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- 1 - PHOTOVOLTAIC TILE Field of the Invention The
present invention relates to a photovoltaic tile 5
particul arly, though not exclusively, for use on the
roof of a building for converting solar energy to

el ectrical energy. Background of the Invention 10 It
is well known to use solar electric panels nounted on
a roof of a building to provide electrical energy to
suppl enent t he ener gy BHOZRYOLEALL.TELE (i ng. Such
panels may be fitted to a roof overlaying an existing

.00 cQv ain%. That, i s, the panels do not in
Eﬁ&i&e&geg—fs—ﬂgﬁﬁiéggor act as a roof covering.
Rppl beasenhas npeeviouskyldeeisséd a photovolltaic thiille
t S c - c ring. -Ih
BBy a0 eyt BelC LBl 2 R gh e woo
por e ROlAddhanifeal chageanenyg areéadr eResIkoitof gdeahirdgal
E@eafy.underlying roof structure, and one or nore
photovoltaic cover tiles that are attached to, and
overlie, the base tile. Each of the cover tiles is
peovigdedns bif ahe Thvemmrienphotovoltaic cells for
g nvertlﬁg i9'35 ner%% in %rzs %I ctrical ner htg%eon a
ver tPlds KAPE e Fec e 8P Tafd S e dRaR e sy "EotSEd
trood odr rebpaoidiing haserbiviidebyglectmeetli emegoyt $0 The
re.p e rou I r [ e
B e T T e oY 20h oSt Sirenda Saova t Ao paggmels
mpvebandiits edetei ved ool &VERAGYERIhENe 30 séliact roet
tekarnal . i nThhe caverntl bankdspuevinde eheg¢hkheall veand
nmechani ¢al coupl e cover tile to the base

ing of t
fPP&acR 8&cERY éﬁpgsFPQfeEQVSFlégch post extends into
recess on the base tile and is received in a slot

a
b0 oo gheqliol 63l SRNIEE! 105 LuRe ot BAL LS 1HRsRIYent! Y

assembly that can also act as a roof covering. The

assembly comprises a base tile through which one or more
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
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
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
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
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35 the recess in the base tile. Electrical and
nmechani cal connection of the second end of the post
requires a conbined linear and rotational notion of
the connection 2 - tube. Further details of
applicant's above described_ photovoltaic tile
assenbly are provided in Singapore 5 Patent
ApBIication No. 200716871-9. The present invention is
&UPEsult of further research and devel opnent in
relation to the cover tile in the above- described
ho%ﬁvoltalc ile_ass

FRoietR LiRe 561 BFRE MAHRGH ot GPPOR HRGCFASERe
phecedbngaidesdliephissrmbilyt heei prentidend, iexSeplaplare

%h%eﬁ%”hggﬁlca%%hr% °2'6%’7W6%%1d'ée to express
anguage necessary 1 cation, the mord
"conpri se” or vari ations such as "conprises" or

Tﬁ@”BEb%bﬂQ ihSeHsedn RsaR HRGLUSI Ve $eR%Rer &e%ea&@h and
specify the presence of the stated features bu

f6VBLebIgaE the Ifreddnte tor tRGIFOVER S 1furthéie above-
tieatwipsdi Pheabiveus serbedilkeaikseablhe i nvention. 20
One aspect of the present invention provides a
photovoltaic tile conprising: a carrier tile having a
Bumsbryi d€ achewdAnckenitsopr ovi ded a 25 recess; one or

THr €nenel ARt aha cheldo 136ated LR khe E)%%%%a,ln%nd a
cover plate overlying t photovoltaic cells and
§é§péépt39nt@ftﬁ@ecépﬁeéﬁlppheeX?ﬁ@tc&Pﬁﬁértﬁq EmiP xRt

be qirde st bemeayRlsashes tiRkebirdlss 1BubtRek, drh@ecessary

carrier tile may be fornmed by a, nol din r,0Ccess.
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.

One aspect of the present invention provides a

photovoltaic tile comprising:

a carrier tile having a first side on which is provided a

recess;
one or more photovoltaic cells seated in the recess; and,

a cover plate overlying the photovoltaic cells and sealed

to the carrier tile.

The carrier tile may be made from a plastics material.
Further, the carrier tile may be formed by a molding

process.

In one embodiment the photovoltaic tile when viewed from a

side provided with the photovoltaic cells has a slate-like
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35 In one enbodi nent the photovoltaic tile when viewed
froma side provided with the photovoltaic cells has

a slate-like - 3 appearance. In this enbodi nent the
carrier tile is of a slate-like colour. The

photovol taic cells may al so be of a slate-like colour,

5 or alternatively nmay be forned to be substantially
transparent wherein the underlying carrier tile is
PSiesIr@ nQehr diig - titfe RO ait e 8319 S iy of a

embedi-mande fo1tdig photovoltaic tile, the cover 10

plate may overlie the carrier tile. Further, the cover
plate may be of substantially the sanme footprint as

tihe ptarbcverl tdileesesd ¢ ety tdlescedge dfa thetearkiksy colour,

L %ﬁ%‘}nag%%ﬁtﬂn?at U & SUhst ant il 'éﬁl%ofér?{i@ﬂ :
THi § provi des hé photovol taic tile wih an uppe o
Suefnsee eirdt Whe rEs ns (gt amded Ini g siarnien Hilsle is visible

HMigIERt & he, phatovaltai11gel |'s have a conbi ned
t hi ckness substantially equal to or |ess than a depth

of the recess. In a second enbodi nent of the

photovaldsd erdddmdrte cowefe Ridtphatle iry tid seatred cover
é}&the recess. .I.nt ies enbaodi nt. t he U:)rcﬁovoltai C
0

LRGN K Covsr PIatE ey rggt Formed Have i Cover
edrttieneth vt fiec ke ssabsatizstiartlilat Ibheequrale tioctmeptth aofthe
tc%%xfi%%es&le@!ﬁ% gyl bgd n s%%ertﬁeu%a%ﬁé’f diM& and
photovol taic tile (that 1s the surface Ichi1s _
FeoiETled 2B \iineh SURS teaviera 1ol vata®) - BRsTHG Wb Sthert iRH gL des
Etlkfét -prﬂtgvaa%tait@he;iq@eqiqgl the 1Wd@\fiﬂ%% t’dﬂagzorﬁ?s/

e _provide W a curv or rounpde rofil e. e .
SRS teigddtyr ifdA T t JhiTESs %Oﬁ%ﬂ@é&l%ﬁ%&‘m atc
RIAtIGY Oldval & tddn ity ugh aMiieads edwattdrdiital lgerenatlecto or

y thEI hot oyol.t ai ¢ Il can flowto a renote
3165& r %35‘1 @ diee\ﬁt&;Ofsﬁcc ¥ ds Tor° ‘exanpl e a storage
battery, a water
In a second embodiment of the photovoltaic tile, the cover
plate may be seated in the recess. In this embodiment the
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.

At least one edge of the photovoltaic tile may be provided

with a curved or rounded profile.

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
device; such as for example a storage battery, a water

heater, an inverter or an electric appliance.

A hole may be provided in the photovoltaic tile to receive

a fastener for holding or fastening the photovoltaic tile
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heater, an inverter or an electric appliance. 35 A
hol e may be provided in the photovoltaic tile to
receive a fastener for holding or fastening the
photovoltaic tile - 4 assenbly in a desired |ocation
or position or to a support. 4 n one enbodi nent, each
electrical termnal may be |ocated 5 adjacent the
hol e. 1 ndeed each term_nal may circunscribe a

PESFERLIY &Thal éle i ochilo @i od FEN PO SdddP el ethq &l

ts@ioporal. is a through hole ternminal and may conprise a
ring made of electrically conducting material. 10 An

el ectrical conductor is provided to establish

dneechrl ealbocdneedt,i @racbetaﬂ@@trelmaﬂ élesmtimisdalmatyeiod dalcated

Lt T
300 =6a1, IR 0L il ROal Sl e e
GowSisee it vea hedier- esﬁéndqmge @H@@tdrm@mt t i lectecal
eleeGtiizaali s1% tt@“fr@ Shcﬁréd s iBRNS JMRY nkey MIded se a

into the carrier ti t he enbodlrrent where the
Ve MEI9%t € fovverd qté%lctquely é‘é’rnrqué:r 9 &AHE Electri cal
term nal and/or the electrical 20 conducted nay be
%and ched between, t e carrler f.i aﬁnd t

S diSer SO YT Te S0 &) de\ﬂwer e ets{ch%bclg\és\%{a
teillee tirs. cedatcethriaT tilva rt@dte@rt i@@CéJI edtadtoalcalerhimainal and

ang/ %rhott%%oeilt%gbgr &Cegllr condug! QI Sy #Q%hemﬁ%df‘ e be

carrrer t her aspect e I nvention

donpities dora ooV dlag - t iHashc G bt gara Reargqugrled to
Q|d%ﬂ¥é@§dﬁﬁiﬂ@téléﬁtﬂﬁﬁ#ﬂ e itanoughr ol e 3Brical

electrical termnal; one or nore of ovol tai.c cells
S @Scmrlse'may be mol%re'adF into the carrier
tile.

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 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

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

an electrical conductor for each electrical terminal
wherein each electrical conductor provides electrical

connection between respective electrical terminals and the
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tile; and 35 an electrical conductor for each
electrical term nal wherein each electrical conductor
provi des electrical connection between respective
electrical termnals and the - 5 - photovoltaic cell
and wherein the electrical tegm.nals and at |east a
portion of the electrical conductors is enbedded in
the 5 photovoltaic tile. Brief description of the
ghalkPrgs tAd CerBddirnBRE of the present invention will
now be described by way of exanple only wth

reference to th 10 acco nyi ng.draw n in i_ch:
Figurewbﬁr?§nat§§pFg§€ﬁfégggn¥8fgénﬁiﬁs?%gnﬁgdﬁgéﬁF of
porphohoval takc ellicke riiradccondanterwi tils ehnbepidesientn the
invention; .15 Fiqure I b is an expl oded view of the

PEP Ogﬁg%ﬁantﬁQ%Ure la; Figure Ic is a schematic
representation of a carrier tile 20 incorporated in
Ehe phakbauelibaiiont ilre tdepiehedniy Figures la and 1b;
Frgure 2a 15 a representation of a second_enbodi nent
AR gMbgRAMERS| P& Ehei PESPR e dBVERAET Wt ﬁ@wbggéent
A8 skryeetl BY; whiygwire eZampd capneyploded reifewesicet he the
tile shown 1 n Figure 2a;_ 30 ELgure 2Cc is a schematic
FESP@B@H?&PQOgrg%lgggaﬁpig ‘tie incorporated in the
photovoltaic tile depicted in Figures 2a and 2b;

%ﬁ%ﬁ&% 3 '§saar?%%%%%@%%%%qgnogfaap%&E%%ne%%d@i&%%& 3T a
covered 8y a plurality of photovoltaic tiles in
pbodrdaageic tile in accordance with the present

invention;

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

la;

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

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

invention;

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

2a;

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
covered by a plurality of photovoltaic tiles in accordance

with the present invention;
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with the present invention; - 6 Figure 4 is a cross
section of a sealing system incorporating one

enbodi ment of the photovoltaic tile; Figure 5is a
cross section of a sealing system5 incorporating in
anot her embodi ment of the photovoltaic tile. Figure

6a is an expl oded view of a base tile on which a
plurality of photovoltaic tiles can be nounted, the
bagureld fis| @ €arpisgeredirs plodi §62a 186 iSestem
corpeebir-an ihet ween chitioae meark s foft heapallelvcaernectade;
tiles. Figure 6b is an equivalent circuit diagram of
the tiles connected by the base tile shown in Figure
faguld Bi qure Gaoss arotiphoddd avisewldhga slyasentil e on
which_a lLural.it f ot ltalc.til a -
r%tr)lﬁr?ffgg,ra? glgbé‘éle%n?)itlh% con ?’8&?‘3 ttgfig;r}]l%e thggggﬁlg e
tthéetile in series. 20 Figure 6d is an equival ent
circuit diagramof the tiles connected by the base
tile shown in Figure 6¢c. Figure 7 is a schematic .
FéprEse fRatiSoRNo ¥R Oflee ('iicdalrt GomRset itdn Ssyet éich a
bhatramay ybe fi peeiReicated d ritlke RasebdSnduneddy the base
EpﬁVlde %Lectrlczl connection bet.ween phot volt@ G

L &s SORhd IBTLGr &8 PESVa e fr ESETEL CORIGT AR Petreen
athserbbed ksasd talrellld mgnhastteded itflesa r oof
structure. 30 Detail ed description of preferred
enbodi nent Referring to the acconpanying draw ngs and
A gpaet ibbuligr anFiegivlas Leat) @,irioﬂli@aﬁ%@élr%ér@ft Haxe 4nles
exhodinent nof thize pRkotavel tdickmt iihe FiGuire agcor dance
with the présent 35 invention conprises a carrier tile
12 and a photovoltaic cell 14. The carrier tile 12
lraguaef ickcsti sSiathe ek® 1aaieshivilew 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.

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
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.

Detailed description of preferred embodiment

Referring to the accompanying drawings and in particular
Figures la-lc, it can be seen that an embodiment of the
photovoltaic tile 10 in accordance with the present
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
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I's provided a recess 20. The photovoltaic cell 14 is -

7 dinensioned relative to the recess 20 so that the

cell 14 is seated in the recess 20. A cover plate 16
overlies the photovoltaic cell 14 and can be seal ed

to the carrier tile 12. In_this particular enbodi ment
the cover plate 16 has 5 substantially the sane

footprint as the carrier tile 12, and is t aposed
§émeRat onRE &8des1E {tRe tﬁ@atf@CféSa@& SPhélhlatl &hpo cald 14

€g- %@éﬁb@uin Ankr eRlcegls @0R0sed chaee %Za@% UEEOverlles the

B ate 1521 rhe forarrith CGF e SCPILER Sir Fhce 2F7E tile
achi evedhby partiioglihe etibiodiness tche theephotlevel & das
%e% t%ﬁt&%l?ﬁe%%s%%te' g' 'o%g%r'l%ts Qe (A3 c%&ﬁ%%s t4han12,

F'ECEss 2 providing t over
phdte516uw¢a@oaeﬁlép @b@értéﬁrﬁégés o5 Wﬁeop%atqikﬁ agd

*aggsa% 9bher bui L qing iprqui ded with the
otovoltaic t|Ie 10 blends in with surroundi ng houses

anq bui | di ngs that nay be provided with slate or
ah If@@h@ of-0 @fx@o skle fplet avoltraitdet 'plhetb@o(lmikme tmade 10 is

2 t k sl -
EOPUAHSOTHASE Ray 136 SOREB0Sd 2By 1 O 05 TRd Sehy e
tfilke $Rrdhca gMatie- aldhikieveol byr foAd\d,lntgl ohal o iakmess of
Qﬂgtgﬁgkg@bﬁtggklc%ilcaﬁ t@e for %FQ%ll the same as

ubstantially ¢l ear so that he s co our of
Pﬁelﬁﬁﬁeftlhyliﬂn@ caprtiheoft ithe IECIG§SV|2§|rbIaé1d25>rtOWr the

thecphouavel 13l ¢icel la Hiatohp fs@¥ane .t he
photovoltaic cell 14 to also be of a slate-like

colour. The cover plate 16 is nade of a transparent
rmt Sfridal tc@atrraxmmus@ orraRgMess ib@ﬂl@lflr@olpafovemﬁrcgwﬂt@ the

Lfeeeth i T3 38 BRARRDIER 8, Yale iR P s anc
bﬂﬂﬂdﬂﬂbsa¢©a¢EMay1be|@rWW$dbUeWlﬁheﬁéﬁhﬁoughshingle
roofs, the photovoltaic tile 10 can be made to have a
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 wvisible
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
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,

or ultrasonic welding.

A lower edge or strip 26 of the photovoltaic tile 10 which
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Edges of the cover plate 16 nmay be sealed to a

peri pheral edge of the carrier tile 12 by use of

seal ants, adhesives, 35 or ultrasonic welding. A

| oner edge or strip 26 of the photovoltaic tile 10
which - 8 consists of the |l ower edge of the cover
plate 16, is fornmed with a curved or rounded
cross-section. It is believed that this my assis%g n

CoRFistE Gl i drovate ST &t T YTt RIF A ndy

%&@Hl tetd! Qz_'lfc-h 2 Icmlra{edﬁroﬂbq:cﬁﬁideeﬁtcwss?@wﬂmcﬁﬁ uize; is
ctric ener.at e t.ne photovpl t.aic cell_. 14

%’?gtlai{&dlo%ﬁg‘m 35 |“?Y16"y%sslsetpr]6\/ir SR W (arthe

teffdctalof 2@ ldarft 300 wihely teemdindless28 and 30 are

electrically coupled with 10 electrical contacts 32

and 34 of the photovoltaic tile 14 by respective
donductesr $ orcBusBarcy IGharvize wsacieladrmiddly Zpnerated

A 3@ iphdtdbddie i mafl a 4, ithd YHITRlo MU tile 10 is
ci'rcunscCri bes respective through holes 40 d 42

BTSN W iihe PrGtdvdItai e T 15 25 r?%ja?}'h culJre
eachinelle 43 @lrmi 1};) 42 d s fearomictalnya quarndliean whd rof

the carrier tile that t_.contai.n r.e .
fg?d%ﬁ%qéisqﬁﬂ%§ éﬂgegﬁgggicé g&ﬁﬁgﬁéq%iigﬁﬁﬁégﬁﬁf 14
&nek@spaaqﬂyaiqaﬂduﬂﬂdmmk8§Z&Sﬂhﬁgﬂ)iﬁ/&wwighit@MQh

T nsalic!'ﬁ8 % P Obyi (?Llrqu engfor%_rdf_nga tﬂ%% terminal which
construction of the photovoltaic tile 10, the ,
CEMAVRECY 128 sa e TR Gnd & Hdusuwh hle 36 hrdBd cdipmed in

acthtea%%‘%zotaz%ltﬂé%foowlgy@d.taih(IrP%qutiJedoil_al%e,C%%%Qﬁt Hzitrle 40 and
groaqves are formed in e carrier tile taq seat t

Sy Tk ahs e IS GRS Aok i & Th Il 58 el Pat
Whdss reatethtain g ecess2@0.Thereafter, the cover

plate 16 is placed over the photovoltaic cell 14 and

sealed onto the carrier tile 12. Thus the term nals 28
ahg BG ket t3fe dnd Iarar<s36lant 38 adrly erbaddat o their

E@%pective terminals 28 and 30 by any suitable means such
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 20 are formed in the carrier tile
to seat the terminals and bus bars when the a photovoltaic
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

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
is apparent from a comparison of with Figures la-1lc the
two embodiments are very similar and according only the

differences in these embodiments will be described.
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photovoltaic tile 10 by way of being sandw ched
between 30 the cover plate 16 and the carrier tile 12.
Figures 2a-2c illustrates a second enbodi nent of the
photovoltaic tile denoted as 10B, in which the sane
reference nunbers are used togdenote the sane
features. As 35 i s apparent fron1a conparison of with
Figures la-lc the two enbodinents are very sinilar
and according only the differences in these

Qﬂb@@g@?g@stW%|haQ? @ﬁ&&%ﬁ%@@e peBwekh %&%e@&©ohh@ents is
mai n erence hetwe e i ments _is t
EaﬁértbﬁaFQVfé PﬁaFﬁe%%h % YPVPetigs it % 1% s
shallletr and in partiicullar us dum@n$u@med.t@ seatt iim the

the 5 2 f
48Rl 505 A<C] Q. c%s%qﬁ%g%%%%n%m t:n%: gfftﬁ%ggr YPIS made
cleeperphatd i@e andbinedpibickoksa ofcahle THVisg pgate 16

%qukh%hﬁh%%%%OQ%algeceQQpﬁQ %%1h@ea%%%%5§f%psa}@|%s the

results in photovoltaic tile 10B maintaining t

Qﬁhuﬁéeﬁh§uﬁﬁ§@§32@Odeg@#ﬁbéésfétébéﬁet@ﬁ PQQ%9W9}talc
tc@ltehqogh alhaveltiaied ithe ¥Bt Apper sblecfal@e 2t4h eleeavdbed

ate 16 is.s ated he ess .20,. the ed f
B P&Cedpr6t éogftfh§%1 ﬁ%@ 85'&%fé oFlgﬁé t| epafﬁﬁ
Ib&cl&ﬂ\ﬁ/eplth‘él e ean pillae ec drér iier stelalted12n The trerasssal2d, the

é%%g %% ?%@eﬁ%%.%%%fqﬂriggﬁt%%dl%%e%r%xggp%%g%g’E%e tile

voltaictile by bein 179]
ﬁf@lBelSpallolWl eurcaride dnmsind dds ﬂatrﬁéed:altrhl@r 15| &hpp tepginals

%a%beaot hedt el RRlsS 28 ARG 3Qdand & RO tike the
[ ength of their _attached bus bars. 36 and 38 can be

FHG @ér@lt.@eq g ot RO R i PER G FEDES G oGt 1

aratiuar rofy e dear rireithd loa rkd e rHavigeerl2 .a d| st al

end of each bus bar extends into the recess 20 and is

| eft free to enable connection with the photovoltaic
6@klekémp1he cheert epdrdtng 151 @ Smayndal3do apel pagemificgp of the

%%%aa %n%h%hﬁsgk%%c%%EE®d@ bard® 36 and 38 can be moulded

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.

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.

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
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 5Za-
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The operation and use of both enbodi nents of the
photovoltaic tiles 10 and 10B is identical. According
for the sake of sinplicity the operation and use
thereof is described hereinafter with reference to
the tile 10 only. 30 Figure gyillustrates an array of
photovoltaic tiles 10 overlying and coupled to a roof

structure 46 which_ conprises a plurality of paralle
Pedh Mafter® S 2aad e idek drAWFed St -nor ¥ fESHyve rows are

@Q%%ig@egﬁby tkﬁg_ﬁolféo_tﬂl\dﬂdv@lﬁ:a&% tﬂﬂlg% lvl\ﬁ v\fiqucﬁ:h relative to
connected tq underlyi se tiles e i,h turn
ST TR i i ke § SR 48 Hagtially
phetravelst airc dd-jleeent) wrde rdnriaggechvi.n  SoT essimpe. ,0Wi8e

- I Wt 5 bei n ISt
%ﬁggggioﬁ&gﬁfdo\%‘%ﬁ% 102}’3_/5195%}%33085 %%m%r ap Yot gvhoﬁ taic
triblog o lbiadich tridieat ilfe o theherashdedd yitiny o grticularly,
R Belor A NGRS diawpard isg] lay hi%,\h%’ﬂ I8 Ay adiiaceMrtion
underlying row. Faor exanple, the 5 photovoltaic tiles
¢ iof tthe ROt iGN itd iSTe 1 hHdt Aoltnded % ings Ry -
iImlli@%.rBI@Wg@ﬁEﬁl‘d\/er artddvelltariay .t i lidwe Jghatratoldead che
ti in_a higher. row qverlie partio 4 .of the
sstovertatha 19 MaT i B AT rns M ¢
arecargerentapgfe plrotaey aft @ cltdderlGhprplicdesathe THO s
r.of ruct ure ' j
e e I B A e Serar- s gne
avpearance ofs thehahedP vl e §1ides 1i%e appear ance
and colouring of the photovoltaic tiles 10. 15 In

their sinplest form opposite |ongitudinal, side face
g t@ﬁérpﬁd%a}mtai@!fnf ROt o Gt ki A i de faces of

agRl RSlotidh® 1 tsiide fiaes af0 areaadilacenrind idmtlGgdifnst the
wat er R oof d
|

LA el 104 R SQUed @ 198G A SRl e ing s
swfdcesl aHbwenderofi rsean caltt enaiatre 220 cavbdd nenitd e ween or
%Q%ﬁnthﬁ @Hﬂﬁﬁ%ﬁd1§H¥%§%égﬁuﬁﬂdé%er in an alternate
embodiment, as shown in Figures 4 and 5 opposite
longitudinal sides 54 and 56 of 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.
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
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
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
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| ongi t udi nal sides 54 and 56 of each photovoltaic tile
10 can be fornmed with sealing structures or
conmponents which when nutually engaged form a
wat er pr oof seal between adj acent photovoltaic tiles 10
in any particular row 52. 25That is, the side 56 on
one photovoltaic tile 10 can ‘engage and forn1a sea

wth the Iongltudlnal side 54 of an  adjace
phet Bhetepxpétairetide 1H|§uﬁa§lﬁéhaUHF8védbPﬁto§e§€Fgﬁce

ekf§§éeebrw@¢§ tkoe Q?ﬁ@@|@ﬁaElgﬂéeséiﬁeﬁﬁcbi anﬁcrggs
section rou ortion t

SRaEoRLP e  FolidE it FoR PORGRSBarRE Sarsord 28 AR
bhgacspdepﬁ6tmwbhtalboMQHEUanab dndml at gedklproof seal.
?ﬁgegggﬂgnéﬁggggFga;PLB@EPf5&%ah@%ﬁeﬁ%§ &590%% @ﬁ%anced by

orns a $e_ Fternative arrangenent
shewnrpribiigor efsbnet ke sioge rshbes FerRAEd Owi BFtANT

b@%@é@hl¥héxkgﬁ%h@95b'Bn@ggQBoQQGSQaEE 8Bt @ rst instance,
hi ckness of _.the photovaltai¢ tile 10 and extendin

ﬁnésﬁhﬁﬁpﬁeﬁﬁ§l§ar#ée§ 54, RRi L8 the Segengyipstance.
prdeed wth a conplenﬁntarylllp 61 ?Iso of half the

1 cknes ovol t t 10 but

'gﬁrﬁsb foﬁPSU%fggg F%FWelga%b%Ser%Féq u 8m%ﬁ§€ment
bﬁethbdbaEé ofi lenessphbflgvadlofaico thiiehl@neawroverke e
%HgtgbgﬁtgécoElﬁ S %%J@%§n$epEgh%%%E%@|C &hleb%g Qlle 100

rma wa roo seal he 'sealing effect in
aPNRHGERENES S#ﬁytﬁét@nﬁéﬁcéévwg eh&1FRbvi| éliP@ﬁréf Sélﬁéace

Q@4”DéﬁdrHﬁb%ﬂe%%ﬁﬁ%a§3c@%hb@ﬁloﬁe%ﬁﬁﬁﬁnlQ@Ot%ﬂ®®@r55d by
groove 59 in I nsta

S0 By PAtTrtRs 102 - B5e R lERL i beanGoPREIIER. Sygten 200

Ebﬁp&@%e@aa @Qurﬁl&ﬁ@ &be@WdMﬁtﬁngerdéﬂalQO@nthat extend
t.he til

1 h
%FOWDFEE pﬁ8t8&gﬁt§|c%$lIgg%f%%%gn %@20%%necpedb% ﬁgQ%
basést 2bé z@ch tewpnigses faesubsdr 806 t02thawitegds above

WSty ggpghkf%%%fégg.slo4, and an electrica

connecglon system upported by 15 the substrate
102. The electrical connection system 200

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
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
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
insulating material to minimise heat transfer through the
base tile 100.
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conprises a plurality of conducting rails 202 that
extend fromside to side of the substrate 102 and one
or nore posts 204 each having a free end 206 that
extends above the first surface 104. 20 In the
particul ar enbodi nent shown iy, Figures 6a, 6b, 7 and
8, the substrate 102 conprises a bottomshell 110
havi ng a pl anar bottom surface 112 and a perl her a

REPPS1teacBdbendi hhcaksit St RE2hBForPslFrfakdti12. A

@@Mpléméﬁ§a2§ tsndetined betwaen the bhoehhemtsukfaceone end
wal |, ;11 The co du tlnggﬁalls

peri pher
2aaF@lE ?980%8dg ?ﬁéecﬁéﬁFyﬁgﬁﬁca?hS SabStFate’102
absneconpitheslactmmcahebbnméOtbhabfBGDOVéBKiesiﬂhQOZ of

| ednt b h
Rk ahtRoRdstosaeel ¢glo, hesoL) omnehebl 10z The
ﬁ@ﬂewayazadha@agﬁ hﬁs@ht@ﬁQSfa@@ §ﬁ§§GEG6t@96FH@r to

P955§dgoél§ék%ﬂgalpﬁb9%1591§9abbﬁgebﬂes&@@w&@@'bdﬁ&@ent
he_bottom shell 11 t.he cavi be filled

RpeR 5A185 iLASul afrhg ﬁQPQP}QEHFOOﬁ1ﬁ%ﬁ1§gaﬁggﬁcal
tbansterohhsoughmt R0 baseitieke fdR0cachlBasEppadiet @00

ds of t 02 f
EBARECTBPEoS0 PRA: PERE o BAnBErare h: CORESaRGT Bogoboleate
tailks202,i asodephasedt iheth@0cdanuétedtippea yn Figure 6b.
%gggeﬁgnﬁﬁﬁg %hgekEhgéhl&OQBﬁﬁégEeaft@nghhgﬁj%%bhtzgggks

an adj acent base is, the’rai
P asi adnagshadpasentibgsd 00| HOWETE Lcafin&EP ledgechBeIow

HQff@&@ﬁtd@l@b%&&bbgaboﬁﬁébtﬂ@htE aebw@ema§|@%mays
adj acent base t%gﬁs 100.

ke EPPEar o oafinbbe: ASS) SR 58058P oI des For Tesen
basgutkl.e 100 10 three independent banks of parall el
connected photovoltaic tiles 10, as depicted in the

circuit diagramin Figure 6b.
Further details of the construction and other features of

the base tile assembly 100 and the electrical connection
system 200 are described in applicant’s co-pending patent
applications numbers ... . The above brief description
is provided to assist in the following description of the

operation and connection of the photovoltaic tiles 10.

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
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 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
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Each bank is electrically connected to an adj acent
banks of an adjacent base tile 100. However as
expl ai ned below different electrical connection
systens may be 15 incorporated in the base tile to
provi de el ectrical outputs._ Ruyther details of the
construction and other features of the base tile

assenbly 100 and the el ectrical connection 20 system
200URt&hde¥eFIbERC RhabPIPeAAL Cs CedlpdAdPiig thateprrticular
apnbteabreaecnummer&o Subse uently, - an- adjxa%n%bove

% ro t o assi st
bP ﬁfﬁ FF Flgﬁ EP ¥h§ SaﬂgrﬁPloﬁsaﬁgaéoﬁﬁggﬂpaﬁly
oﬂaudelphobopébﬂato theesek@. tR6 Astprevilguabyacent free

d@ﬁ&EiQSQ’ e@ﬁﬁsppebgéggtggc ghgsnﬁgd' o pengd%%wa%h
a alr o term na 8 f‘f
pHgPEQBP@QﬁeCtFﬂé§31@00§ﬁ beaéohhecweélﬁe arbaseotritien of,

180rodhi sti-scachbevad BY abi@RAgytRE bﬁﬁ%b@@hﬁa%% %nges
3&8 of a photovoltaic tile 10 with the free end 206 o

30 laterally adjacent posts 204 extendi ng above
the surface 104. For exanple, referring to Figure 8,

r hoto oltaic til l ed wi ,
FRBtrELacPPRE YO bR rnkeR By FRELDnREeodRa e oa0s0 14 n
aEachethMeVOHGﬁﬁc hane @OrmercohduhEeUaserbube the posts

a§§gngh¥t;g91ghpgggg ?%mgéeh8h8§6%9cgﬂddé%l sdand |

photovoltaic fti ost's are configure
ePBRRFRERPRY ééGBIéSmPFﬁrﬁﬁe bgstrsipendiihyersemisnahsaters,

28rapdnd® ggpmﬁgﬁbgg electrical - 13 coupling with
t he photovoltaic cell 14 of that particul ar

photovoltaic tile 10. Subsequently, an adjacent
pAbdyovel tadeptiicke 40phbtbhelsaite EoWeasot hath eighteen

p ' aid-i led to.the next tmo IateraIIy
aéﬁé%§§§h¥?eg gge%%sigogrr?ﬂlgdprchs s"85htFnued”

f afdéashny oWiofirephdt ovol t@idenidtes 1k@assa-o thlet 10@® to which
vhohe, pRb:8yBRERE AN Lol o5 3or0gh BLIUGhHEELEAN be

covered with photovoltaic til

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
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

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

(c) the effects of shadowing on a cell 14.
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10. 10 The electricity generated by the photovoltaic
cells 14 in each photovoltaic tile 10 is conducted
through the posts 108 and rails 106 to renote

el ectrical devices and apparatuses such as storage
batteries, inverters, heaters,, or other appliances.

15 Figure 1 depicts a photovoltaic tile 10 with

ei ghteen _photovoltaic cells 14 arranged in a‘§x6 ,
Fatr PXampPae, addi then evengurbataPaRgoBOdépiict t4 165540 1n
Ebb@r@?ﬁgbOWWEhCBhenb&%séhﬂt@m&bﬁdm@ntb|©$ tBecanve@tion
connec :

20 The specific n er, of cells 14 per, .
BREt 69oPEal et It f59VIgﬁdsP#g?ﬁ&ﬁH§rVF%tﬁﬁFcﬁ%t gtve @
cehhsnatadoonngetied inivelitert, hét tiisl eppb@opad awvel thag the
the. nunher of til 1Q_caqn .t a g
P50 na s RS meReER e o RoThe U [ Tee 0158 A geinth
gbétepgecahl yheornderedfi 3 8dependent ERNRAMEFOFSO SRR e 2

?g§§bgﬁrekfoaﬁe—£h%§% g hkyder Q%bl@&%en%hokbﬁbﬂ%@ibobell
the nature of the_load to be driven th
PHEEYCERt &i BAKLMEE TOLltrASp&it PERIFAF1ERY S 'nr%uﬁF goVolt.
vakt age rand/ girocluickent s egpicheddit spopbhiheiskape amda of
%Enflgg atlgn of thetphotovol ai %ell + 14 88,1

FuF&ctar edaREfowthESEEIP: ecgﬁ t €Ss6r° at"e “%onYa
cambeer offi kell?; 1ldnded8 (o) beheoehketes oh skadewi-ngIn

L 14, .- F I [ h t

IR SR e ans B0 e asce i Th 1S present
epbodikimatslof 16Re vicdkenonennesre o kengdegr rade-offs
BLeyide.sufficient voltage to drive a conmmon indoor
grid inverter, it is appropriate that the 5 cells 14
be conbined in a manner to produce a maxi mum
(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
a shadow case by a surrounding building or by virtue of
foreign opaque objects such as leaves and/or bird

droppings;

(ii) having a smaller area of photovoltaic cells connected
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.

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
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
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voltage in the order of 180 volts. Consider for
exanple a typical off-the-shelf nulti-crystalline
photovoltaic cell produces a maxi mum vol t age of
approximately .5 of a volt. The current produced is
dependent upon the size or grfs of 10 the cell. In
order to generate 180 volts, clearly a nunber of
cells 14 need to be connected in series.

I n
dotsde mifd atfe Best SRF (D Poddic & @WVAT &g P and 7 as
3ROk vlla;te@ff )éa R0\ tlcgorﬁf&( ﬂ%&ﬁﬂ%d‘c@vé&ﬂl el of the
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ST dat i st e ad d i fid 6a. 1n
avdr seloprdiifdara tfircomaaeduded pdvdre 1dlit putoddcemnearofoutput
[ ed.cel]s d t cej.Vv I

il%ﬁﬁﬁ%%gﬁb%%ﬁﬁ§%€¥% %&%ﬁ%ﬁgﬁﬁéggég¥{ |§%ﬁi§%§)%§_
srador icade ly la ZanmsundiByy danineditigort e Viaguegies 100
foyRitg 0RO UR ORI LGS GBS d18avRs ANHIrdifthtely 180
droppings; (ii) having a smaller area of photovoltaic
Jelts donfedtisreDs I SaGeLaRd s Nas Sty of
&%KbﬁﬁﬂﬁﬂﬁdQMkﬁﬁfﬁﬂé,arehDW?Nei.ﬁudﬁﬂﬂﬁqnﬂﬁdﬁuﬂb\gﬁﬁéxyie

ich ma ive .rj se_ t sa erns_.and pr.aduce
6ﬁ¥?§ﬁ?ﬂ¥ Y (i6¥ﬂ%§ %ﬁ§§@@§§§QQ%PrW%ﬁf%edﬂﬁ%‘?&%he
e er exguliersed JCoad-cand/aared asistecikat ed dener gy managenent
system 30 One specific configuration as shown in
Figures 6¢ and 6d appears to be well suited to
diti Viisnd oa biey pindi T Stmisbr hprey e T mvidratert ey idg ne v only
r2p38 Rfrakadh WRldsS o 88 td l@ntd-favidiF @itient
arrangenent of "nine photovaoltaic cells 35 14 arranged
iVi? 1 2983 e dTdd & drilfe ciie® Tt ibP &MPSiiste  &ddiPibase
tddneF iR GAICTIsL S Y RE sserdess icdneaitd aphdavaltaigie, one
tx/\rlhleerse> ]é%chH%rheott OQI% lqzl aelcct rtI iC_I_aeI 1%0 nc%er(?rtll eosn £ enl 5series
connected photovoltaic cells 14 arranged in a 2x5 matrix
and where each base tile 100 carries nine series connected
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.

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
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.

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
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systemdiffers fromthat shown in Figures 6a, 6b, and
7 as it provides a series connection between each of
the photovoltaic tiles 10 as depicted in Figures 6¢
and 6d. In such a configuration each base tile 100
produces an output 5 voltage ?g approximately 41 volts
and a current of approximately 1.25anps. By
connecting five base-tiles 100 together in series an

ey Jrdgd 161 750 RNMHBI tREE Wdig £8% comprise a

G Mg 6\58@ndufth%ﬂﬁithd3@&ahld edias d\lfl@ﬂsa mdﬂflel connection
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such as, for exaqp one _where each photov Italc

O @t16 @5t 160 et tefULY SEed &PBitstGrbIREaS tles
celd selhiagaanged iwith i rmterdbmc@nd dmgfeﬁ:teanh absa%lown

t.ile.100 cargles serle on te es
i R a1 AT bR d Rt
WIUPSJ,’C amed.- tetnes Oaca@lpmfanta’deé-ﬂmi’) prodduc end current of
nectg%&%h§%%5 V%ﬂﬁ% 'TE&M“HHWéEH¥%JéN§hf%ﬂﬂﬁﬁ% voltage

es 100 are required to generate

@épraéxulmsa Y 8B aldia enediundred @chérl rgtedhaegies

R RIAUDHRldeAitG itdd &k raui@Iry say 25
photovoltaic cells 14 arranged in a 5x5 matrix. In
this case, each tile 10 woul d produce approximately

Nw/ theitt sndved!ifnfeus: seach tb%@ﬁeisl@tl(i@lv&@lﬂiam ngvE Meen
seres eonnected aotaveltal ¢.d il es A9, MOIHEes. sxilled

apprOX|na é1y Vol't's 1wl e ase mo Ser
donriéet edthadett iluee k0 arcsl ifdqetrien s erat maemeaialomo may

Y T RMthout departing from the basic inventive
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
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, 1f desired
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,
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 conprises a plurality of
photovoltaic cells 14. This requires cutting and thus
wast age of the cells. In a 16 further variation each
photovol taic tile may conprisg a single uncut
photovoltaic cell. Wth a parallel connection betmeen

t he photovoltaic tiles on each base tile as_ depic
AﬁlFﬁ@@he@oééféﬁéteﬁnsbGPdWWﬁﬁlFﬁéoﬁénﬁ§g§téﬁﬁn¥&F€dOthers

tﬁa@erﬂbaw @@cebb@aast ltbepw@bdspb@due_»alaaryoak@mu in the
vol t age s and

S5br 4P rararets o Hapsithiiothe SCAPBYETar GuPFacent

yﬁbéageOnothatnbeasb b&Owhmbhs1totbybsedBEsrmmnadcﬁedm the

8$et'e8érl§% reQH SgﬁeEH%dWh&Q fjge electrica

nnec ron-a I'gur es 8¢ and 6d, each base
t|Ie woul d produce an out put vol tage of apprOX|nater
0.5 volts and current of approximately 5.1 anps. Thus
to achieve an output voltage of at |east 180 volts
one hundred and ni neteen series connected base tiles
are required. 15 Now that enbodi ments of the present
i nvention have been described in detail it will be
apparent to those skilled 1in the art that nunerous
nodi fi cations and variations may be nmade w t hout
departing fromthe basic inventive 20 concepts. For
exanple, the carrier tile 12 is described and
illustrated as conprising a single recess 20 for
seating a single photovoltaic cell 14. However,
multiple recesses may be forned each seating separate
small er photovoltaic cells. Further, the termnals 28
and 30 are 25 depicted as separate through hol e
terminals in the carrier tile 12. However, in an
alternate enbodi nent the termnals 28 and 30 may be
formed concentrically with each other whereby
el ectrical connection can be achi eved by the use
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of a co-axial single pin connector. Conversely, if
desired 30 nore than two termnals may be provided on
atile 10, for exanple, two positive and two negative
termnals where the termnals of the sanme priority
are connected in parallel todhe photovoltaic cel
14. This provides a degree of redundancy in the event
of the failure of one connector, 35 as well _as
BRevFdralgSgfeat BinAetRaniBYPRESORI PR 8F fRéLOWS:
photovoltaic tile 10 to a base tile 100. - 17 Al
iuch nnd%ficatgons agd variations_together with others
hat {oBPAtBEC0bSGuSs L6 FEFROAEIBY  ordinary skill in
the art are deened to be within the scope of the
resent _ipyventi .t he_nat : Leh 0 -
Berar iR B EReS Aoyt destrpPronrand Bopdadsd °
tkaemas; - 18 The clains defining the invention are as
follows: 1. A photovoltaic tile conprising: 5 a
carrier tile having_a first_side on which provided a
PBEeSE: MBHRE 8P0ﬁ8W€15ﬁ6F0989%§i§eééﬁgsl§eﬁg§dr?ﬁeﬁﬁé and,
recess; and, 10 a cover plate overlying the

h It ai |l d | ed [ ile. _2.
G BHot bUBE ParEeER B e EbPaPRG D8 LA Fouher SR Scaled

thethar ceeritrl €ils.nmade froma plastics material. 15

3. The photovoltaic tile according to claiml or 2

wherein the carrier tile is forned by a noldin

BroceZbe photdHelphdcovdlearecPrPéngcEsr BLAGT 6 HRFTSLn
ene oL chaimei2@ ls3pmuber erdmt Rephhatovel kakertiale

when viewed froma side provided with the

photovoltaic cell has a slate-like appearance. 5. The
ghot ovohtapsotbkelaeger ding tecargiagetof ctbaimmd 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

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.

6. The photovoltaic tile according to any one of claims
1-5 where in the photovoltaic cell is of a slate-like
colour, or alternatively is substantially transparent
wherein the underlying carrier tile is visible through the

photovoltaic cell.
7. The photovoltaic tile according to any one of claims
1-6 wherein at least one edge of the photovoltaic tile is

provided with a curved or rounded profile.

8. The photovoltaic tile according to any one of claims
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25 1-4 where in the carrier tile is of a slate-Iike
colour. 6. The photovoltaic tile according to any one
of clains 1-5 where in the photovoltaic cell is of a
slate-like colour, or alternatively is substantially
transparent 30 wherein the_ngenlying carrier tileis
visible through the photovoltaic cell. 7. The
photovoltaic tile according to any one of clainms 1-6
whér ERHTLRET| 68BPTéRANEd§BSOP Tt HETBhEL6FEIEaRe trraipgls
%‘éreﬁgw dedcw theateurved geneeundadppr ehiel @ho8ovbheaic

g ovoltaic tile accorgln% to ané g g of. claims - 19

f GPPhELC¥oiBr PsERGCSfe SoF ChbrE38I 881 CEa

tern1na|s t hrough whi ch eIectr|C|ty generated by the

hot ov a I t e I ga
%eV|ce9h% QBOF%QO&ﬁg?ovokggaégfg chdkﬁéH#o%chhereln @
SOWhenelnrQVlﬁ@ﬁelﬁstbﬁovﬁ@edeﬁntﬂﬁé &ar Feeriviel @ fgstener

ES?ehﬁﬁdQnﬁa%Ee%@%te&ghghQh@'ﬁgoQBVEQ%%gﬁ'ﬁgl%h%ssembly in
photovoltaic tile assenbly in a desired | ocation or

Bo8rEiERY0AOFE tdOBUBEOPOSIEACR0OTTHE FhEHUEVSFtai c til e
according to claim9 wherein the or each electrica

rmn cat adj nt _the hole, 11. The
3ot ovareapholPretiedtr Bng £6oCrdrAFoter CgLig wherein
wher erneaabheékettriicedl teeminaal isi logmsed begagent the
% §8ect|ve hol e. 12. The photovoltaic tile according
o any one of clainms 8-11 wherein each electrica
terminal is inthe formof a 20 ring nmade of

@hectrwﬁelbmoeeaeqeghegtﬁ@eeebebrdlag The cphomovobtano
tile according_to any gne of gl 8-12 erein an

ebééﬁﬁpcﬁﬁcéoﬁéﬁéFéﬂcﬁé 5@6@&&@ £ HTELEIPER @
ekepkeikeak @onmection between each el ectrical 25

term nal and the photovoltaic cell. 14. The
photovoltaic tile according to claim 13 wherein
12. The photovoltaic tile according to any one of claims

8-11 wherein each electrical terminal is in the form of a

ring made of electrically conducting material.

13. The photovoltaic tile according to any one of claims
8-12 wherein an electrical conductor is provided to
establish electrical connection between each electrical

terminal and the photovoltaic cell.

14. The photovoltaic tile according to claim 13 wherein

each conductor is in the form of a bus bar.

15. The photovoltaic tile according to any one of claims
8-14 wherein the electrical terminals are embedded in the

photovoltaic tile.

16. The photovoltaic tile according to any one of claims
13-15 wherein the electrical conductors are embedded in

the photovoltaic tile.
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each conductor is in the formof a bus bar. 30 15. The
photovoltaic tile according to any one of clains 8-14
wherein the electrical termnals are enbedded in the
photovoltaic tile. 16. The photovoltaic tile according
to any one of clainms 35 13-1h wherein the electrica
conductors are enbedded in the photovoltaic tile. 20
17. The photovoltaic tile according to any one of
claims 1-16 wherein the cover plate is seated in the
necessheSph8tothetphet evokt akeotdlagateordiyngnto ofl alleims
7 ghekein. thg photovolgakc cel | a@d t he cver pl at e
av8 HESRbPNERS CRVEKNBLE TSubst SRETEA v edis €585
depth of the recess. 19. The photovoltaic tile
%ggorghgg BBt%%%é%Q%aokiﬁkabgéo}Qi gl§oWE§5§b01% wherein
surface of ‘the photovoltaic tile rchis provided
whehphhsovoveripl gedli endubseaneivar] pletgt hayg artgembined

PROLR¥ALLakELLhe+aeeakdieB8atiotany @Betef o&l 2hes rebelt.
wherein the cover. platé overlies and is substantially

15 cotermnous with the carrier tile. 21. The
phot ovakt photbivbe tageordilrg ateoebanm 20 wher ene ofhelaims

hotovol tai.c cell has a thickness, substanti al.l .
Po20r “PBEE  fndn 47 GBpEN 01 L Ro0I BEALaL L0022 Lind i Lan i
protradebt aicht ithe aoverdipigteo iel aums2@ngria2ly Wheitei n
the electrical termnals are sandw ched between the
carrier tile and_the cover plate. 25 23. A _
BRet o¥bkt Rhetevd tedrpitiidiengccarednsi éf Ve Optoitdédaims
Wil ahcheast tape cbReugh el eveeheelkr bgal ilemiR@lantially
30 one or nore Eho%pvoltaLc C§L|S supported on the
EREPTBANOYS| ¥1thndhan CBrEdEri Edt-Sconduct or for each

el ectrical term nal
21. The photovoltaic tile according to claim 20 wherein
the photovoltaic cell has a thickness substantially equal

to or less than a depth of the recess.

22. The photovoltaic tile according to claim 20 or 21
wherein the electrical terminals are sandwiched between
the carrier tile and the cover plate.

23. 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
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
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20

35 wherein the or each electrical conductor provides
el ectrical connection between respective electrica
term nals and the photovoltaic cell; and - 21 wherein
the electrical termnals and at | east a portion of
the electrical conductors is fﬁb@dded in the
photovoltaic tile. 5 24. The photovoltaic tile
according to claim23 wherein the photovoltaic tile
when viewed froma side supporting the photovoltaic
cell haseaeshat@el ikecappeananeenit@iddanthet least a
photqgvoltaic tile accqrdin% to claim23 or_ 24 erein

PRE tdaPr Pdr Hiel & LeS TEr R d E@AIUEH OF S éCe ST IS *Ch the
the tphotewalt aiicecel | is supported. 26. The

photovoltaic tile according to claim25 further 15
conprising a cover plate overlaying the photovoltaic

¢dl.l Fhe pbaltedoilsative tdder pecoridiag 2. cikdm 23 wherein

t ' A or ging f clai ,
T, YOS A AR 08 A SR Sororing
&hec PhcERIV o 12@ icokdddt §rS ¢ Frled Cand KEx PERFSL LSS -t he

recess.

25. The photovoltaic tile according to claim 23 or 24
wherein the carrier tile is provided with a recess in

which the photovoltaic cell is supported.

26. The photovoltaic tile according to claim 25 further
comprising a cover plate overlaying the photovoltaic cell

and sealed to the carrier tile.

27. The photovoltaic tile according to any one of claims
13-15, 25 and 26 wherein a distal end of each electrical

conductor is free and extends into the recess.



