PHOTOVOLTAIC TILE ASSEMBLY Field of the Invention 5 The present
invention relates to a photovoltaic tile assembly particularly, though not
exclusively, for use on a roof of a building for converting solar energy to
electrical energy. 10 Background of the Inventlon It is well known to use solar
panels mounted on a roof of a building to prowde electrical energy to
supplement the energy neelglﬁoqlf&t}gﬂﬂlfl@gﬁﬁ CFAB ﬁﬁqre fitted to 15 an
existing roof over the existing roof covering. That is, t e panels do not in
themselves replace or act as a waterproof covering for the roof. It is also
knowrEtoedohstfudtiphotoveltdic dites that can 20 also act as a covering for the
roof itself. One example of such a tile is disclosed in International publication
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base tile and a face tile, A 25 cavity is formed etween the base tlle and the
face tifé“for s}%aﬁnaarﬁﬁSPov%ﬂaYd céﬁmﬁ%e il has Spposedside marging© °°
that alfow Sitfe BY stle*Bagademertof tikes &5 bicvidE Warerirodf fing ©
between ¢ites iicthe samegpw. Waterproofing between tiles in vertically
adjacent rows is 30 achieved in a conventional manner by overlapping an

Q)oerjgortkon of a ower t%e Whr]lvaerllotwer portion of an upper tile. This
specif mﬂvﬂ—a?sc—%mbes-rhe-prom of predrilled holes within the tile to

receive nails for securing the tiles to a substructure. 35 no. WO
2005/045328.7F1is specificationudisclosésa tilercomprisingtadase andraof of
photowltaia laminate coppectetbtelectrical energy to supplement the

energy needs of the building. Such panels are fitted to

15 an existing roof over the existing roof covering. That
is, the panels do not in themselves replace or act as a

waterproof covering for the roof.

It is also known to construct photovoltaic tiles that can

20 also act as a covering for the roof itself.

One example of such a tile is disclosed in International
publication no. WO 00/30184 which describes a photovoltaic
roof tile composed of a base tile and a face tile. A

25 cavity is formed between the base tile and the face tile
for seating a photovoltaic cell. The tile has opposed
side margins that allow side by side engagement of tiles
to provide waterproof joins between tiles in the same row.
Waterproofing between tiles in vertically adjacent rows is

30 achieved in a conventional manner by overlapping an upper
portion of a lower tile with a lower portion of an upper
tile. This specification also describes the provision of
predrilled holes within the tile to receive nails for
securing the tiles to a substructure.

35
A further example of a photovoltaic tile that can act as a

roof covering is disclosed in International publication



the base. Each tile has lateral protrusions to engage laterally adjacent tiles to
provide lateral waterproofing. 5 Waterproofing between tiles in vertically
adjacent rows is again achieved in a conventional manner by the overlapping

of an upper tile with a lower tile. It is to be understood that, if any prior art
publication 10 is referred to herein, such reference does not constitute an
admission that Hie publicatian forms a parLof the common, general., , ;1
knowle(?ge In the art, in Australia or any other country. r115. ummary of the
InventfSiRECSrHig To AiSt a80eét 6Fthedrvéhtidn tHer iR rovidedgcted to
photovditaibtikcassérmbly comprisig: ebase lileohavingsdatdeastonesotide
regionithreugh 20 whigha mechanicalfasiensr isidrivender fasieningtheofing.
base tile ta An.underlying support stryeture;, . Qne oL morecoyerdiles eagh ;.
having a photovoltaic cell and electrical o_ut[%ut terminals, the or each cover .
tile reléd5aBly ¥onhected t6'the HRBE TS t6Covel tHE'S5 pase s iRt Y7
the or @AchTsolieRepidh; dnd!1 th #tilkesuplinglSystem providing waterproof
coupling between adjacent tiles, the tile coupling system comprising laterally
extending fangyes cunhing.aleng enenside ofeachtileand alongitudinal o« 1 on
grgove Lunning,along 30 Qne other side,of the tlle adiacent fo the tongue the .
tongues and grooves and coneflgu’re so as to engage with grooves and

tongué résPRLtiveR of &djacERE RSO fofh '@ Waterptdof sEaftherdbétifeen.

a basectilrvaving et fedstorme selid segionttheougty which Aumechanicabr any
fastenet iss@drivenfarfastening the base tile to an underlying structure;

one or more cover tiles, each cover tile having at 5 least one photovoltaic cell

air%d electrical oug)ut terminals; and,
Summary of the Invention

According to a first aspect of the invention there is
provided a photovoltaic tile assembly comprising:

a base tile having at least one solid region through

20 which a mechanical fastener is driven for fastening the
base tile to an underlying support structure;

one or more cover tiles each having a photovoltaic
cell and electrical output terminals, the or each cover
tile releasably connected to the base tile to cover the

25 base tile including the or each solid region; and,

a tile coupling system providing waterproof coupling
between adjacent tiles, the tile coupling system
comprising laterally extending tongues running along one
side of each tile and a longitudinal groove running along

30 one other side of the tile adjacent to the tongue, the
tongues and grooves and configured so as to engage with
grooves and tongues respectively of adjacent tiles to form

a waterproof seal therebetween.

35 According to a further aspect of the present invention

there is provided a photovoltaic tile assembly comprising:



one or more electrical connection posts supported in the base tile, each
connection post having a first end for electrical connection with an output
terminal of a cover 10 tile, wherein the first end penetrates through the cover
tile to further provide mechanical attachment of the cover tile to the base tile.
According to a further aspect of the pres_en% invention 15 there is provided a
photovoltaic Ui assembly comprising: 2 base fil;,.. _ one,or more cover fles,,
attached to an upper surface o the' base tﬁe, t%e_or each cover Hleoh_avmg a
photoVBH=iE cell it efettifcal Gltp Gl erminals anar26an eféctkicarn9 the
connettier system emablingrelectticahconnecticry between cover tiles of the
same or diffesgst base diles, e electiicakcornedliaibsystent compuising; at

a plurglity of electrigal connegtion posts supperted.in the hase tile, gach post
having first and second ends, 25 the first end being configured to electrically
conné]EtevrvrﬁﬁnaanlSl’Jtp%Wérminal of a cover tile; and, one or more electrical
connection t{5Es, EactPilbRaFiRG it dpEAT IO -éngade ahel frovife-ted in
electricalecaonnectionlwith ¢helsecondeendi ohapost, ard end conmieciorssatl for
each axjalend 3Q:0fthe tube the endconnestars configured fa psevidecover
elgetrical connection betwoen.ends of adiacent fiiges: Acqording to g further .
aspect ofl the invention there is provic?e ah electrical connectio system for

providing'85 efetHEAPESnRERIBH BefifeeiT firdt A PSECSHTaBYiCRS, tHE cover
electritallcorection $ystemtédmprising:

According to a further aspect of the present invention
15 there is provided a photovoltaic tile assembly comprising:
a base tile;
one or more cover tiles attached to an upper surface
of the base tile, the or each cover tile having a
photovoltaic cell with electrical output terminals; and,
20 an electrical connection system enabling electrical
connection between cover tiles of the same or different
base tiles, the electrical connection system comprising:
a plurality of electrical connection posts supported
in the base tile, each post having first and second ends,
25 the first end being configured to electrically connect
with an output terminal of a cover tile; and, one or more
electrical connection tubes, each tube having an opening
to engage and provide electrical connection with the
second end of a post, and end connectors at each axial end
30 of the tube, the end connectors configured to provide

electrical connection between ends of adjacent tubes.

According to a further aspect of the invention there is
provided an electrical connection system for providing
35 electrical connection between first and second devices,

the electrical connection system comprising:



at least one electrical connection post, the or each post having first and
second ends, the first end configured to electrically connect with a first
device; and, 5at least one electrical connection tube, the or each tube having
an opening to engage and provide electr_ic%l connection with a second end of
respective posts, and end connectors at each axial end of the tube, the end
connectors cogfiguredﬁto electri'callé/ connect with egd 10 connectars of an

. a cas one ele rica onnectlo ()] or, ach
adjacent tube wherein a second device canbe electrically confiected with the

end cOHEctOPSt-atubé aid thetelsy efitdricaRP cotRécted with TRE first
devicecdineloperiagtin eachctubecmayycomprisea fongitudingl stot IEforce;
receivingdthe second end of a post, the longitudinal slot being open at least

onge end of the tuhe, Howgyetinan altetnate embodiment, the longjtudipal, , .,

slot opens onto hoth ends of the tube. 20 The opening may. further comprise

at least Ohe SECONTary SIGEEERTIng roRT oy tuaiTal 516t the oF each®
secondanrsiet E6Rfigidd o rrenNEandbrovidecseetical tonpeetfion With end
the second enidoofsa sespectivespast] 25rnFhe fubgmayufurthertcomprise a first

Conduﬁ&ﬁgﬁ‘é@%‘%@g&ﬁ{%@?%&ﬂ&MQ%QQ%IOE%QHQQEQM@Q%M
cquiled with g first group of secondary slots, and a second conductor . .. .,
extending I%)etween res%eéctlve &nd connectors and 30 electricall coque
with a’38cBh8 Yrolpof Second a6t Witereth fﬁbefifs‘f%n%oélé‘&ﬂﬁfﬁoﬁéuéto@be
are electricalheisolated frornraach dther onrEadtetubel tfaythe fdrthert provides: -
with complementary 35 couplings at each end to enable mechanical coupling
betwegp adjacentiybes. e base Ul mayneproved with o Pl of e o
qq#es %xten in E)er,penoggular to a %Ianedof t?e tile, e:%ch lee (illmensm ed
refative 16 an electrical conneltion postso °- & PO5H ©

slot being open at least one end of the tube. However in

ongitudinal

an alternate embodiment, the longitudinal slot opens onto
both ends of the tube.

20 The opening may further comprise at least one secondary
slot extending from the longitudinal slot, the or each
secondary slot configured to receive and provide
electrical connection with the second end of a respective
post.

25
The tube may further comprise a first conductor extending
between respective end connectors and electrically coupled
with a first group of secondary slots, and a second
conductor extending between respective end connectors and

30 electrically coupled with a second group of second slots,
wherein the first and second conductors are electrically

isolated from each other.

Each tube may be further provided with complementary
35 couplings at each end to enable mechanical coupling

between adjacent tubes.



as to receive a post with an interference fit with the 5 ends of the post
protruding from the hole. Each electrical connection post may be provided
with one or more circumferential recesses configured to receive a
corresponding protrusion formed in the hole. 10 Brief Description of the
Drawings An embodiment of the present infvention will now be described by
way ofgxample oplywith refarence {0 the accompanyind drawings jp which:
15 Figure 1'1s a section eFeX/atlonpwew of a base tile ir?corpora_te inan
embodiftieiit bf @pR6tovoRdictle Hssetnblyih Hieordarncs with'the resentole
inventibnnéiguren2 ds a4dp teleation vieve bfthHe basé tileshewniin2@Rigbre o
1; Figure 3 is asestion eleyation view, oha cavestife ingarporatedvn the the
photovaltaic file assembly; Figure 4 s A Jopelgvation yisw of the cover tile
shown in Figure 3; 25 Figure 5 is a lateral section view of the photovoltaic tile
assembly Figuré 6 ig%“fgrﬁﬁ%\%é’r% SettiohVieR ofthe phstoveItaie (i8e °*
assenible Figire 7 fF §SeheatiRCrepreseftibhfad efettiicalsoe 2
connectiam post intongorated i she photevaltaid tilec assembdy;

10 Brief Description of the Drawings

An embodiment of the present invention will now be
described by way of example only with reference to the
accompanying drawings in which:
15
Figure 1 is a section elevation view of a base tile
incorporated in an embodiment of a photovoltaic tile
assembly in accordance with the present invention;
Figure 2 is a top elevation view of the base tile shown in
20 Figure 1;
Figure 3 is a section elevation view of a cover tile
incorporated in the photovoltaic tile assembly;
Figure 4 is a top elevation view of the cover tile shown
in Figure 3;
25 Figure 5 is a lateral section view of the photovoltaic
tile assembly;
Figure 6 is a transverse section view of the photovoltaic
tile assembly;
Figure 7 is a schematic representation of an electrical
30 connection post incorporated in the photovoltaic tile
assembly;
Figure 8 is a perspective view of an electrical connection
tube incorporated in the photovoltaic tile assembly;
Figure 9 is a plan view of the tube shown in Figure 8;
35 Figure 10 is a section view of a tube shown in Figures 8

and 9; and,



Figure 8 is a perspective view of an electrical connection tube incorporated in
the photovoltaic tile assembly; Figure 9 is a plan view of the tube shown in
Figure 8; 35 Figure 10 is a section view of a tube shown in Figures 8 and 9;
and, Figure 11 is a section view of a portion of a cover tile shown in Figures
3 and 4. Detailed Description of the Preferfed Embodiments 5 Referring to
the accompanying drawings, an embodiment of a photovoltaic tile assempl
(horot e o e o ae e InSngr) 10 A Ao b base N1 e

having®aCi®ast Bné(@RESA tRisdpatticular embodiment, four) solid 10 region

14 through which a mechanical fastener such as a nail or screw is driven for

fastening:-thelbase fila-12 10 asnunderying steuciure-sUchBSs & reafisiructure.

It is envisaged that the solid region will not necessarily be predrilled or

formed with holes for the mechanical 15 fasteners to allow an installer to

select Té beSt ibtationTor the FaStRRRYS. HHoWed&r 5 vatiatioh ot thig™ "t °f @

embodiRfErt 6hE-6r- moré stchI6ies tan (be fermed Crie BREeRTY 1o°further

comprisascane ta meracdgver tiles 2ehie each havwiaga phdtevoklaicacelhi8at

for COFD(%(HEQ &Q%V(%@l%{%ﬂlr\@l@@%ﬁ@% Jx(l;@age%l%%cgﬁrﬁﬁéﬁ%e,s @B@ﬂlg(;[éi@lid
rent that is available at.positive and_negative_output terminals 20a

T O ok T B ot (el

25207?a11 or screw is driven for fastening the base tile 12 to

an underlying structure such as a roof structure. It is
envisaged that the solid region will not necessarily be
predrilled or formed with holes for the mechanical

15 fasteners to allow an installer to select the best
location for the fasteners. However in a variation of

this embodiment one or more such holes can be formed.

The assembly 10 further comprises one or more cover tiles
20 16 each having a photovoltaic cell 18 for converting solar

energy into electricity. The cell 18 generates an

electric current that is made available at positive and

negative output terminals 20a and 20b respectively,

(hereinafter referred to in general as “output terminals
25 20").

Two forms of cover tile 16 may be provided. In a first
from of cover tile 16 the cell 18 is provided on
substantially the whole surface area of the tile 16 except
30 the portion of surface area having the output terminals
20. In a second form of cover tile 16 about one third of
the surface area immediately below the output terminals 20
is left blank (ie without a photovoltaic cell 18)so that
only about the lower two thirds of the surface area of the
35 tile 16 is formed with the cell 18. As explained in
greater detail below in the tile assembly 10, the cover

tiles 16 overlap by one third of their surface area with



Two forms of cover tile 16 may be provided. In a first from of cover tile 16 the
cell 18 is provided on substantially the whole surface area of the tile 16

except 30 the portion of surface area having the output terminals 20. In a
second form of cover tile 16 about one third of the surface area immediately
below the output terminals 20 is left blank (7|e without a photovoltaic cell 18)so
that only about the Jower two thirds of the surface area of the 35 tile 16.is

formeq bt e Cell 10 S o PIAmbl it oty LAl i B af Fu Ly
assenfbRP 18 the’Bovér fifes 16'6Gerdp By orie third of theif sliftace areawittP ™
the firstrfdrmasf cover titler 46 Being dippermost andfatly expesedwiitethe
underlying tile 16 is of the second form and has the upper third of its surface

area coygred, . The cover flles, 16 areglectrically and meghapically coupled

to a corres ondin% base tile 12 by electrical connection posts (hereinafter
referred 18 ihgerictal a Qf)ﬁ%tsspféﬂ.l?ﬁebpaoss?s Solre upPorted Withiy the
base tleT2e4id PRAVE IS Tifst el 24 HRat contaefsowitRhrfeP10 progidesal as
electricalcconnection.withtespective aatputderminats 260fva cover tile<lGdne

addition; the first end 24, pengtratessthrough thecoyer tilg, 1840 Provide ang
q\gchanica a tachrgg@ttgf. the][cover tile to the batsg tile 12. %si%plginced '%n
2

greateT detail below particularly 15 with reference to Figure 6, each post

also ha§ J'Secoritl énd 26 that 7 8fectriddlly'€ouplél B4 -Elettricdle First
conneetion e 28<that facilitbtes theeleetrical coupting<of the tcover ¢l 46 to
a powekmanagementsystemeotshown) whichrmayliacludetsteragsse tile

batterigs. 20L.00king at the;companents of the assembly, 1040 more, detail,
thg base %Le 12 1S %&lcall)é in %he confl%uratlor}qof a SC]U?I’ZG p ate i‘havm a 4
61anarwa‘iLn stibstan |aﬁ§ co%tinlljgﬁgeupp’eres%? AcR30. The coﬁﬁnuﬁ‘fo the ©°"

upper 25%uiface30 id ntehepted ey By BReekichsion ot tise posts 221
throughctheessurface 80k a2diredtion perpendieulars tathke planeofithelsurface

30. TheRests 22 ake inthis.enbodiment agranged intwa-pakallel ines«Asystem

eXp'a"F%E“ ré'if‘]%rwb‘?'ow Awaterproof seal is formed 30 about the posts 22

vg%ere Hey exten hrougﬁ the Surface 30.
Looking at the components of the assembly 10 in more
detail, the base tile 12 is typically in the configuration
of a square plate having a planar and substantially
continuous upper surface 30. The continuity of the upper

25 surface 30 is interrupted only by the extension of the
posts 22 through the surface 30 in a direction
perpendicular to the plane of the surface 30. The posts
22 are in this embodiment arranged in two parallel lines.
As explained further below, a waterproof seal is formed

30 about the posts 22 where they extend through the surface
30.

An under side 32 of the base tile 12 is formed with a

plurality of walls or ribs dividing the underside 32 into
35 a number of different sections. In this particular

embodiment, each of the four corners of the base tile 12

is formed of solid material creating the solid portions 14



An under side 32 of the base tile 12 is formed with a plurality of walls or ribs
dividing the underside 32 into 35 a number of different sections. In this
particular embodiment, each of the four corners of the base tile 12 is formed
of solid material creating the solid portions 14 through which a mechanical
fastener such as a nail or screw can be driven. A pair of parallel walls 34
exteno]C etween o Igogitg side%BG an 3§ a%‘ the baseulc%agg in part tlorgnra

boundaryr of the solid porticI)nnesC 4"the base § ?Lﬂlr?ﬁerscompnsezé1 aHSIlurallt of

furtherfwaftg’ 4@aékt€ﬁdﬁf@iﬁ{§|‘bendzfcl§13?fo fHe RAN8 BLand WHich dfsg>tend
boundirespectivesidesioktheistlel portioms B4 Tie Wadlskt® extehdabetween
respegiiveradjaeentsides#2 and 44 ehthesbase tife,12 ancktheanearass walk e
34 Bydhis 10 configuration, teinder g Szofdhedase 1245 formed with
compartments, 46 adjacent the sides 42 and 44 and a larger central
compaerﬁ%%H?ﬁ@%ﬁérc%%“ﬁéﬁﬁ%eﬁs 28 and 489may be lettSs htifiSd Vo,
15 HoRevef itis envisaber] thettife ebnipartrhehisl4Buill tomtaih‘ therhsal
insulatierl atéfiaband the lcompantment d8anay < ptidiallyrcontainean 42 and
electrigal pawer starage means stch,as a battery sOwith any remainiig tnis
space in the void, 48 filed with insylating material, in the event 20 thatthe .,
battery Is notginc?udle(f'the entire compartment can be filled with therma

insulatiort atefBR By Brovisioh GFth tRBmAalmstiatiiy Maténdl the rase 2
tile 12 isabfertopeifor arrimsufatiom furction. This function may additionally
or alternately be provided by 25 using a thermal insulating material to

manufacture the Dasetile 12 The walls _%%?n@éolg@éfﬂéoﬁ?fﬁﬁolvé@e@%% :

I?%gltudlrgglveextegdlng recesses fo[jset:%tér%g tgle cggrqecgon é%):es ég 'Vl;htfl

tuBes 28'5r8%f & Feng?h equaf?gﬁ}e Fecess inthe Was 3%4aHd 40 in Which

theyaﬁygggéaKﬁtthermal insulation material and the compartment
48 may optionally contain an electrical power storage
means such as a battery 50 with any remaining space in the
void 48 filled with insulating material. 1In the event

20 that the battery is not included, the entire compartment
can be filled with thermal insulation material. By
provision of the thermal insulating material the base tile
12 is able to perform an insulation function. This
function may additionally or alternately be provided by

25 using a thermal insulating material to manufacture the
base tile 12. The walls 34 and 40 may also be provided
with longitudinal extending recesses for seating the
connection tubes 28. The tubes 28 are of a length equal
to the recess in the walls 34 and 40 in which they are

30 seated.

The assembly 10 also comprises a tile coupling system for
providing a water proof coupling between adjacent tile
assemblies. In this embodiment the coupling system

35 comprises a laterally extending tongue 52 that runs along
adjacent sides 38 and 44 of the base tile 12. Each tongue
52 is further provided with a longitudinally extending



The assembly 10 also comprises a tile coupling system for providing a water
proof coupling between adjacent tile assemblies. In this embodiment the
coupling system 35 comprises a laterally extending tongue 52 that runs along
adjacent sides 38 and 44 of the base tile 12. Each tongue 52 is further
provided with a longitudinally extending rubber seal 54. The tile coupling

system also comprises complementary grooves 56 extending.longitudinall
o SUCEt Shiss 56 and 4B of s R 13 A praore o e Yes

tongueSBR HitPGIcIVESHS ehablea Tifd 888eribly 870 o Bé Kohhectediifa
waterproof prarner igteall J6ursides 20 other idesticali fike dssemblies 2OOWItH on
particular referencesiotiguresss6 gndofidbcan bensear thal eachepasts2is v

the form of 3 tybe having ans19 opening at e first end 24 forreceiving an
end cap.in the form of a rubber %rorgme_t 58. The en(fiL ca olr grommet 58 is
formed£ of aresflient aterial SUcH as rubber ARt retaingd in the end 24 by

one or both of an interference fit and the use of adhesives. The post 22 is
itself niade 15aoftar electricaliecenductive matenialssuch as steel or staintess be
steel anckis formedawith ajRair of sirgumfetential andraxially,spaged apartn

grgoves ar recessgsé?%%con uctive nggr62r|es electrlcallgnanedn d cap in

mecha?rﬁggl%;(?o&ple & end 38512 he recesses 60 receive

correspBRdiry Pratfusions firied TP HE hofes formied ififthe Baseile PTG
which #¥e postso22ate diserted.SThe protrosions and grodvessorredesses 60
are arrangethtesform anvatenproaf seal 2bcbetween rach post 22tand dience

base tilg 12, More particularly, the posts. 22 are,pushed into coresponding, ;g
ri:lcges in ffthaenbaetsle tllte 12 ?S?f{)at the end 24 protrudes from tma surface 30 to
t 3 ectrica.

ereby facilitate connection Wit the %E%rGtiFéaf&r While the énd 26 E‘)?gt%u&é:s

into thetainless steel and is formed with a pair of
circumferential and axially spaced apart grooves or
recesses 60. A conductive spring 62 is electrically and
mechanically coupled to the end 26.

20
The recesses 60 receive corresponding protrusions formed
in the holes formed in the base tile 12 into which the
posts 22 are inserted. The protrusions and grooves or
recesses 60 are arranged to form a water proof seal

25 between each post 22 and the base tile 12. More
particularly, the posts 22 are pushed into corresponding
holes in the base tile 12 so that the end 24 protrudes
from the surface 30 to thereby facilitate connection with
the cover tile 16, while the end 26 protrudes into the

30 recess formed in the walls 34 to enable coupling with

respective connection tubes 28.

Figures 6, 8, 9 and 10 depict in more detail the nature of
the electrical connection tubes 28. The tube comprises an

35 opening 64 to engage and provide electrical connection
with the second ends 26 of respective posts 22. Each

opening 64 comprises a longitudinal slot 66 which, in this



30 recess formed in the walls 34 to enable coupling with respective
connection tubes 28. Figures 6, 8, 9 and 10 depict in more detail the nature
of the electrical connection tubes 28. The tube comprises an 35 opening 64
to engage and provide electrical connection with the second ends 26 of
respective posts 22. Each opening 64 cbn;hgrisTes a longitudinal slot 66 which,

in this . 19; gmbodiment extends for e entire lenglh of the-tuhe 28, g,
together wit aprlluraﬁtyo secondar s?ots § that extend from the

longitddiFaI=16t 681 FHe Seebhbiary sibts 685EUinprss A firsPlehdth 70 Hat
extendsiread dircumfarentialnditgctibin ahdsa second lefgth 72 thatextendsots

in the axiat difpetien. the segonddengih 72 temainates ha<ircular portion
74; Eleqtrical gnd connectars 76.and 78 %'@?ollp@vé%%%ﬁ‘&eﬁgﬁgl&%a%@' endof

a connection tube 28 to enable end to end electrical connection between
adjacent WibeS 287 It this F84ard, 18 End-Corinectors 76 THAY be i%h fofm
of sprih§1daded oF bidsed fidl€ plags ileithe efftt connectors 78 may be in
the form of female sockets. The male plugs 76 15 can be retracted to be
substantially flushiwith dhe agiacant.endsotits coegpanding tube28 dubngn
ingtallation, of (e base e, 12, and sybssguenty pe extended by spiing..
action into corresponding sockets 78. 20'A first conductor 80 connects one of

the en@'&inectars 7610 0nE T thBEMtF EBnAECTS 78 andPafso’Srovidés this
electricalogouplingwithedgrouprefthersecondary stetsias. Similarly acdecanding
conductes 82ipravides electricalcaimnegtionrhatweststhenathes ensk-tors 78

connegtars /6 1,78 and=23 fp g;secqnd aroup ofthe seaqndary Slots 68,5 76
V\ﬁgre par |cglearg the con uctorls? 80 a%d 82 Rrovie ctrical ciotwe&tllon to
a

ide el
an 2tracted € s s stantla.q..éaus W e ..
ernate’ slofs 68 which are efec rlcalllly connected wit positive and negative

terminafs} 208 2indcP05 oP the PV €6l $8PTRESTA et the pbsitve

installation of the base tiles 12, and subsequently be

extended by spring action into corresponding sockets 78.

20 A first conductor 80 connects one of the end connectors 76
to one of the end connectors 78 and also provides
electrical coupling with a group of the secondary slots
68. Similarly, a second conductor 82 provides electrical
connection between the other end connectors 76 to 78 and

25 to a second group of the secondary slots 68. More
particularly, the conductors 80 and 82 provide electrical
connection to alternate slots 68 which are electrically
connected with positive and negative terminals 20a and 20b
of the PV cells 18. Thus in effect, the positive

30 terminals 20a of each of the PV cells 18 is electrically
coupled with the conductor 80 while the negative terminals
20b of each of the PV cells 18 is electrically connected
with the conductor 82.

35 Each of the axial ends of the tube 28 can be formed in a

manner to facilitate mechanical coupling with an adjacent



30 terminals 20a of each of the PV cells 18 is electrically coupled with the
conductor 80 while the negative terminals 20b of each of the PV cells 18 is
electrically connected with the conductor 82. 35 Each of the axial ends of the
tube 28 can be formed in a tube. Ideally this will be by way of an interference
fit, or "click connection” between adjace_nt]t&bés 28. ltis envisaged that the

base tiles 12 will be provided in 5.packs tagether with a pack of mmets 58,
with th{:euz)(i\ier_t#ese i%ﬁgro%?l&esd ffll%aelp%r%te avéf{g. SF?) iﬁgtaﬁr%ﬁggtl e T°F f81t'
assentblieso 6 thet86Ffrafie sﬁﬁ&ﬂ?@?@}?ﬁéfﬁ%& EEk(ﬁﬁ’th%%t the

grommets 58) are 10 inserted into corresponding holes formed in the base
tiles 12 soithat the ends 24-protrude-beyerd the surfage.30 anddhg.endsi2é in
pr@”‘g@%&@ @8?‘89%%3%5?{QV%%%%TQ@}G%%PH#@Q@”% 84 and A0, Next an.

individual base tile 12 is attached to a roof structure by hammering nails

through'15 the Sofid Porichs 14. Redpettive RoRh&ction tubes 28 are then

placed in the recesses in the walls 34 and 40 with the ends 26 of the posts 22
located dn thes skots 66nand aligned swithbihe secondarytslots-68 £The dubes are
then ratated andslidqo lpgk themin place with the-ends 26.0f2Q the posts;22
engaged.in fespedtive ciraylar portions, 74 and.the-spring 62 pressing.on an; .
under surface of the circular portion 74 to facilitate electrical contact with a

correspondihg Eanditor 80°6T 82 25 Thid'prodessiedhéh Tepeatetfortheand
next atfacentHasetilen; wiieh lafter thespaostsZBhave beencinserefdsmed
pushedup-against the previauslydaid vase tilen12 soithatthe tongue b216f 12

one of the hase files is received in the grogye 5@?‘1{&%@??59%2%&% 12 r ough
Dgrln We 30 1ns allation of the gonnectlon tube 28 in the adjacent tjle th
Yl s 72l j 5

male plugs ofe tube rrhsay be reffaciedwhile thé %%%%%%%n%ﬁ &2 gf are

the adjdteht badesile 12 iShotaRadAfs plate. THerdaftertheplegd 76 will th

mate witle aeddextendanto-the female sotket 78tassumingheorséctt3s 66 and

alignment of the fubes 28.0fdbepreviously lid apd adjacenttilsss are then
rotated and slid to lock them in place with the ends 26 of

20 the posts 22 engaged in respective circular portions 74
and the spring 62 pressing on an under surface of the

circular portion 74 to facilitate electrical contact with

a corresponding conductor 80 or 82.

25 This process is then repeated for the next adjacent base
tile 12, which, after the posts 22 have been inserted is
pushed up against the previously laid base tile 12 so that
the tongue 52 of one of the base tiles is received in the
groove 56 of the other base tile 12. During the

30 installation of the connection tube 28 in the adjacent
tile the male plugs 76 of one tube may be retracted while
the connection tube 28 of the adjacent base tile 12 is
rotated into place. Thereafter the plugs 76 will mate
with and extend into the female socket 78 assuming correct

35 alignment of the tubes 28 of the previously laid and

adjacent tiles.



- 12 - In perhaps a simpler installation process, the base tiles 12 may be
assembled to include the posts 22 and the connection tubes 28 prior to being
fixed to the roof frame structure 14. In this process when the next tile 12 is 5

laid an installer need only engage the tongues 52 and groove 56, and the

male plugs 76 with the female sockets 78 fior to fixing the next tile 12 to the
roof frame strctyre 14, Once the base tles, 12 have been, aid and secured jo
place 0 the cover tifes 16 are simpﬁ/ 8I|ppedlontoptrr1e corrésponding base

tiles 12 by PuisHifig i€ ENasH Hitotigh cttredptnding holes fatted ifthe
cover tilenh@ andathehyhgshing tive gromirets<s8 intd theends 24 of tive postsame
22. Thesehles €otrespond with $he putputdenminals 20 okthe 13 cevertiles

16, As,apposite ends of each pidhe gonpectipg tubes 28 arg inelesyical y

contact with each other by virtue of coupling of the connectors 76 _of one tube
with th& Shivectdrs 78t a}heaaﬁ%%:%n%)t@r?es, elctiical’ coRfe o iprovided
contindSusyiteng @ath 2@ fowtst tie ASsémbsties2L G ElekficaP ebnhgetien

can then:hecprovided with an adjacent row by use of similar tube connectors

2|8 Si&iﬁgéndt!f%e%%%fgiminﬂ?%\é{@#s 8@&?@?8“%@-%@%@&‘;%§place
tiles 16 are dimensio and configured to vertically overla ch other by
a%t?out%}ﬁg third of thel{\}fes%rﬁgceaarr%asalén nig trcaldﬁﬁ r%éj(lj s%r}r%éple%%retile roof so

that a fSWerpatioNororé fife bveidps anUppetPortien dia Féfticafly through
adjacemtbut sowertiles Further, ddowed 30mpdrtionwiz lowestcover diel 18hom
a partipulat hasertile lz-wilheverlag anntppemporionofan upperaosbever 22 .

tile 16-gn.a vertical adjacentout lgwer hasefile 1.2 Additianally the.coverffles,
%WI” be made, flrgrsn \{\/gter %roof materials. Accordpgel% trgle cgv?%tlles 16,

laid in 35 this 1r:n%anner, will in esﬁé)gtpﬁr%%/ltc?e 8%%%9% water poroo aéyer for the
roof stAREOFE AntadditieRalthefnal ifsutatiohT 123~ ASdepicted i Figares
5 & 6 thehlewerportion of eathdiderestsson andhis cushienec by thé lingé afne

grommetso8,0f the-uadedyingaaves tiles 46. maddiion.when attaching the

Coverg%gég%f%gﬁm%%ﬁwgég%%g“%%O%rovided continuously along each

20 row of tile assemblies 10. Electrical connection can then
be provided with an adjacent row by use of similar tube
connectors 28 seated in recesses formed in the walls 70

(see Figure 1).

25 The cover tiles 16 are dimensioned and configured to
vertically overlap each other by about one third of their
surface area as in a traditional shingle or tile roof so
that a lower portion of one tile overlaps an upper portion
of a vertically adjacent but lower tile. Further, a lower

30 portion of a lowest cover tile 16 on a particular base
tile 12 will overlap an upper portion of an uppermost over
tile 16 on a vertical adjacent but lower base tile 12.
Additionally the cover tiles 16 will be made from water
proof materials. Accordingly the cover tiles 16, laid in

35 this manner, will in effect provide a second water proof
layer for the roof structure and additional thermal

insulation.



5 hooks 17 may be inserted between adjacent cover tile 16 which hook over
a bottom edge of an overlying tile 16 and hook under the upper edge of an
adjacent underlying tile. The PV cells 18 may be of conventional construction.
10 However to enhance efficiency, a PV cell 18 as depicted in Figure 11 may
be used which comprises a plurality of Iéyér?’s of photovoltaic material 84a,
84b that ahsorb different frequencies of light where a one way mirrog film 86
o provided % 5o of e ST T8 rident K 15 1t TortAndHocs

above thé fay&rsd4a, WitA 2 refRctor 88 prevideY in 2elaysl befdw HETRS °8
84b arwf fading thelenevway mierorfilmi8e sinlithis wayalight-passingdmto the
cell 18:thraugh the one waydnirior B6sisieontinuallyreflested through thes or

photovoliaic layers 84a .20 and.84h befween the one way mirrar 86 and the g
reflecting, surface 88. An optlcallg transparent separatlne% :%{er 90 may be
[ [

provid&d BetwdeR'thd sHotdvoltaic ity &re8as and 4t tiBAally protectide®
films drt&yers'FRr ahd D IPRRF pfstAGe@ bredpposifesides vithe cetireg tile.
adjacent the 25 mirror film 86 and the reflector 88 respectively. Modifications
and variationg indhe dile assgmnbly 10-hat wald be-ahvieys 1@ aperson.
kfled,in.the ayt ate deemed o be within the scopg ofthe present invention, ; ,
the 30 nature of which is to be determined ffom the above escrlptlor]ioan tﬁe

appendedi&ims. IHtKe WainiSor thid appficdisn aRd i the desttiption of the
inventibmy exeepfwhlers the tbatextregairés B53dtheriise dbe to @xpress
languager o peeessatydmplicationothel wgras weRmprisecoe varations suehfiim

as "cogprises; O, eqmprising’ argusedin an inclusives - 14 senge.d . to
slp5e0|fy the presence 85: then%tg{%dc ;e%aetgre%but no%to Qreclud% Ege presence

or-addition of futther features in various eamﬁgairﬁer?ts ofthe mveﬁtit%vnl.t a

reflector 88 provided in a layer below the layer 84b and
facing the one way mirror film 86. In this way, light
passing into the cell 18 through the one way mirror 86 is
continually reflected through the photovoltaic layers 84a
20 and 84b between the one way mirror 86 and the reflecting
surface 88. An optically transparent separating layer 90
may be provided between the photovoltaic layers 84a and
84b. Additionally protective films or layers 9la and 91b
are provided on opposite sides of the cell 18 adjacent the

25 mirror film 86 and the reflector 88 respectively.

Modifications and variations in the tile assembly 10 that
would be obvious to a person skilled in the art are deemed
to be within the scope of the present invention, the

30 nature of which is to be determined from the above

description and the appended claims.

In the claims of this application and in the description
of the invention, except where the context requires

35 otherwise due to express language or necessary
implication, the words "comprise" or variations such as

"comprises" or "comprising" are used in an inclusive



- 15 - Claims: 1.A photovoltaic tile assembly comprising: a base tile
having at least one solid region through 5 which a mechanical fastener is
driven for fastening the base tile to an underlying support structure; one
or more cover tiles each having at least one photovoltaic cell and electrical
output terminals, the or each cover tile corfiected to the base tile to cover the
10 baseetrllleelncludlng the or eacp |}c11 re oenseand hle C(%lé@m(g %;ésgglrpres
prowdmg waferproof coupﬁ t%veen adjacent tlf’zes the tile coupieng system
compridirig Tateralfy Q%@ﬁﬂﬁ%t&@é&rﬁﬁﬁﬁﬁ& a‘PdfngaﬁFlFetajs?%n% sifaofer
each basettilecand a loagitudinatgioolents ranningtalengratdeastone other
side of the base tile adjacent to the tongue, the tongues and grooves
caopfigured so as to engage with grooves and tongues respectively of
adjacent tiles to form a waterproof seal therebetween. 20 2.The photovoltaic
tile assembly according to claim 1 further comprising one or more electrical
connection posts supported in the base tile, each connection post having a
first end for electrical connection with an electrical output terminal of a cover
tile. 25 3. The photovoltaic tile assembly according to claim 2 wherein the
first end of each post extends into a corresponding one of the cover tiles to
provide mechanical attachment of that cover tile to the base tile.



30 4. The photovoltaic tile assembly according to any one of claims 2 - 3
wherein the or each electrical output terminal comprises a hole formed in its
corresponding cover tile and wherein the first end of a connection port 35
extends into the hole. - 16 - 5. The photovoltaic tile assembly according to
claim 4 further comprising a cap for each 683( the cap and the first end of the
post cglifqured to engage each other, the cap fitting over the cover tile to
thereby fetain a 5 corresponding cover tile on the post and between the cap
and the base tile. 6. The photovoltaic tile assembly according to any one of
claimsl2 - 3 whetaih thie basedtileid previdedwith act@®hokei for :each of the
posts, the halesisthecbase tile,and the posts beingrelatively copfigtiret seugh

that the, posts arg £09aged, angy Q?é%%\fSEBPSEt?@eQY%%? bASE G nd - e

photovoltaic tile assembl accor Lﬁgﬁto any one 15 of claims 2 - 6 wherein a

watergtoof sealis formad Betveen thepSHEHHd tHe base e 7 8. The
photovoltaic fiFassemphRraccording to afy e ot cldiris 2257 Iftfereirriife
posts ateformedwith atdeast20 onesrecessanithoat least omerdircumierentiabr

grooveand, thebase file is-pravided with-a pretrusion to;engage the kecess.
qroaroQue;. 9, The systemaccording 1o any gne ofclaims 4.-8 . .ng,

a tile coupling system providing waterproof coupling
between adjacent tiles, the tile coupling system
comprising laterally extending tongues running along at
least one side of each base tile and a longitudinal groove

15 running along at least one other side of the base tile
adjacent to the tongue, the tongues and grooves configured
so as to engage with grooves and tongues respectively of

adjacent tiles to form a waterproof seal therebetween.

20 2. The photovoltaic tile assembly according to claim 1
further comprising one or more electrical connection posts
supported in the base tile, each connection post having a
first end for electrical connection with an electrical
output terminal of a cover tile.

25
3. The photovoltaic tile assembly according to claim 2
wherein the first end of each post extends into a
corresponding one of the cover tiles to provide mechanical
attachment of that cover tile to the base tile.

30
4. The photovoltaic tile assembly according to any one
of claims 2 - 3 wherein the or each electrical output
terminal comprises a hole formed in its corresponding
cover tile and wherein the first end of a connection port

35 extends into the hole.



25 wherein the opening in each tube comprises a longitudinal slot for
receiving the second end of a post, the longitudinal slot being open at least
one end of the tube. 10. The system according to claim 9 wherein the 30
longitudinal slot opens onto both ends of t?e tube. 11. The system according
to claim 9 or 10 further comprising at least Sne secondary slot extending from

the longitudingaslot, the,or each secondary siotconfigured 38 (0 receive apd,

provide electrical gonnect[ontwnﬁt & second end of acrespe%:ﬂ\?e post. -17 -
12. ThEYSdtEm &CC8HINY RF cRIrRFL {ber&mthetabe fubther SBmprsts e

first conduetorcextending betvween resgactivecend coaneetors @nchelettricallyt he
coupleghyith i tirst grewp of sesopdaryt slots.cand asesonscordustar 5 -
exiending between respegtive end.connectors and electrically coupled;with &

second group of second slots, wherein the first and second conductors are
eIectri@é%fly isofatedFroreath other. 1013. The system according to any one

of claims 4 - 12 wherein each tube is further provided with complementary
couplings at eachenettovenableanechanicas eoupling betweenadjacenty one
tubes. 1614 Jhhessystems agearding te gayione of claims 4 ¢ 13wherein, the og
qaeh qnd connector, of one end of the wbe gomprises a first.conpector.that
can be moved between an extended and a retracted position. 20 15. T?‘le

systent 2ecBRARG tBTHaith 19 Vifer&i the firdt Bhrectsis Biased 1owRRF trie
extendetkpesitienicdl6.aFk shstepipaceording te¢lainy14or Iwhetdihdhe
or each end connector at an opposite end of the tube

7. The photovoltaic tile assembly according to any one
15 of claims 2 - 6 wherein a waterproof seal is formed

between the posts and the base tile.

8. The photovoltaic tile assembly according to any one

of claims 2 - 7 wherein the posts are formed with at least
20 one recess with at least one circumferential groove and,

the base tile is provided with a protrusion to engage the

recess Or dgroove.

9. The system according to any one of claims 4 - 8
25 wherein the opening in each tube comprises a longitudinal
slot for receiving the second end of a post, the

longitudinal slot being open at least one end of the tube.

10. The system according to claim 9 wherein the

30 longitudinal slot opens onto both ends of the tube.

11. The system according to claim 9 or 10 further

comprising at least one secondary slot extending from the

longitudinal slot, the or each secondary slot configured
35 to receive and provide electrical connection with the

second end of a respective post.



25 comprises a second connector for receiving a corresponding plug. 17.
The system according to claim 16 wherein the first connector is a plug and
the second connector is a socket. 30 18. The tile assembly according to any
one of claims 1 - 17 wherein the base tile contains an electrical storage
device electrically coupled to the phot0\70It1a7|c cells. 35 19. The tile assembly

accordjng to ay one pElaims 1 18 wherein eagh hase,tle Comprises ope
or more c'ompartmé/nts _containln | a tﬂermaﬂnsurf]atlng mater_laﬁ - § - .
The til&Hss&ibly AeeotdiRg to She GHetRIfTLT - LE-RRetéiR thebasditile

is madesfforra termalinsolatingtioratedald 2¢ 1 $hettile assemblyatedrdingtoa
any one ekelains do- 30 whersin alurality of cever tilesasenattachedhta the
base tile and whereinaf least.one cover tile pay t'@!l}‘ln‘?_é/@{é'éi‘9§ anqther cover

tile. 22. The tile assemblg/ according to any one of claims 1 -
electrically coOupled with a second group of second slots,

wherein the first and second conductors are electrically

isolated from each other.

10 13. The system according to any one of claims 4 - 12
wherein each tube is further provided with complementary
couplings at each end to enable mechanical coupling

between adjacent tubes.

15 14. The system according to any one of claims 4 - 13
wherein the or each end connector at one end of the tube
comprises a first connector that can be moved between an

extended and a retracted position.

20 15. The system according to claim 14 wherein the first

connector is biased toward the extended position.

16. The system according to claim 14 or 15 wherein the or
each end connector at an opposite end of the tube

25 comprises a second connector for receiving a corresponding

plug.

17. The system according to claim 16 wherein the first

connector is a plug and the second connector is a socket.

30
18. The tile assembly according to any one of claims 1 -
17 wherein the base tile contains an electrical storage
device electrically coupled to the photovoltaic cells.

35 19. The tile assembly according to any one of claims 1 -

18 wherein each base tile comprises one or more

compartments containing a thermal insulating material.



21 wherein the cover tiles form a waterproof layer on the base tile.

10

15

20. The tile assembly according to any one of claims 1 -
18 wherein the base tile is made from a thermal insulating

material.

21. The tile assembly according to any one of claims 1 -
20 wherein a plurality of cover tiles are attached to the
base tile and wherein at least one cover tile partially

overlaps another cover tile.

22. The tile assembly according to any one of claims 1 -
21 wherein the cover tiles form a waterproof layer on the

base tile.



