn%%%ﬁpjr%f S¥A5EweEh
adjacentiphbtevoltaio tiles: 10 iy aply patidulalr row 52,125 That id;lthe side 56
on ore photovoitaic tilei He can engagaiavdfary a sealwih dhe lengitudiaal

side p4 of anadjacept,phatpyvoltaic tle 10. Thisypay beachieved i sexeal
dlffere%t Wg%/s. For ex?mcple Flgure 4 depicts a cross section of a tile 10
the ace 104,

2tgroug por.|65t44s,uv5here the
In the particular embodiment shown in Figures 6a, 6b, 7
and 8, the substrate 102 comprises a bottom shell 110
having a planar bottom surface 112 and a peripheral wall
114 extending about the bottom surface 112. A cavity 116
25 is defined between the bottom surface 112 and the

peripheral wall 114. The conducting rails 202 are
disposed in the cavity 116.

The substrate 102 also comprises a top shell 120 that
30 overlies the cavity 116 and is sealed to the bottom shell
110. The top shell 120 is provided with a plurality of
rows of holes 122 through which the free ends 206 of the
posts 204 extend. Prior to sealing the top shell 120 to
the bottom shell 110, the cavity 116 may be filled with an
35 insulating material to minimise heat transfer through the

base tile 100.



30 side 54 is formed with a longitudinal groove 55 and the side 56 with a

longitudinal and laterally extending tongue 57 that fits into the groove and

forms a seal therewith. In an alternative arrangement shown in figure 5b, the

side 54 is formed with a laterally extending lip 59 of one half 35 the thickness

of the photovoltaic tile 10 and extending fflush with the surface 24, while the

side 54 is provided with a complement%ﬁp 61 also of half the thickness of
0

the pRBISVGtaTe fife £o Bt FiSh With & Bottor Surfatd 6 th Eatrier tile 12 so
that thersideBe 6Péne pROTROIRIE tiIkP10tah GVerlie theside 53 oftarpne end
adjacent gphotavoltaie tiler16:te formea waterproof seal. 51Ehe se¢akng effect in
both apaRgeIGs:maY £ uRNCed Ry dhe SHOUS AN OFaBg ofmare by
seals 63 acting between the tong and groove 59 in the first instance,

e T iR ot 1o a3 et o omil et e, TOLFIG fos 6a Eb. 5 and

8 show fiTHfore détan Erémbddimeht BF the’ Ba§8$ﬁ€%§séﬁ%ﬁ%6 tbRwhich
one armmviephotevoitaic tifesct0 canie gohneotedh Thedbase tileeif@ cent
comprises a substrate 102 havingadist fuppery sudase 04 and-an

electrigal connegtion systam,200 suppeded by, 15dhesubstrate 102. The

electrical connection s(f?/stem 200 comprises a Qluralit of conductlngcrails 202

that exteRa fro Side 16 8ide°6f the Stbsitratd 102 and Bhe 6F dré posts 20" ©

eachthiaVirig &%ree endcZ06 ivat éxtehlls abbvethe fitseeudace 1041 209a oP-
the padiculacembodimeat showamlinyFigures6ac6bL 3 and 8dthecsubstratek s

102 comprises aRattamishell 110 baying, a planarbotiamsyface, 132and.a
perip er Walrllglgfleexé%@c__{igglabout the. hottom sucrfGanclze 112. A cavity 116 25

is defined between the bottom sﬁ(r)fré%%cltﬁogna%ﬁe pesrip ae¥af3vevall 114. The

condbefing PaTs262 ate disgosed i the'Eavity PI6VTAE stbstrate 492 also
comprisesug top shell 120 that 30 overlies the cavity 116 and is sealed to the
bottom shell 110. The top shell 120 is provided with a plurality of rows of

holes-122 tarough which the free ends-296, of the, posts 204, extend, RHQrto, ¢
sealing the fop shel 120.to the botio shell 10, the cawity 116 may be filed
with an %S%nsulatilng maferlarﬂ ominimise nea teransfeer%ﬁroug f:he Base ﬁ?e
200, syprem 200 are described in applicant’s co-pending patent
applications numbers WO 2010/030245 and WO 2009/048430.
The above brief description is provided to assist in the
following description of the operation and connection of
the photovoltaic tiles 10.
25
As previously described, each photovoltaic tile 10 is
provided with a pair of terminals 28 and 30. A plurality
of photovoltaic tiles 10 can be connected to a base tile
100. This is achieved by aligning the terminals 28 and 30
30 of a photovoltaic tile 10 with the free end 206 of two
laterally adjacent posts 204 extending above the surface
104. For example, referring to Figure 8, a first
photovoltaic tile 10 could be coupled with the base tile 100 by
pushing free ends 206a and 206b at the lower left-hand corner of the
35 base tile assembly 100 through the holes 40 and 42 of a photovoltaic
tile 10. The posts 204 are configured to electrically couple with

the corresponding terminals 28 and 30 to provide electrical



Opposite ends of the rails 202 are formed with complementary connectors so
that the connectors at one end of a rail 202 in one base tile 100 can
electrically connect with electrical connector of another rail 202 of 5 an
adjacent base tile 100. That is, the rails 202 in sideways adjacent base tiles
100 connect together to provide electric_allg’on_tinuity between sideways
adjacent base tiles 100. This embodiment of the electrical connection system

200 proVites for Bach Base BTG 10 htée fifdependent batks SFgarafigl &+
connétteerpRdtovoftaicities 10, asSa@sietdbitthe circuibdiagramtin Figure
6b. Eaichthank isselectrically ldbnhected te ansadjacentsbanks op an-adjacant

base tile 400 Howemeras explained belaw different elecfrical-connaction.
systems maybe 1aiincorporated in the pase fie to proyide elpctrical gutputs.
urther details of the construction and other features of the base file .
asseRIbN 100 difd the- elettriddl conneetibn BtF sydteht 200 ard dsscribed it
applieants co-pending patertrafplicationsatumbels WO 2010/030245 ahels
WO 2009/048430. The above brief description is provided to assist in the
following description of the operation and connection of the photovoltaic tiles
10. 25 As greviouslg described, each %hotovoltaic tile 10.is provided with a |

Pair ofterminais 28 dnd 385 ApIraity of photovdltaic fifes 1o carbe ® t4 10

connéétedl e basetile 190: THis idaékieved By afighing the termital® 28t s

and 30 80x0fd phofovoltaic tile 1@mithethelfree ehde206lefiwes and
apparatuses such as storage batteries, inverters, heaters,
or other appliances.

15
Figure 1 depicts a photovoltaic tile 10 with eighteen
photovoltaic cells 14 arranged in a 3x6 matrix. 1In
addition, Figures 3 and 6 depict a base tile 100 to which
nine photovoltaic tiles 10 can be connected.

20
The specific number of cells 14 per photovoltaic tile 10,
and the manner in which the cells are connected within the
tile 10, as well as the number of tiles 10 connected with
each base tile 100 and the manner in which the tiles 10

25 are electrically connected is dependent on numerous design

considerations. These include, but are not limited to:

(a) the nature of the load to be driven by the
photovoltaic tiles 10, in particular any minimum

30 voltage and/or current requirements;

(b) the shape and configuration of the photovoltaic cells
14 as manufactured and how the cells can tessellate
on a carrier tile 12; and
35
(c) the effects of shadowing on a cell 14.



laterally adjacent posts 204 extending above the surface 104. For example,
referring to Figure 8, a first photovoltaic tile 10 could be coupled with the
base tile 100 by pushing free ends 206a and 206b at the lower left-hand
corner of the 35 base tile assembly 100 through the holes 40 and 42 of a
photovoltaic tile 10. The posts 204 are Eoﬁ'lﬁgl]red to electrically couple with
the corresponding terminals 28 and 30 to ?rowde electrical - 13 - coupling

with the pidtoUBItaic dall 14 of THaf Particlarphe tthvc?Iﬁ%Jt‘fe qpres U In
Subsegtentiyran adjaderitshotoverait the1edhmheisamé réwcas fivgntion
previauslytaidols coupled o phe next twao fatetalyhadjacent freeth ends 206G

This pracess i§l’%iflu§glf9r eaghrow.of @tBOtPé/OHQEr@E&]&c%O thatthene
vghole nap fﬁtl%n of agoof séructure can be covered \fglth §hotovolta|c tiles

10. 10 electricity generated (ﬂ'f{ fhe photovoltaic cells 14 in each
phot&%ﬁ@ﬁléfO@%oﬁHﬁ@f’e r&ﬁ&h TRe posts 168 HftfrailsCrosigmrLe 2

remote electricalidevites ahdldpparatuses sudte &$ Steragechatterdés,ic cell
inveriersgheaters, enatheimppliansgs. 15 Rigaieok depictsa photowvoltaictile.

10 with eighteep phateyoltaic pells %%Q%‘QSQ 'B@oﬁx‘ﬁﬁ%até'fzg‘ addifion, ¢

Flgures 3 an 6 depict a base tile 100 to WhICh hotovoltalc tiles 10 can
be cotnhnec?e 20 The é)ﬁéj(ﬁ ic hOnfi5&1rddils ﬁ) per p‘hotovoﬁ?am %Ii’é 10, and
the AN Whieh the cefisnaetdrhdeted Witk Hee! tife? 1643 9ell ad the
numberteirtiles 1camedied witthgach hasedile<l00 and thgenariner in

which the-tiles1Q 25, areselegtically connected is dependent-on NLpRroyss s
deS|gKgl onS|derat|ons These include, but are not limited to: (a) the nature of

the load to be driven by the photovoltaic tiles 10, in particular any minimum

B0voltage and/or current requirements;
(1) having a large area with photovoltaic cells connected

in series which may adversely suffer from reduced power
output if one of the series connected cells does not
receive full illumination due to the shadow effect (ie due

20 a shadow case by a surrounding building or by virtue of
foreign opaque objects such as leaves and/or bird

droppings;

(1ii) having a smaller area of photovoltaic cells connected
25 in series which is less affected by the shadow effect,
however produces higher voltage which may give rise to
safety concerns and produce a current that may not be
sufficiently high enough for the required load and/or
associated energy management system.
30
One specific configuration as shown in Figures 6c and 6d
appears to be well suited to driving a typical indoor grid
inverter having a MPPT range of 150+ volts comprises a
tile 10 having an arrangement of nine photovoltaic cells
35 14 arranged in a 3x3 series connected matrix and where
each base tile 100 carries nine series connected

photovoltaic tiles 10. Here the electrical connection



(b) the shape and configuration of the photovoltaic cells 14 as manufactured
and how the cells can tessellate on a carrier tile 12; and 35 (c) the effects of
shadowing on a cell 14. - 14 - For example, in the event that photovoltaic
tiles 10 in accordance with the present embodiments of the invention are to
be used to provide sufficient voltage to drivé a common indoor grid inverter, it
is appropriate that the 5 cells 14 be combined in a manner o produce a

maxi YBItagE ifithe ord8r 6180 VOIE" Cohsiderfor &xariple ¥ typichl ' 2°
off-thetshalpinifit-erystafineshctovbRaicicsll prodires £atdximunt ¥eltage of
apprexintatelyl.badfa volteEhe Cusreniqrodueed is.dependent dpoaithe Gize In
or area of 10 thegellyr Q{EQ%MQeQ%ﬁe'@é% él-8r9i_\i%|t5b el anungber, of gells,
14 need o be copnecled In seties, Indetorpining e best way, fo produce a
voltage o acﬁ)proximeft}aiC f§8 vo?ts%ne needs to consider trade-offs between:

15 (ii‘ﬁ%@ﬁf@lgﬁé@@aé&\?/ﬁﬁ%mo%’ltﬁefb‘é‘ﬁgtcjdh%e%%é@ iP&&fies Wiiich 100
may adversedy suffesfrone reduced power ovtputit oné cfthe seriestely 180
conneetegkcells dees aotseceive fulh dluminaton due tothesshadew eftect fie

due 20, g.shadaw cage by.g sutrounding building qrby, yirtye offoreian, .«
opaque objects stu_clh as é%avesl%nd/or bércgodg)(pooén%s; QQ havfln% a srgaﬂt}-:;r
Area oFBhotovbitaic Lelld RofiRatted a5 i $aried WRicH IS Tess afféctad by the
shadbw#seffédt Rsweler predides RigherdltageswHiRh may give rise to
safety concerns and produce a current that may not be sufficiently high

enough for the requirgdload and/orassociated energy management systesm.1 v
30 One specific configuration,as shown in Figures 6¢.and 6d appears io be
well suited o anvmg a?yplce]ﬂ indoor gri _ ,

15 voltage to drive the inverter in question. Other
configurations are also possible such as, for example, one
where each photovoltaic tile 10 carries ten series
connected photovoltaic cells 14 arranged in a 2x5 matrix
and where each base tile 100 carries nine series connected

20 tiles 10. 1In that event, each tile 10 produces
approximately 5 volts, and thus each base tile 100
produces approximately 45 volts, in which case four series
connected base tiles 100 are required to generate
approximately 180 volts.

25
In a further alternate, each photovoltaic tile 10 may
carry say 25 photovoltaic cells 14 arranged in a 5x5
matrix. In this case, each tile 10 would produce
approximately 12.7 volts and thus each base tile 100

30 having nine series connected photovoltaic tiles 10
produces approximately 114 volts in which case two series
connected base tiles 100 are required to achieve a 180

volt output.

35 In the above described configurations each photovoltaic
tile 10 comprises a plurality of photovoltaic cells 14.

This requires cutting and thus wastage of the cells. In a



inverter having a MPPT range of 150+ volts comprises a tile 10 having an
arrangement of nine photovoltaic cells 35 14 arranged in a 3x3 series
connected matrix and where each base tile 100 carries nine series connected
photovoltaic tiles 10. Here the electrical connection - 15 - system differs from
that shown in Figures 6a, 6b, and 7 as it r}r%vi_des a series connection
between each of the photovoltaic tiles 10 as depicted in Figures 6¢ and 6d. In

such 2 &5hfiduratibhBact basS tild 160 prodises ah'oltplit s voitge'se 2
approxXintately A vbIts apeca elfreht of approXiiidtely P25ass. Bypnnection
conneeting éive thaseptiles 300 together ineseries ancutputwoltage: ob s
Zggr%?gg@%%#%\é@%&@gpi@é(egn!i‘ %%_ghd!g@%e J:eihecha@dmslé nsions of |

X nmm then.the al’refl Or a roQt_reguire tlo ervlqer ra prOX|mate Yy
ORER b oches el e il ot

side. WisRo e’ GhHEEt08E, RBREVEFRAE this fs hot the 8nRPCorfituration ©
possite irraidertte lgerferatespfficidituis voltagé e deiverthelhyarterinl tage
questian aOtherscanfiglirations are alsg, pessible; sueh asc feexample; ones

where eachiphqtovgltaic fle 1q garries ten.serjgs.connecied photpvaltaicy, .,

cells 14 arranged in a 2x5 m6atr|x and where each base tile 100 carries nine
eries Lonnedted 20568 10°TH tatBuentSEatt tife 16'proahieesyce an
approxififatély B vbrgcand thwre eashhse!tle ML00 Frodites approsdifately £
45 vdlisp i which eage Four senes cohnected base tites 300 are pequived tage

generateapproximately 1801volts, 25 ha furthersalternate «each photauoltaic
tile 19 ay g]%r%( %aaySZS @pf)é%vcggaeic é:eellﬁ l:erfe%lrranged in a 5x5 matrix. In this
case, each fife 10 would produce appro%imate y 12.7 volts and thus each
base tile 100 30 having nine series connected photovoltaic tiles 10 produces
approXimateltl Bnpolid ire whicle Easé sworserfes-comyecte ddraseatile sckg;

are reguired te achieve=a 480 valt Qutputbe apparent to those skilled
in the art that numerous modifications and variations may
be made without departing from the basic inventive

20 concepts. For example, the carrier tile 12 is described
and illustrated as comprising a single recess 20 for
seating a single photovoltaic cell 14. However, multiple
recesses may be formed each seating separate smaller
photovoltaic cells. Further, the terminals 28 and 30 are

25 depicted as separate through hole terminals in the carrier
tile 12. However, in an alternate embodiment the terminals
28 and 30 may be formed concentrically with each other
whereby electrical connection can be achieved by the use
of a co—-axial single pin connector. Conversely, if desired

30 more than two terminals may be provided on a tile 10, for
example, two positive and two negative terminals where the
terminals of the same priority are connected in parallel
to the photovoltaic cell 14. This provides a degree of
redundancy in the event of the failure of one connector,

35 as well as providing greater mechanical coupling of the

photovoltaic tile 10 to a base tile 100.



35 In the above described configurations each photovoltaic tile 10 comprises
a plurality of photovoltaic cells 14. This requires cutting and thus wastage of
the cells. In a - 16 - further variation each photovoltaic tile may comprise a
single uncut photovoltaic cell. With a parallel connection between the
photovoltaic tiles on each base tile as d_er}igte_d in Figures 6a and 6b, but with
the banks 5 connected in series, each base tile would produce an qutput
voltage of Approfiftately"2 6Volts aHd cYﬁFeﬁtolf%rbsprBQi?ﬁatt%ﬁf5.“il§rtﬁp%FherS
Thustbchieve ansutpat voliggé of B ieast 3 Sufveltsiiorey Sef&s EbnhBcte
basedites are required. But withihelelectrical canpectioh asshonss2a4n
FigUf@év@é}q%@@ﬁdﬁ@@Q@&%é%ti@ﬂNQH@cﬁfopyC@oa%&Uéi@%teM%O%rom the
agopr%%gn\geteye%grviolt&%%d current of agg&og?aaltglg'&l amps. Thus to
achieve an output V(ﬁtage of at least T80 Volts one hundred and nineteen
series connected base tiles are required. 15 Now that embodiments of the
present invention have been described in detail it will be apparent to those
skilled in the art that numerous modifications and variations may be made
without departing from the basic inventive 20 concepts. For example, the
carrier tile 12 is described and illustrated as comprising a single recess 20 for
seating a single photovoltaic cell 14. However, multiple recesses may be
formed each seating separate smaller photovoltaic cells. Further, the

terminals 28 and 30 are 25 depicted as separate through hole terminals in

the carrier tile 12. However, in an alternate embodiment the terminals 28 and
30 may be formed concentrically with each other whereby electrical
connection can be achieved by the use of a co-axial single pin connector.
Conversely, if desired 30 more than two terminals may be provided on a tile
10, for example, two positive and two negative terminals where the terminals
of the same priority are connected in parallel to the photovoltaic cell 14. This
provides a degree of redundancy in the event of the failure of one connector,
35 as well as providing greater mechanical coupling of the photovoltaic tile 10
to a base tile 100.



- 17 - All such modifications and variations together with others that would be
obvious to persons of ordinary skill in the art are deemed to be within the
scope of the present invention the nature of which is to be determined from
the 5 above description and appended claims. - 18 - The claims defining the
invention are as follows: 1. A photovolt_ai&?ile_comprising: a carrier tile
having a first side on which is S}Qrov,ided a recess; one or more photovoltaic

cells 585tet fh'fhe FETes8! BAdS " A'EHVRT brateBverRjind the PRBtovoltaic

cells and sealed to the carrier tile; 10a plurality of electrical terminals coupled
to the. one ar moee photavaltaic telts anddthiaugly which electricity generated

by the photgveliaic cellsicanflow;,0ng of moreholesiin the cartientiles; the
egectrical tegn@ags beén%!;o_cated adjacent a 15 common hole or adjacent

rov eCel . . .
respéoctlvelh&es, wherein an electrically conducting fastener passing through
one of one or more photovoltaic cells seated in the recess;

and,
a cover plate overlying the photovoltaic cells and
sealed to the carrier tile;

10 a plurality of electrical terminals coupled to the
one or more photovoltaic cells and through which
electricity generated by the photovoltaic cells can flow;

one or more holes in the carrier tiles;
the electrical terminals being located adjacent a

15 common hole or adjacent respective holes, wherein an
electrically conducting fastener passing through one of
the holes is capable of both holding or fastening the
photovoltaic tile in a desired location or position or to
a support; and, allowing a flow of electricity from the

20 photovoltaic cells through the fastener.

2. The photovoltaic tile according to claim 1 wherein

the carrier tile is made from a plastics material.

25 3. The photovoltaic tile according to claim 1 or 2

wherein the carrier tile is formed by a molding process.

4., The photovoltaic tile according to any one of claims
1-3 wherein the photovoltaic tile when viewed from a side
30 provided with the photovoltaic cell has a slate-like

appearance.

5. The photovoltaic tile according to any one of claims

1-4 where in the carrier tile is of a slate-like colour.
35

6. The photovoltaic tile according to any one of claims

1-5 where in the photovoltaic cell is of a slate-like



the holes is capable of both holding or fastening the photovoltaic tile in a
desired location or position or to a support; and, allowing a flow of electricity
from the 20 photovoltaic cells through the fastener. 2. The photovoltaic tile
according to claim 1 wherein the carrier tile is made from a plastics material.
25 3.The photovoltaic tile according to claim T or 2 wherein the carrier tile is
formed bg a molding process. 4. The photovoltaic tile according to any one

of clafiPs 3 whereln 1fié photdvortaic tile Whieh Viewat fof & 3ife 36"

provitBa fith: thHe photstortaic 661l hasw skaté-like appearanbe e stTreagh the
photavoltaic tilecaceording to any one of claims 1-4 where in the carrier tile is
of a slate-like colour. 35 - 19 - colour, or alternatively is substantially

tansgarentf%her%in the upderlgi _carrier tile(ijsvisibcle througbh the £ claj
Shotaoltaid Lo FE 3T DretouOIaG (T SEESHy foans brd st JaimeTHe®

wheréintatlea&E bRe BdgedfthepRoffaitilei§ proditedttith Scdrved drs
roundech piofilé. wB.1The photovdltaic tilevactordirigrtoidry one of claims 10 1
to 7 wherein each electrical terminal circumscribes a respective hole. 9. The

photayoltaic-file agearding (o apy ope.ot.claims 4 1o § whereingach ledtrcal
terminal is in the form of 15 a ring made of electrically con uctlng material.
10 1 to 7 wherein each electrical terminal circumScribes a

respective hole.

9. The photovoltaic tile according to any one of claims
1 to 8 wherein each electrical terminal is in the form of

15 a ring made of electrically conducting material.

10. The photovoltaic tile according to any one of claims

1 to 9 wherein one or more electrical conductors are

provided to establish electrical connection between each
20 electrical terminal and the one or more photovoltaic

cells.

11. The photovoltaic tile according to claim 10 wherein
each conductor is in the form of a bus bar.

25
12. The photovoltaic tile according to any one of claims
1 to 11 wherein the electrical terminals are embedded in

the photovoltaic tile.
30 13. The photovoltaic tile according to any one of claims
10 to 12 wherein the electrical conductors are embedded in

the photovoltaic tile.

14. The photovoltaic tile according to any one of claims

35 1 to 13 wherein the cover plate is seated in the recess.

15. The photovoltaic tile according to claim 14 wherein



10. The photovoltaic tile according to any one of claims 1 to 9 wherein one or
more electrical conductors are provided to establish electrical connection
between each 20 electrical terminal and the one or more photovoltaic cells.
11. The photovoltaic tile according to claim 10 wherein each conductor is in
the form of a bus bar. 25 12. The phot6v8l9ai6 tile according to any one of
claims 1 to 11 wherein the electrical terminals are embedded in the

photovbitdic' tife” 30" 13 Thé photeViitaic Gl 8EE0rding t6 ah§ She of GaRMESA
10 totI2 fhegein thebsieetifced EoHdaEttTS afé embBedded 1t thé phbtsiitaic
tile. 14. The photovoltaic tile according to any one of claims 35 1 to 13

wherein thergQuerplatg,isiseated:n the J1eeess:ing 12 The phatovoitalq tilgns

ccording to claim 14 wherein - O-thefph%tovogaic cell. and th cgverglat
oo & Comb Fiktiots SUBSaRRal: coal b & darth st the racsed T8,

The piiotovBitaiiite Hccdrding t6AHRF oRe Bf Tlaiins™5 15015 Whlehéin a2t -

surface of the photovoltaic tile which is provided with the cover plate is
subsmmie_alIyﬁ@tpaatérmlmqt@yaﬂa?@ tja_le@szﬁ@mi@gtt@ moea@f@faimsgllﬁ@
14 whergin the cover plate,gverlies and s 10 sybstantially, goteyminous with
the carrier tile. 18. The photovoltaic tlle,a%?oggllng to claim 17 wherein the

1 tantdall * Cide
BhotdVbIaiE 86l hns’a tickASsd SUSstAntially Bqualts of fess'than a depth of

the recess. 15 19. The photovoltaic tile according to claim 17 or 18 wherein
the elettricaliterminals are sandwichied betwedn ithe carkertile and ilrecever

plateche photovoltaic cell has a thickness substantially equal
to or less than a depth of the recess.

15
19. The photovoltaic tile according to claim 17 or 18
wherein the electrical terminals are sandwiched between

the carrier tile and the cover plate.

20 20. A photovoltaic tile comprising:
a carrier tile provided with at least one through
hole electrical terminal;
one or more photovoltaic cells supported on the
carrier tile; and,
25 an electrical conductor for each electrical terminal
wherein the or each electrical conductor provides
electrical connection between respective electrical
terminals and the photovoltaic cell; and
wherein the electrical terminals and at least a
30 portion of the electrical conductors is embedded in the

photovoltaic tile.
21. The photovoltaic tile according to claim 20 wherein
the photovoltaic tile when viewed from a side supporting

35 the photovoltaic cell has a slate like appearance.

22. The photovoltaic tile according to claim 20 or 21



20 20. A photovoltaic tile comprising: a carrier tile provided with at least
one through hole electrical terminal; one or more photovoltaic cells
supported on the carrier tile; and, 25an electrical conductor for each electrical
terminal wherein the or each electrical conductor provides electrical
connection between respective electrical ferminals and the photovoltaic cell;
and wherein the electrical terminals and at least a 30 portion of the electrical
condjefors 1€ ehfiedddd ijnefﬁetﬁ&&o%/altgi%ot‘ﬂé@edszEl‘H"e photovoitaic tile
accordingto EldinP20 vwwiverkirm iife pRétovbttaic ilrowhed viewed from a side
supporting 35 the photovoltaic cell has a slate like appearance. 22. The
photovpltaicfile aecarding to,¢laimi2Q of 24 2rwherein the cagrier tileds
Providsd with.g fecess Inwhieh the photovolialg ¢l fs supported, . 25 The, )
p otovoltaic tile gccordlng to galm Zf}/urther% cgmprlsiﬁg a cover pﬁate
overlajingithdhotoboltdie CEiFand sehledto the carrier tile. 24. The

photovoltaic tile according to any one of claims 10 to 12, 22 and 23 wherein a
distabend of sachgld elegtrieal iconductoisdree and exiends intodthereeessms

10 to 12, 22 and 23 wherein a distal end of each

10 electrical conductor is free and extends into the recess.



