10

15

20

25

30

- 1 - PHOTOVOLTAIC CELL CIRCUT Field of the

I nvention The present invention broadly relates to a
photovoltaic 5 cell circuit, particularly, though not
exclusively, for use on the roof of a building for
converting solar energy to_elkectrical energy.
Background of the Invention 10 A plurality of

phot ovol tai c Ce||SPHB¥098L 8ee£gﬂ &les to
generate a voItage—fequr+eggiﬁf—a—sﬁggﬁgﬁg— _
application. There is the possibility that foreign
natter such as_ 15 | eaves and bird excreta may shade

L9Bhot ovol taic cells from

'ﬁ@énﬁt@@eﬁtgfﬁveﬁﬂlénSbiH%&%ggre§ﬁ€Qsa§ tgléh E?gg%gic

to the series connection o p ot ovolt A

thel ekl evabt e p@m@tcobapby,othbh@h pfurakcnyzmﬁeéy, for
ovol c_ce i cant 20.reduce

2%%%9%@ % ﬁoo%nvgn?l Hl%ﬁ g%c PHante ﬁf?ﬁ“%nsaéﬁéc?nergy

ofotdeepresesnt énvegyion there is provided a _

photovoltaic cell circuit conprising: 25 a plurality

of photovoltaic cells connected in series; and at

| @St PHENSW £ Chi Do deyi ce,shunted across a group of
TﬂTTW‘THWT?T#‘T*EFF%UTDVU?TalC cells, where the

SMA@b@rm@p@vaﬁep@mbvvdbsaaccuelbmtm@@thefoonhheted in

it 30 whe ht obstructed from i npi ngi ng on
SHEE B oy SOTor e e BRETbUOHE af CEEFFS. BEF 08soaRraR.c

theosmed€hbmng device is shunted. - 2

There is the possibility that foreign matter such as
leaves and bird excreta may shade one or more of these
photovoltaic cells from impinging light. In a situation
such as this, and due to the series connection of the
photovoltaic cells, the achievable power output of the
plurality of photovoltaic cells may be significantly

reduced.

Summary of the Invention

In accordance with an aspect of the present invention
there is provided a photovoltaic cell circuit comprising:
a plurality of photovoltaic cells connected in
series; and

at least one switching device shunted across a group
of one or more of the photovoltaic cells, where the
switching device provides a current path for the circuit
when light is obstructed from impinging on one or more of
the photovoltaic cells across which the switching device

is shunted.
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The switching device may further conprise one of a
plurality of swi tching devices, each swi tching device
bei ng shunted across respective groups of one or nore
photovoltaic cells. At |east one of the swtching
devices 5 may be a diode. At Least one diode may have
a forward voltage drop of equal to or less than 0.7

\.... The Ppggovoltaic be.arran%ed so at

N [ it
| BaSt " ore ﬁ?%d%eY%céﬁ%%¥g%ﬁC§$%§gg%%%rb?en%? 8f fhe

phid oDl t @i 6f cell Schin@ d@nness sushchhalit Bridy0devise

10 reverse biased by the one or nore photovoltaic

RFIRI s AT ERS Tt TPEP]RLATRAIT THES gPBupPBE 0P ORBT e

Ofh &5 £o PhOIOVOLT Bk C el | Sa8RY hE o?rEﬁ‘QgSQ' eehﬂngoaévices
for the collection and conversion o 15 sol ar en rgy

imy ot eztdicdd. eher yyasThenat di edstmapehdirede faywbed

thermal |y insul at ed t duce | eak t
of 1 e 8t FhstE oRe f os. “20L The at*Felst One di ode

Meye hehd hswb at edcf eom heatcdue 1oy BXPRSHERGLQ LbOBt 1east
by a layer of insulating material arranged between

tPRe dibeiee ahdl shpnhefngcreght one noaceerdanteteth a

f t he pre 25 1AV | O here ;is.
e e S e For o R omnserr e et BneRaborre L Gary ie
crecanrse bheseetbpdtioenpneé sbngnoconpestbnglaaptucalilty
of photovoltaic cells in eries; and shunting at
I%ﬁéﬁs%hﬁh%%?tﬁhih@ devitedacross a 30 group of one
or nore of the photovoltaic cells. Brief Description
of the Drawi ngs The invention will now be descri bed,
byh9agr @fP@xahpbee - 08 mehtyphorehot efecenedlsonakiebe

a&f?&@&@&igﬁ Qr9$é§g§0ri9he collection and conversion of

solar energy into electrical energy.

The at least one diode may be thermally insulated so as to

reduce leakage current of the at least one diode.

The at least one diode may be insulated from heat due to
exposure to light by a layer of insulating material

arranged between the diode and impinging light.

In accordance with a further aspect of the present
invention there is provided a method of connecting a
photovoltaic cell circuit, the method comprising:
connecting a plurality of photovoltaic cells in
series; and
shunting at least one switching device across a

group of one or more of the photovoltaic cells.

Brief Description of the Drawings

The invention will now be described, by way of example
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whi ch: Figure 1 shows a perspective view of a

photovoltaic 5 cell circuit; Figure 2 shows a graph

of the open circuit voltage of the photovoltaic cel
circuit as a function of the nunber of photovoltaic

cell's that are shaded from iLnginging 10 light; Figure

3 shows a circuit diagramof the photovoltaic cel

Ci it of, Fj .15 Figure 4 shows.a circuit :
d+%£¥hh¥% ha#%ﬁ%?%%%?tg?ckg%e??c%$ Y 179 nYBeH o agncE”

wit helan enbodi ment of the present invention; Figure 5
shows a circuit diagram of the photovoltaic 20 cel

circuit of Figure 4 having a photovoltaic cell shaded
fromimpiqgiang, | balks &1 gureobet Sv@ CLEgUbE diog0agyOicaic
a photovoltaic cell circuit 1n accordance with a
fertherienmibdi nent of the 25 present invention; and

Figure 7 is a circuit diagramshowi ng a series

connection of two photovoltaic cell circuits of the

type shioyré e Figowe £.g88piedaitied &eseripté@dtofoltage of
Speci fic Enbodi ments_Figure 1 depicts a photovoltaic

tthe Phebprisihg aclhl ctaFREy @F phbebybleni efcehpsnumber

12a-dbcdhereinafter s fnafefeer i neral
‘ph&%%%oltaic cel%s 152'60?E £§§|?@aﬁgd)ﬁggﬁng%§g38§ng
tbgghtther in series. Afirst and last of the series
connected photovoltaic cells 12 are electrically

coupl ed by respective bus bars 6a and 6b to
Figure 3 shows a circuit diagram of the photovoltaic

cell circuit of Figure 1;

Figure 4 shows a circuit diagram of a photovoltaic
cell circuit in accordance with an embodiment of the

present invention;

Figure 5 shows a circuit diagram of the photovoltaic
cell circuit of Figure 4 having a photovoltaic cell shaded

from impinging light;

Figure 6 is a circuit diagram of a photovoltaic cell
circuit in accordance with a further embodiment of the

present invention; and
Figure 7 is a circuit diagram showing a series
connection of two photovoltaic cell circuits of the type

shown in Figure 6.

Detailed Description of Specific Embodiments

Figure 1 depicts a photovoltaic tile 2 comprising a

plurality of photovoltaic cells 12a-12i (hereinafter
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5 electrical termnals 8a and 8b. The series connected
cells 12 forma photovoltaic cell circuit 10. Figure
2 shows a graph 20 displaying an open circuit voltage
22 of the photovoltaic cell circuit 10 as a 10
function of the nunber of photovoltaic cells 12 shaded
frontan i Npi ngi ng Iight source. It can be seen that
the en circuit vol

sd%s? |a??y T'i Aed £ a§ﬁ|oBh%EOYﬂit%hStseét?aﬁé

ce&é}sl@rez'pr ogsesstveliytogbaded. 145sEr-guse z’si shews and last
test circuit 30 for the series connection

p%%t%@%|%%t%e%et?%naetternhn@Oantﬁhete@btﬁaté a&p|
chTgLi £ d01 Showgu b e i GYr £edy g@fv%eﬁﬁscbgf :%aBQES 6b to

conprises a series connected oad 2 and
el ¢dreierl 3detwinebsude ¢he Shirreéhne féowengcbhneughd cells

tPf fIoad 3 Q hig e the est |rcug¢ 30. A second
mif t 19T eF D387 E°Connected |ﬁlﬁﬁ?étl with the I oad
32 so as to neasure the voltage across the | oad 32.

25 The test circuit 30 was used in an experinent
cohelues edl %%OW%e@tgfﬁehe$©eetgpb@YSh@d@ngopﬁ@t@v@cvatc

cetiea%g 350 tH@'§ﬁ598vétQQIc J@flcgggsgttf gmnng

t hrou and t tage drop across
nﬁ@gute@nbyfthhefmumberanﬂ §B@b@dohﬂhttneéEEs 34, sBﬁded

tively, Fromthese 30 neasurenents, the powe
o By TR P ons 351 UAG SCAFear af BdcoR nbEhFeeBy Bl ethe

a@@eﬁh@lﬁd@ﬂ@|@§lEQ@é @Q'f@MﬁceEhfnlQagu5§§h§E§Q§@y“@§near
33.30. - 5 In afirst test, no photovoltaic cel

wetehspraded FronPhehpvabtagcl fghts Fhe pnngeﬁtsslvely
volt ag¢ and power of the Iload 32 were found to be:

Figure 3 shows a test circuit 30 for the series connection
of photovoltaic cells 12 forming the photovoltaic cell
circuit 10 shown in Figure 1. The test circuit 30
comprises a series connected load 32 and a first
multimeter 34 to measure the current flowing through the
load 32 and hence the test circuit 30. A second multimeter
36 is connected in parallel with the load 32 so as to

measure the voltage across the load 32.

The test circuit 30 was used in an experiment conducted to
test the effects of shading photovoltaic cells 12 from
impinging light. The current flowing through and the
voltage drop across the load 32 were measured by the first
and second multimeters 34, 36 respectively. From these
measurements, the power drawn by the load 32 was
calculated. In this example and the examples that follow,

the load resistance was 33.3Q.
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5 Di ode Shaded Voltage Current Power connected

phot ovol tai ¢ across through drawn by across cell(s):
| oad 32 |l oad 32 | oad 32 photovoltaic (V) (md) (MmN
cell(s): (no diode None 2.8 85.5 239.4 connected) In
a second test, the photovoltaikc_cell 12a was shaded
frominpinging light. Under these conditions the

Curr . 0, t 0 of the |lo 32_wer
T
commiacd Bty phodlovol Tiaé ccact @58, t it DUghe ds AP BYe r a6 E 0SKe
cellés%% | oad 32 | oad 32 | oad 32 photovoltaic (V) (nmd)

(%@@ IWG¥%)f9u?ﬁotﬂi%%é 12a 0.246 7.4 1.8204

connected) 15 In the second test it can be seen that
shadi ng one photovoltaic cell 12 caused the total

power output to drop to 0.76% of the power output

] woro - chadad 6

when—no;photovol-tare—ecelHs12—were-—shaded- 6
HgﬂP%P%-shoms a %%%?%@o!taigv%% ?g%ircuﬁPrﬁééFn  Fower
aceNttanced W [t bh &fo eabesi aent aef-ckke presgpbubAventdfin by
connected in {the sane test [circuit 30.| The

phof6¥65Eai c | ceFtlEi$Luit |40l evupt4 ses aopPupdl ity lekd 32
hatavghtai.c. 5 cells 12 connect in serie nd a
mﬁtch?ngg&%vice inthe formo % di qde 4 conne:ted(mw)

i ncpaddklel with photovoltaic cell 1Z2a. In this

ode—42 i s—revyerse biase

\TA" A v

il e t ho
“hd diode None 2.8 85.5 239.4

connected)

In a second test, the photovoltaic cell 12a was shaded
from impinging light. Under these conditions the current,

voltage and power of the load 32 were found to be:

Diode Shaded Voltage Current Power
connected photovoltaic across through drawn by
across cell (s): load 32 load 32 load 32
photovoltaic (V) (mA) (mW)
cell(s):
(no diode 12a 0.246 7.4 1.8204
connected)

In the second test it can be seen that shading one
photovoltaic cell 12 caused the total power output to drop
to 0.76% of the power output when no photovoltaic cells 12

were shaded.
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with respect to photovoltaic cell 12a. |If photovoltaic

cell 12a is shaded frominpinging [ight, the

photovoltaic 10 cell 12a acts as a substantial open

circuit but the diode 42 provides an alternate

pathway for the current to £lgw- through the circuit

as shown in Figure 5. This leads to |ess power |oss

t €S i on, e -j gur e

S ohare bnotevel fareoserr PIas R 1S ERERES FRom

i aptogilagce i ghth and emidodtiee ot ofhEhespréehnﬁglndethen
resent ectiveness o% nbodi nents of

Rl o e PRrE Lt Bt LT heR e Ehe TRS: PRpFoupLtaic
38 BNdc £XPhat ned behewi se20al pibhtalliyy B¢ BH@EQV@&E@EE

cells 12 in the photovoltaic cell circuit wer e

shtes %%o%@mw:g@qingm fsgmesc:@wem swaﬁ@hmgt agmce in the
Wﬁ%ﬁ#réﬁﬁﬁtél ée4§aggg %ét%% % %glg hr%ovoltalc
and second nultinmeters % res |ve

ctetlkentZavolt agel andxpopke bhet@Eoﬁ@&dZSQSMEéeeEQénﬂlased
haded Vol tage Current Power

) be: { od
O TP S bt 65 o b SVl obe TRt bULTE dr honchytoRelbase

C@é115ﬁ2a|9§d§§£dé@a§r§§ iﬁg n%gn§h9£8%g%t§h% &g%t&ggitalc

nvib cell (s): 12a None 2
Fahbws?d h@c*pﬁomv@l sabeteetiatiopentcioceit Foglr Ehe4dlode

N N S AT

phiot vt tiahe @Eird:uilﬁaaé %h@ﬁ@ﬂfmam@@@@ sirenis 18adabnto
this situation, the diode 42 is forward biased with

FESPR RO tHRS T e i hRe ef YFEa pHoR ovoF e ailkedeli5h 12

aﬂgference to Figure 3 where photovoltaic cell 12a was
shaded from impinging light and a diode or other switching

device was not present.

The effectiveness of embodiments of the invention is
illustrated using the test circuit 30 and explained below.
Initially, no photovoltaic cells 12 in the photovoltaic
cell circuit 40 were shaded from impinging light. Current
and voltage measurements were taken of the load 32 by the
first and second multimeters 34, 36 respectively. The

current, voltage and power of the locad 32 were found to

be:

Diode Shaded Voltage Current Power
connected photovoltaic across through drawn by
across cell(s): load 32 load 32 load 32
photovoltaic (V) (mA) (mW)
cell(s):
12a None 2.49 81.3 202.437




so current is able to flow through the diode 42. The
current, voltage and power of the | oad 32 were found

to 10 be: Di ode Shaded Vol tage Current Power

connect ed photovoltaic across through drawn by across
cell(s): load 32 load 32 | oad~32 photovoltaic (V) (mA)
(MmN cell (s) : 12a 12a 1.82 54.5 99.19 15 This
represents a power output of 41.4%conpared to the
configuration where no photovoltaic cells 12 were

shaglede §reomvisptngi pgotbgbltand seldi edecwas poesentigure
ﬁrther experiments were conducted where various 20

ot oVbFt Bie BRPFSVESLAEFeCR-hAILER f PR PRANNGNAGSAI §REM
aﬂgp NOERE wghgl o@ﬁlézw@se%@@@%@@ | papacal lcﬁg W th
vari ous photovoltaic cells 12. e of resu
S d@%@t@v®h@alhecebbtt@aesoobesgme @ﬁ opesecexpentnéatsln

[ 0 bel o nnec ed Shaded Vol tage

C%??%n om%%onacFossg%ﬁg?o If%i%oﬁﬁ?ggsbfﬁFSHgﬂgth

dreswedy tphohovebhaicisgl E{ght brado331tead 881&96\@2 and

32 cell(s): (V) (m) ( (no di ode None 2.8 85.

239, %ur%%%ﬁe%¥e@?l%n60d g¢ thaougbashe. 4iedg2d3. The

C d) n W

Soapeeled) &gﬁ%&%u g 43 g}lgé 66sLd4a 3 qut P8 tollfa o
10 cleanect ed)

Diode Shaded Voltage Current Power
connected prhotovoltaic across through drawn by
across cell(s): load 32 load 32 load 32
photovoltaic (V) (mA) (mW)
cell(s):
12a 12a 1.82 54.5 99.19

15 This represents a power output of 41.4% compared to the
configuration where no photovoltaic cells 12 were shaded

from impinging light and no diode was present.

Further experiments were conducted where various

20 photovoltaic cells 12 were shaded from impinging light and
where the diode 42 was connected in parallel with various
photovoltaic cells 12. A table of results displaying the

outcomes of some of these experiments is shown below:



12a, 12b None 2.46 75.5 183.27 12a, 12b 12a 1.5 45
(no di ode 12a,

67.5 12a,

12b 12a,
12b, 0.031 0.9 0.0279

12b 1.6 48.

7 77.92

connected) 12c 12a,

None 2.15 63.5 136.525 12a, 12b, 12c 12a 1.1 33.4
36.74 12a, 12b, 12c 12a, 12bgl.26 38.7 48.762 12a,

12b, 12c 12a,

None 2.2 67 147.4 12d 12a,
16.06 12d 12a, 12b, 12c,

12b, 1.23 37 45.51 12c 12a,
12b, 12c,

12b, 12c

12b, 12c,
12a 0. 73 22
12a 0.57 16.3 9.291 12d,

12eodRacod@betd@c], 128n8dd48Q 15.[3vE1494e 12duridetr [2fpower
9 12a, 12b, 12c,|12a 0.24 6.8|1.632 12d¢, 12e, 12f,
129 £F&CSE2b, 12cPNePAVEIDYIE.|7 LB igzabr%@h | grawn by
EE e L
12b, ce24,(sMone 1.P4 59.6 115.624 (mA) (mW)
(no diode None 2.8 85.5 239.4
connected)
(no diode 12a 0.246 7.4 1.8204
connected)
12a None 2.49 81.73 202.437
12a 12a 1.82 54.5 99.19
(no diode 12a, 12b 0.066 2 0.132
connected)
12a, 12b None 2.46 75.5 183.27
12a, 12b 12a 1.5 45 67.5
12a, 12b 12a, 12b 1.6 48.7 77.92
(no diode 12a, 12b, 0.031 0.9 0.0279
connected) 12c¢c
12a, 12b, 12c¢ None 2.15 63.5 136.525
12a, 12b, 12c 12a 1.1 33.4 36.74
12a, 12b, 1l2c 12a, 12b 1.26 38.7 48.762
12a, 12b, 12c 12a, 12b, 1.23 37 45.51
12c
12a, 12b, 1l2c, None 2.2 67 147.4
12d
12a, 12b, 12c, 12a 0.73 22 16.06
12d
12a, 12b, 12c, 12a 0.57 16.3 9.291
12d, 1ze
12a, 12b, 1l2c, 12a 0.49 15.3 7.497
12d, 12e, 12f
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12d, 12e, 12f 12a, 12b, 12c, None 2.29 68.8 157.552
12d, 12e, 12f, 12g 12a, 12b, 12c, None 2.19 66.4

1453416 12d, 12e, 12f, 12g, 12h 12a, 12b, 12c, None
2.5 75 187.5 12d, 12e, 12f, 12g, 12h, 12i Figure 6
shows an exanpl e of a photovoltalc cell circuit 50
conpr|5|ng a plurallty of serles connected cells 12

Ada—A49 rall Al acres

dl VAL a u ogtT bUHHCLLC para— T oGt
t%g plu?§1|9% of cells . Wth u(te?rﬂence toBF?gur(

t hi2sl, ai2reguilzfi,s fealised by pliacing the|di ode 42
acr oss the term pals 8a and 8h of the photovoltaic
tile 2.13%e diode| 42 is reverge biased With respect

\Uk

2}.632

Tqthe phuraiily of 10 gel s 12 Tar gdreeveng that tong -5
or more of the'ce|ls 12°'s shaded from i/npi ngi ng :
Iihgwb,lﬂhe dizdde 42 can provide an altennate pathway
thro % h current can flow.| This can|- 10 be
parti @lal%% advant ageous when |a plurality of

photovaldai g ¢el T| ciTcybhs 50, [and specificald % a | 151.572
pluralltégof photpvoltaic tiles 2, are connected in

series described bel ow. 5 The photovoltaic cel

frth

LI ur L U I y pe—conn bted iﬂ Snvinﬁ Y LH o nc
pﬁgﬁdvdﬁ iﬁcéll circﬁ??% 50 as ?%63% ﬁﬁgdi . 127.305

Thlslaﬁ,eQQ@yalent to the series connectlng of
photovoltaic tiles 2 where each photovoltfaic tile 2

h&ga, 12b 12¢, None 1.94 59.6 115.624
12d, 12e, 12f

12a, 12b, 12c¢, None 2.29 68.8 157.552
12d, 12e, 12f,
12g

12a, 12b, 12c, None 2.19 66.4 1453416
12d, 12e, 12f,
12g, 12h

12a, 12b, 12c, None 2.5 75 187.5
12d, 12e, 12f,
12g, 12h, 12i

Figure 6 shows an example of a photovoltaic cell circuit
50 comprising a plurality of series connected cells 12 and
having a diode 42 connected in parallel across the
plurality of cells 12. With reference to Figure 2, this
circuit is realised by placing the diode 42 across the
terminals 8a and 8b of the photovoltaic tile 2. The diode
42 is reverse bilased with respect to the plurality of
cells 12. In the event that one or more of the cells 12 is
shaded from impinging light, the diode 42 can provide an

alternate pathway through which current can flow. This can
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10 a diode 42 across their respective term nals 8a,
8b. If a cell 12 fromany one of the photovoltaic
cell circuits 50 is shaded frominpinging light, the
respective diode 42 of the respective photovoltaic
cell circuit 50 can provide_ apy alternate pathway

t hrough which current can flow. In this 15 way, the

' r s 12 from inpingi Li ght
o P R I TR €808 Eath T o IR IRLES o
dplodiecoslios hercsid t ehiogidevice was sptcconpect eda

across. . each_photovoltaic cell circuit 50. 20 In an .
a?{%¥%%i?¥eoﬁn%%ﬂFﬂ%ﬂ%?a%ﬁetﬂi%ﬂez4Zaﬁ%y0%@nﬁﬁﬁﬁﬁeén series

ags 08Ss & phalg abd iy, 0f photovoltaic cells 12, for
exanple an array of photovoltaic tiles 2 in a roof

mount ed sol ar energy system This can provide the

vant.age wher eby a i gher vol e can be attained.to
Rplphlic e L REABS HTR A i S R AR A
phot Dyol watle cetthd2 psosbadedai &reminpingiings 50 as shown
sunlight. The farallel connection of the diode 42 in

edthF TPt olol Tiai @ %%I?q%iV%h?@tSDOIBE%Iﬁ@ééeﬁhéonne?ting
12.
agfe§§§t§$$§f£§c 801 % Qnﬁhgfeng%@%g%%gpgﬁggé%§g gl?e 2 has

each photovoltaic ce circurt r Om
i apilhgdlegd? i ghtosThehedt t agepedt Dpe aceossnbhe 8hpdeb42If a

wil].be negligible if the series  connection_of | ,
SHoHbyER B CRRY RPF B L 6180V R ST QERL A€ Frgel L1t rguits 50
sud féich @ad | Frohghnyohy 288, 1{ gkt exanPl ebpethevEangsqef 42 or
100V and above. This allows a piura[lty.of series .
cormett e phbYovenebpeotepiccretli €5r60iti 5@. can provide an

p [ Iles b d erate .
PR E e o Fhobgh PR SR SehPoORRCE B e By g ehis
wh ¥ e phovsididigna otanse wheneby tdelshadi agoaf ihpghting

frominpinging on one or nore. cells 12 will not :
rLH%%%qEW% a%%Fe@%ﬁ?itvbmt%@e1%§g%sanﬁ%ﬁer loss than if a
diode or other switching device was not connected across

each photovoltaic cell circuit 50.

In an alternative embodiment, the diode 42 may be applied
across a plurality of photovoltaic cells 12, for example
an array of photovoltaic tiles 2 in a roof mounted solar
energy system. This can provide the advantage whereby a
higher voltage can be attained to overcome the voltage
drop when a constituent photovoltaic cell 12 is shaded

from impinging sunlight.

The parallel connection of the diode 42 in each
photovoltaic cell circuit 50 localises the adverse effects
of one or more of the cells 12 of each photovoltaic cell
circuit 50 being shaded from impinging light. The voltage
drop across the diode 42 will be negligible if the series

connection of photovoltaic cell circuits 50 is generating
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than if there were no diode or other sw tching device
used. 10 In a specific exanple, the diode 42 can be
used in conjunction with a roof nounted solar system
In particular, when a roof is arranged to have
mounted on it a plurality of;photovoltaic tiles 2
that are connected in 15 series, the diode 42 or a

uralit e 42 n be _connected in par
B Ch e kot ron e T RRer VBTt areomgbe | tn h3hE,tdhoe of
tro@wdu&e;ﬂhemadvemse eifert AfpDRLaDItPOEE series
photovoltalc cells 12 belnf shaded fron1|np|n gi ng
| FgHEeC R 1PN OheY ehbatf et t et @i bees @2 (are- photovoltaic

theramldy ﬁ@syea&§gd téoﬁeﬁéfgpee f%gf}ggﬁthfghbgnou?h to,

I mpi nging sunlight. Int way, age curren
(ﬁOIFEXQm@b@ 4QuMMa@hlmserUepemueh$ pnovhe1Men@emaause
of th de 42 uced to sone extent.

il B 5y 08e L S SE R e SThS "D ey o more

f@éﬂ&§all wila ﬁ@@fré@ﬁ@é ERET Y¥hiSYSh e vbheadb08@Sas much
42 can be insulated fromheating due to inpinging
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diode 42 and the inpinging sunlight. The layers may be
any one of or a plurality of insulating materials, for
30 exanple air gaps between conponents of a

otovoltal tile 2 n t her sul ating nmeans. It
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connected in parallel with any combination of photovoltaic
cells 12 so as to reduce the adverse effect of one or more

photovoltaic cells 12 being shaded from impinging light.

In one embodiment the diodes 42 are thermally insulated,
for example from heating by impinging sunlight. In this
way, the leakage current of the diode 42 which is
dependent on the temperature of the diode 42 can be
reduced to some extent. When the photovoltaic tiles 2 are
mounted on a roof or form part of a roof solar energy
system, the diodes 42 can be insulated from heating due to
impinging sunlight by a layer or layers arranged between
the diode 42 and the impinging sunlight. The layers may be
any one of or a plurality of insulating materials, for
example air gaps between components of a photovoltaic tile
2 or any other insulating means. It is envisaged that any
form of effective thermal insulation can be used to reduce

the leakage current of the diodes 42. Other devices may be
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to particular exanples, it will be appreciated by
those skilled in the art that the invention may be
enbodied in many other forns. For exanple, other
types of switching devices nmay be shunted across a
photovoltaic cell to 10 pravide an alternate pathway
for current to flowin the event that the
gﬂ&%@va$té%&lcgﬁé hpogbaded Lrom LIPLOGI NG, LighL,s,

uch devi ces na Tlde antir1uses® of® ran
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cell IjCUIt 40 i s_described _as a series connected
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circuits connected in parallel, or a conbination of
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forward voltage drop of equa ess
E@IQNiQﬁeasmmlt@rn@tdepathwsucﬁorasuaneanttefﬁsewoinathe
transi stor._s or .a simlar
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def it ngstidie deventsoRapr enasuf®l beWsrusds Sr transistor
photovoltaic cell circuit conprising: a plurality of

phiHt Vol 1A @2 €EFES- connected in 5 series; and at

| east one switching device shunted across a group of

one or nore of the photovoltaic cells, where the

sii ¢chiwgl bdevilce phovodestaicuceehtcpathitonot he described

as a series connected circuit with a single shunted
switching device, the invention may also be applied to
photovoltaic cell circuits connected in parallel, or a
combination of both series and parallel circuits where a
switching device is placed across any number of
photovoltaic cells. Alternatively, a switching device may
be placed across each photovoltaic cell or in combination

with switching devices placed across a plurality of cells.

Further, while the illustrated embodiments incorporate a
diode type switching device with a forward voltage drop of
equal or less than 0.7V, alternate switching device such
as an anti-fuse or a transistor switching device with no,

or a similar low forward, voltage drop may be used.
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circuit when light is obstructed frominpinging on 10
one or nore of the photovoltaic cells across which
the switching device is shunted. 2. A photovoltaic
cell circuit according to claim1l1, wherein the

swi tching device is one of a ﬁiujality of 15

swi tchi ng devi ces, each sw tching device being shunted
ro§§lfqug§tfve grougs of one, or

claim1 or 20 cIa|n12 mhereln at Ieast one of the
switchin devices is a diode. 4. A photovoltaic cel
clrcuid RRBYWPHrto %?%In?Brcu%he?%mﬁrhﬁlP@ast one

di ode has a I f I

less than 0 Ui 6 B photouo Tar 5 aar | CErr g rpinéred in
accord$©gi¢©,c$@dn13 mhereln at | east one swi tching
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the gr s of, one or nore Photovolt ic cells are
arr anged o AEFobRIf OVt Rel BoFFRREFON and conversion

of solar energy into electrical energy.
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2. A photovoltaic cell circuit according to claim 1,
wherein the switching device 1s one of a plurality of
switching devices, each switching device being
shunted across respective groups of one or more

photovoltaic cells.

3. A photovoltaic cell circuit according to claim 1 or
claim 2, wherein at least one of the switching

devices is a diode.

4. A photovoltaic cell circuit according to claim 3,
wherein at least one diode has a forward voltage drop

of equal to or less than 0.7 V.

5. A photovoltaic cell circuit according to claim 3,
wherein at least one switching device is an anti-fuse

or a transistor switching device.

6. A photovoltaic cell according to any one of claims 3
to claim 5, wherein at least one diode is shunted

across one or more of the photovoltaic cells in a
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10 8. A photovoltaic cell circuit according to any one

of
is

the preceding clains, wherein at | east one diode
thermally insulated so as to reduce | eakage

current of the at | east one di ode. 15 9. A
photovoltaic cell circuit accpyding to claimS§,
wherein the at Ieast one diode is insulated from heat

due th %@Q?uggc% % Qh{hgyﬁlolaygé gégln%%! tlngd By The

materla arran

ween t

| i ght.ond. OJA m@fdéloldh@f_oﬁ@nﬂeﬂa":l 8@l as photoysl kaiencet! is
circuit g nmet hod conpri sing: connecting a

plural??gp?ﬁ

photovoltaic cells in 25 series; and

shunting at | east one switching device across a group
of one or nore of the photovoltaic cells.

10.

A photovoltaic cell circuit according to any one of
the preceding claims wherein the groups of one or

more photovoltaic cells are arranged on a roof for
the collection and conversion of solar energy into

electrical energy.

A photovoltaic cell circuit according to any one of
the preceding claims, wherein at least one diode is
thermally insulated so as to reduce leakage current

of the at least one diode.

A photovoltaic cell circuit according to claim 8,
wherein the at least one diode is insulated from heat
due to exposure to light by a layer of insulating
material arranged between the diode and impinging

light.

A method of connecting a photovoltaic cell circuit,
the method comprising:

connecting a plurality of photovoltaic cells in
series; and

shunting at least one switching device across a group

of one or more of the photovoltaic cells.



