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From the patent US 5 759 291 A (Inchinose et. al.) a semiconductor element (wafer)
with parallel metallic contact or current collecting wires ( electrodes) which are fixed to the

surface of the element by means of a conductive adhesive, in which conductive particles are
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dispersed is known. These elecirode wires are arranged in parallel between connecting

es of the element. For this type of electrode the

ohmic contact resistance between the semiconductor surface and the wires is relatively high,



ohm c contact resistance between the sem conduct or
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Preferably, a second plurality of wires substantially running parallel to each other is

disposed between the transparent film and the wires of said first plurality, the wires of the first
and second pluralities forming together a mesh, and the wires of the second plurality being

electrically connected to a second terminal bar.



Preferably, a second plurality of wires substantially
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of a double frame is arranged below or above the lower or upper halves, respectively, of the
neighbouring double frame.
| A slot can be provided in the central bar of the double frame, and said slot running
parallel to said step, so that upon completion of a PV module the traversing wires of the
electrode can be cut.
Finally, metallic bars may be arranged spanning over at least one window of the

frame(s), said bars being integrally connected with the corresponding metallic frame.
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during production the degree of automation and the throughput capacity may be substantially

increased.

In the following, the invention is explained in more detail by the embodiments

illustrated in the drawings.

Fig. 1 is a schematic isometric partial view of a PV cell before, and
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enbodi nents illustrated in th rawngs. Fig. 1 is a
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heati ng and/ or pressing step duri?g t he production of
aFRVv5Bel |, shmwgs thg crasssedionehadid Figodet ric view of a

sh_of contact .wre ' ' . hineSOIBYEEQy to th
DRBNSEr SOakoR vish Pn dildhoad e FiASHEEnfing PRIl to the
optical ly tdregparcfile wirecofBigesd, Fig. 5A is a view of

an el ectrode produced wth the deéj.c% f Fig. 4, Fig.
5BisBBs t hehaw e CrasssrgionAl - ARIgie. é?. 5A, Fig. 5C
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Fi.g. 6A sho the view of. an, el.ectro strip with a
i Smsin,  Shas (i B OSHSRRLioR s AT SRt on 8 - B of
gkgg |Z6A’ Fi' ghoRGnShQWemhii€ i hefrf sx@lide@Rrictv theAssdntifll dements of

ig. 7 shows in a schematic isonetric expl oded
vi ew t he ess@&W ¢l beforerheating @fd pressmg, cel | before

heati_ng and. pressing, .Fig., .8 i S tiG o i

e% - 8ded vi B 6&6 aggésé)r?%tré%’g)j?%\gn\?lggﬁ tah%m5 e éemrrfé({ndtuglem of the
of a PV cel LichRhRIoF alTeatéinBefBRtheprigssidgressiieg. 9A is a

view of a third enbodi nent of a PV_cell, Fig. 9B shows

t Feg- hoss- st Viey of a-thiad gmbpdigenhef UV Ieli ¢ el enent  of

Fieds oy F Los 508104 £WACHF (BENEHBYqIRY ABhEs: of Fig. 9A,
bkg?gﬂg%g\r r analgjavsllﬁétctes%’%ﬁlr%%(ﬁ é(;sfttlﬁl % V\%iach PV cel | sg ]
arg. OANect adtheovieacif sevéral PNncablarbeirigedrranged in theo®rm of a strip,
shows the section A—ﬁ of Fig. ]dOA, Fi g .10C shows t he
section B- BWHCHAYY) celfs g conpecty t‘ii?—(‘}ﬁcg THR PP of

SHLNBE PV Sk Bedibn AL orag. st rip and with
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Fig. 10C shows the section B-B of Fig. 10A,

Fig. 11A is the view of several PV cells in the form of a strip and with electrodes
forming a mesh, which cells are connected to each other in parallel,

Fig. 11B shows the section A-A of Fig. 11A,

Fig. 12A shows a further embodiment of an array of PV cells being arranged in
the form of a strip in which PV cells are connected in series,

Fig. 12B shows the section A-A of Fig. 13A,

Fig. 13 is the view of a further embodiment of an electrode strip with electrode
wires arranged in the form of a mesh, wherein the PV cells are also
connected to each other in series,

Fig. 14A is the view of an endless electrode with single electrode sections for

forming one PV cell, respectively.
Fig. 14B shows the section A-A of Fig. 124,



form ng a nesh, which cells are connected to each

other in parallel, Fig. 11B shows the section A-A of
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array of PV cells being arr@anged in the formof a

strip in which PV cells are ted. in series, Fig.
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Fig. 15A | s sehies wbwfcmmcvefra s#iilbay of PV cells being

ar er i astrlp, Fig. 15B
ﬁr e se "d eﬁeﬁ ‘Eb'-‘({gfﬁ%gé Fig. 15C shows the
sgGEl T B- B bwk i@ sediioh BB nglgG%Ashows a further

enbodi nent of several PV cells bel g}farra ed in h
sdfigel/ i n t Hé o sphamatic gxplpded, view; gt fiBY module wit

section A-A %%%f&gme&@rfgv Jghg 16C shows the section

B-B of Fig. is d schematic expl oded view
of FighE8 el eneshb®s afﬁlahé?\émhmduhmt\mf alPV pedilesindamiedbat@f Fig. 17,
PV cells, Fig. 18 shows a further enbodi nent of a PV .
modul e sinil@f to that of Fig. 17, and Fig. 19 shows

a ﬁl r f& er - %8@% g?gﬁhé?fen.ﬂ)o@}ﬁlé@ dy b P V5 {nBthIB sithiPartth @at F Figs. 17

snows a sem conduct or
structure S, anflds. exarrpl e Silicon(n+n(or p)p), the
upper surface of which (always in relation to the
depiction in the figure) is covered with an anti -

r &fil eCthokes 2 bErRRSRACER siru@hRES, HbE atdmple Shidoatd mer p)p"), the upper
coa ing 4 such as, for exanple, |ndiumTin- '

surfagd SOWhickhalwtysriprelation e thel depictinsindhe guzg) it Pwderffd With an anti-
reﬂe(ggzgte !ggnrrsg)g%%l&r giect{l?]é’@ C iﬁﬁ%tﬂgagcaot%lilﬁ t4h§lcﬁ|a§nF&t rr? Igcrhum-Tm-
Oxida (YN The eRment\Stdan alko caﬁstmt-dfefthmefﬁlmﬁv dimmtp"ﬁheehtver surface of
the eféé% r§:§g ,%lollt)éd %gﬂgruv%tt}ll \a(?ne%glactolaplgg e.g. 1;1 uemi%&uenr;se or al?ernatlvely with an
anti-reflective, transparent, electrically conductive coating 4. The element S and the upper
coating 4 form together with the metal coating (not depicted) or the second, lower ITO-
coating 4 a unit, hereinafter referred to as a wafer 3. The two surfaces of the wafer 3 are in
contact with the metallic wires 1, which are coated with a coating 2 consisting of an alloy
having a low melting point. The wires 1 may be completely coated with the alloy coating 2 or
only partly coated on the side or sides facing the surface to be contacted. In the following, the
coated wires are referred to as a first plurality of wires 5°. They are in direct contact with the
surface or surfaces of the wafer 3.

Fig. 2 shows the arrangement of Fig. 1 after pressing and heating up to 120°. The
material of the alloy coating 2 has slightly softened and wetted the coating 4, and is in ohmic
contact with said coating and the wires 5°. The same refers to the case in which the lower side

of the element S is not to be provided with an anti-reflective, transparent, conductive coating

4, but with a metal coating. The distance of the wires 5' is not required to be uniform, i.e. the
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11. The overall width of the film 10, on which the wires 5’are placed, exceeds the width of
one or an array of several wafers 3, so that on each side of the film 10 a zone of 1.5 to 2 cm
remains free of wires 5' (Fig. 5A). The film 10 is lead by the drum 12 over the surface of a

rotatable roller 13 and is pulled by a drum 15, simultaneously pulling the wires 5°. The wires
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stability, resistance to shrinkage and have a good adhesive ability. Examples of such materials
are cellophane®, rayon, acetate, fluororesin, polysulfone, epoxy resin, and polyamide resin. A
suitable material to be used is also the transparent polymeric film Mylar®. Materials to be

preferably used are those based on a fluoropolymer; for example the polyvinyl fluoride film
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adfiRsd1M@rdde N 6rorhuhvention may be applied for the production of PV cells and

PV modules. Hereby, different types of metallic rods or bars and connections are required in

order to collect the current from the electrode 16 and transmit it further. It is hereby advisable
to attach the metallic rods or bars to the electrode 16 by some drops of glue or by brief local
heating, thus bonding or fixing the metallic rods or bars to the adhesive 11 of the electrode 16.
The distance between the metallic bars and different types of connections has to be designed

in such a way that there is enough space between the wafers 3 so that they will not come into
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contact with the wires 5° and 5” of the electrode 16.



connected in series and parallel to each other thereby
constituting PV nodules. Figs. 10A, 10B and 10C show
wa@reooafoell4ess el ectrode 16 with conb-1i ke ternm neCT/oAae®3/001278

23, the longitudinal bars 22 of which outside the

. wires 5 are running in parallel to themin the
q}'xrtﬁi‘%teh%dﬁﬁetﬁ e WaRel 3 adipaitioasd eithimnthe Givirtdosvs@ nfifrems 17 and
el ectrode 16. The longitudinal bars 24 are.iptegrall 1

the P\ artecre donngdted; Flalﬁiwﬂg?]sg? wash, sthen Pt mgAry, of dhe HEP%F %‘{d ower
g%h "teeth" of the conb), which fromthe one or the

electro ﬁi@

direction, respectively, are protruding into the
Masee AhslveeB shivw avrties sonection efiewverdl ®VEtglls. Thoprminal bars

(cross section A-A of Fig. 1QA), the upper rfaces ,of .
25 runping, o ENSYrEGIRSHER B PS 105 éﬂaL SHAPHER of R clrode 16, with
A nsulat i i1, LloSida WhE al @a8he 2urdd@Rirupper and lower
pe”OdbCSgYilﬁtﬁr@ telds‘blgap?p féﬁ(llfg1 11cg)nlsi sting ao angel ectri clz_a T .
sides, @%‘)ﬁ@@tﬁkﬂy{l el{@bbp]}'t.hf Farest 57 eoi(f:j thgheppier g&ﬂﬁr@dgéﬂ pravide zjg;mlc contact
the insulating film i eposi ted on t QWET.
betwean ihe APBOTLAEE TR LEORE R DIEIAE Lo e iFs WA aranged on the

i | L tRd waRes [N R Ebwet lelerfiBde b Pprolid©Ghmic contact
ngm:%%%&%”%ﬂ%qgggég sectign B-B of Fig. | 7%; the

QA.

betweaThedbwensids bbsachiterntinaj dar 26 And ghe lower pide pl/theayaisr 3 arranged on
ar.r arhged that way are connected in parallel with each

the lefpgide tiereqince the respective left transverse bars 25

8. 18! @i madddiess ¥NtaoHEd 6] Gulichen [tV seltid seriés tévmection is
warers 3 and the respective right_transverse  bars

25 .
accomatished! tac menessfi Y- forsmademetallic fiermingh bars #6e Pats; 2k olofhe tggninal bars
.waf ers, 3 bej.ng .} e e ' B N

rnning T 5B QSRR ATOARE syphblas lente SHAM g camserse
bars 26 Shdrsoftahdink & a Ganneakidiestiostahk atectrodéil §are BAharidc@Bact with

are configured in the faorm of three-layer d f aNe ii: terminal
the wites,5"whhe Wakess 3 ARSI EhD e ERRF OL e, TGy Hfaliic terminal

tall ' ries and an

bars 2?‘3 ﬁg@ #:)gctv\feﬁ% El%p’(@?@#ﬁ%d%&?f&@@hdd%s 36!

ric film19 arranged between these
f TheegmtBionSof theewafutsSr with saees §f arerramilanteghatsBoyn in Fig. 12B.

CBigos! A IRRcstiaer pgosadd €6 B i BT IRCp el seris

| { S5t ot s 512 0ind 1B ah@® ahdl@etfishofor MR arrangement of Fig. 13.
Comeé‘gﬁh#o‘%&% PCTPEAZ003] 001278 12@§ﬁlthi s embodi nment

The whtles Shvarearach Biterruptesbly peréarations 2% whighclugle g Bgionippne wire 57 or

frame 17 and. the PV cell : i - &l X
several gviges Sy @ﬁmagpved% gg%onlgrgeo ftﬁ'et %gl%bt ?g?ﬁ% %lggtlr%c\%e fr@fe%alm% better when
the p&kSiatisdes kRrrupt @aly bie AvRads’] ZoBpatedwwaths frei ease where several

connection of several PV cells. The, term nal q%ar(i 25, strip of
neighbammingnyiten are aAEoBtesle 1i thecliteh cass ithis TesAEmsRged hat a stip o

ext engl on 0 eleact b L o BE lon OB Gk foYated part of th
transpfterE AR Pl EE fff (1BE Shofin) Y teBplifie oM GRlobared part of the
electr@de 161 o dittptien tramtetsevethe lengielinal extongon v’ét.h;_equ@rpé@w.

f:gemw {y?smstheogmw&]%% e BiSCH 988 A%nBhP 'l A Mrhing in the

longitudinal direction may also be interrupted, along with the wires 5°.

Thus, on the lower and upper side of wafer 3 respectively there may be used identical
electrodes 16, which are shifted with respect to each other only by the width of the distance
between the transverse bars 25 and the edge of the next wafer 3.

A basically different construction of the connections for carrying off the electrical

energy is described with reference to Figs. 15 to 19.



bet ween the upper side of a term nal bar 25 and the
upper side of the wafer 3 arranged on the right side
W b@noofsss whereas the wires 5 of the | ower el BCT/Cagi®3/001278
16 provide ohmic contact Bétween the |ower side of
, each termnal bar 25 and the |ower side of the wafer 3
atf ange da@kree-layered
o BRI ftthopt 860t Gihngfpith ABIERE 10 FipChs £ RN dAec ly

doubl€ gane A7 @mpn?smganmmpﬂallsﬁwndm(prﬁéa‘ably@bpmﬁff@i)ra&jand an insulating
metallic termn

film @aprgwqegrﬁﬁtwaeq equgamsﬁg[pttﬁ ﬁ%ﬁaﬁ il gtgf)glhle gameah and parallel
theretg Qr‘gt‘g‘p‘z&%@ﬁfed WrEd'hdiBR §f fafBstep coRBghohdierol theREviatesof the metal

hereof running Iin a transverse direction to
foil, ilsh® st Ordte0.36nar(Eigsn1 oA B,ddDads SWUt Fomig. LAk dae metallic

framep R ols TP OG- HELACI OB SRR AT reifar o 2ac n AP Tnltt pper par

ofa rﬁe'thhélﬁeﬁfe 28N abr AR 28bRCtHE 9B IoMer p Eﬁhefﬁﬁrm’eadja«:ﬁms frofhe 28, The
he wafers 3 with wires 5 are S|mlar to that s

msulatmg Fﬁlg1 192Bovidei d@twepmpghgn@volwegwéwgamet@i T gxga%g%f adjacent

e

surfadel T tBE FRAGEDT T&bns@fucff(bxg THe3wafefsh® avd pesitidiled azvlﬁlmahﬁl“wmdows” of

i nterrupted_by Eerforatlons 29, V\:h& gg eith tact

framed¥l. Yherveiregi 3’ eofghe gpper@@g dower perfozate -elecqr%(ie& +aT¢ 4 ic contac

4 | @9 hd Bark %@"éh&? f the frame

with tgétsfn V\hefnthg a%& pér o?{g?{r%h 1\)8 ligfr?l:afelr r%pt only one0 )

windoms. th wir€sostpare @@Iscwmaﬂy tcbarflercml:tswmh eheewtgﬁ;vé a:dt the respective upper
nei ouring wires are, perforate e,Jatter

and lgwer bars il ﬁ@édﬁtel‘%lffa esqft epm&?alhct ﬁg\rﬁgsp%gr ghctontac% Qi the wires

f@ﬂrxk'ﬁh £ lab {; RB4tIENPVRYYiRE adBR! hEKing Poliiedr are just
perﬁdfgst%légoé&aért of theal g ectur%gde 1% [gn a di rectglrpon
tinnedransverse to the Iong|tud| nal extension of the

ctrode 16

th
S ol 3 Sy ol fn SHBPS} R L0l Fly ot
dip{RC6AN 18BY atl $6CDMowNk Sl et sﬁﬂ)sﬂﬁﬁlany tsimplifded, construction

wires 5 . Thus, on the | ower and upper, si dePo er S’i)
wheraig ﬁpeum—pﬁgf(yatpﬁ elestrodsy! heorrpspendsde Hiat glégwn m Kags. g%g%'@ In this
case 189ng%8$%§ §Jh41 s?eS; éé%tulﬁl&e%s RRELe 1bRei 18hReH 8B MMed up like

ance betvveent transver se
the frRRES2PEs @dpittédien Bigge5SBEnd HECnext waf er 3 A basical | y
di fferent construction of the.connectiaons fo car % g]gray two

offig.t he Pwst 1 @afiravwanehly flepictiof sTePFeSeRfays A raef“él}
i e shifted wi
superggse(}'r?ge%%lhgi 51{%:'5%% with %tgg ﬁl{ 98 HiaaleRad/aAREHA3h QR 2i€iéBs shifted with

asi| c enent arrangenent according to
respe&l tg .eadibothsr. mapednadﬁadunemebls laayagmbnt drothia the frepswsrsgbars 31 are

onprising two.net, C fra (
sy By S avn ST B B A M Bl conneie
with I.thg gr?&alil{: &R 28, h thitCerhyHimsht, ﬂl%l'baﬂsf 3deue beerfthﬁf(ﬁlcﬂé’n of the wires
parallel thereto a step_is provided. The

5 ofdie lswed cktizpde by pfetélwnd@ltm ianithe eqmplsted iV ﬂ??é‘taé? in ohmic
Q. B,
contai%ﬂth ﬂ}&g"’*@’é’&ﬁvﬁc E)wer fa%e fg gle \%#gpﬁng@a %1% abdvé thetr

In order to complete the endless array of series-connected PV cells, simple frames 30

are provided at their ends, wherein the simple frame 30 provided for at the left end of the
array is also provided with bars 31.

The construction is completed by an upper electrode 16 with electrode meshes 6, the
wires 5°0f which are perforated and after heating and pressing are connected with the upper

surface of the wafer 3 and frames 28 and 30. The lower electrode 16 has perforated wire 5”



frames 28 are superposed in positions shifted with
respect to each other, i.e. the left upper part of a
woreqoalobisss frame 28 is arranged above the right PCDEA2003/001278
part of the left adjacent filtane 28. The insulating
film19 provided between the two superposing netall
sectubnsawewgé &elésdqua@mgtm lengityiinak diggebian, a1 Wirg spRtions Or t“§re fields
ends in
being rfice o 38 ENIREl pP YNGR ' GEES ] B ARG B Herk ey take
over WBd @lirtidn af ehep@ired HQnied ofilichwited being vhlydadsectlyfconfiecaarbwith the
27. The wires 5 of the upper and | ower perforated
lowepperdice@f@efr@ - are in ohmc contact with the surfaces
OfF i ?%Wv%raﬁlgér?‘t%ﬂﬂn&ﬁ %11152‘39@ fat ﬁﬁFlheﬁ wih ﬂler difiBlenB@hgt instead
ac rame  wn e Wres are
of the ﬂce;eérrdl@abﬂg/ 16 artraasiaesht polymetin ﬁlwlﬂasp@vmddo wihéch an adhesive 11
respective upper and |ower bars of the frames. The
is apRlifit aces of the netallic frames 28 in contact with the
W 8511y, §n F .49 ahfenﬁgﬁﬁ%ﬁ@fsys’ho% Afneithr b At adpi@tbd @YFigs. 17 and 18.
coatlng 2 avi ng l'ow mel ting point or are just
The tppen eketctrd’dmkﬁ haStanllmu}D@Bmt@l weshdd. é@ pidst that thatvaresdnaéte electrode

6 canyrpiiiied o enipr Gmgfon EEEPHRTRRI ST T Frligh M bar and

in th€ e&&td] Bat bPihe MRS 28 Bs WEER ab @ntheaéf and@tieh: Wre6f ﬂﬁd@ﬁé;ﬁand lower
corresponds to that shown in Figs. 5C and 5D, In t

I S
frame 38 @ Slrigi is mervidad. Bhissle 33aunnpaalel dp therstenstlibpse defs 33 allow for

The I '
e VRS SE PR AT 502 O b8 Wb Dt PV o
The Whighof the sibtdSBaWBalOwltatedQ@ kadh DWay tleptieseindsad’iafler pérferation remain
whol e array superposed netallic franmes 28 with a
permgRaly] lhteffHEteﬁ?H‘él iselaggdofremm eaghytberi n positions shifted
Wth respect to each other. The special feature of
this arrangenment is that the transverse bars 31 are X
spanni ng over the respective right |ower w ndows, said
bars 31 being integrally connected wth the netallic
frame 28. In this enbodi nent, the bars 31 take over
the function of the wires 5 of the |ower electrode
16 of this invention, i.e. in the conpleted PV cel
they are in ohmc contact with the respective | ower
surface of the wafer 3 | ocated above them In order to
conpl ete the endl ess array of series-connected PV
cells, sinple frames 30 are provided at their ends,
wherein the sinple franme 30 provided for at the left
end of the array is also provided with bars 31. The
construction is conpleted by an upper el ectrode 16
with el ectrode neshes 6, the wres 5 of which are
perforated and after heating and pressing are
connected with the upper surface of the wafer 3 and
franmes 28 and 30. The |ower electrode 16 has
perforated wire 5" WO 2004/ 021455 PCT/ CA2003/ 001278
14 sections or wire 5" fields running in |ongitudina
direction, said wire sections or wwre fields being
connected in the conpleted PV cell with the bars 31
and the frame 30. Here they take



over the function of the wires 5", i.e. of the wires
being only indirectly connected with the | ower
wawoazesdf wafer 3. Fig. 18 shows an enbodi mePCT/CA2003/001278
simlar to that of Fig. 171 th the difference that
‘ instead of the |ower electrode 16 a transparent
polymeric film10 is pr ovi(dmst o whi ch an adhesive 11
is applied. Finally, in Fig. 19 an enbodi nent is shown
simlar to that depicted in Figs. 17 and 18. The
1. UpReEleeir8dd rodeordibetiigs amrelettricaller conduetivensstfad®, ihnparticular for
order that the wires 5 of the elec

! . gro e..6 cag be ..
contagiisefasrieast anasurée vhe RbgiayPEiF Glemspt bwlred). dnAlsE o5 comprising
. |l i d
R
one stdhice of sale filmp@o),amd hofivst plnﬁalan”eoﬁaaltata@hokly fmtralbl electrically

provi ded. This sl at e st
conduvmées st 574 P sA b TRacrR S e gl h B Shhe surfaces of
t k di
i R el sofpue iAo cath tonke ppcin
from tha aﬂhmvealawlﬂhmmg beverddr lasa Boatmgt() cqststing afippalloy with a low

et SR SRRSO Ty 4 A sl SASED o

termi¥P b ©03.7 ode for contacting an electrically conductive
surface, in particular for contacting at |east one
surface of a photovoltaic el ement (wafer 3), the

CHREERY o ERIRE LS 17 Boh Tl phabES R sbstaniaty

rumuxgglﬂérall{&l%ieﬁ&ﬁbtﬁﬁ is @RPoseud etvesen Ahe ganspafent filrg ID()) andribe wires (5"
Irst plurality of substantially parallel
of saig Iﬁé-‘éitRlW@hFM» yhe wiau(Rot3" of Hher st élsf secgafl pYralitisqgening together a
to, e &> Y. $e
mesh (& Sd [, GHRACS"Y Br (@ BLors phireiB, BARE eftburc i SRR 2 second
'wnnu@lbmwaﬂﬁ at least on the surface protruding fromthe
adhesive layer (11) being covered by a coating (2)
consisting of an alloy with a low nelting point,
V"Pfe'éﬁb@e LR8rdhd RScihim 2, Wherdil @hd fifs6 bndbdebad tdrhifd] fbars (20, 22) are
ectrically connected to a first termnal bar (20).
electrRalljEt@uectod & eechotlging to claim 1, wherein a second
plurality of wires (5") substanti aI Iy running
parallel to each other is disposed between the

4. tERREPAE 8&ordihg 0 bGP bf BRChrededing ¢leind, Wherein fths adrehinal bar(s) (20,
first plurality, the wires (5, 5") of the first and

22) arsemntbdmtdreapmep@se ensls of Hy Wwe(éhér) a mesh (6), and
the wires (5") of the second plurality being
electrically connected to a second term nal bar (22).
5. 3Electredd a@ﬂﬁilﬂg&obﬁlrﬁq twhesdimitm ﬂ:rmwlmérbef(l) (20e 2R) astprovided at

d d t trically . .
opposta ARG DL BRI (g or of (hEfBe PReouit BRIl s S 57
outs1d? fBé BEnBEESEHL PlofohBHATE eleyifl Bivitet BE tb@h&Tkitdhcets¥ WHikh the wires

(5, 5" are’ to be connected.

6. Electrode according to any of claims 1 to 5, wherein the first and second terminal bars

(20, 22) are connected to form an angle (Fig. 8).

7. Electrode according to any of claims 1 to 5, wherein the terminal bars (20, 22) are

formed as a U-formed frame, the wires of one of the two pluralities (5") being connected to the



22) are provided at the respective ends of the wires
(5, 5"). 5. Electrode according to claim4, wherein
wo b@4venss nal bar(s) (20, 22) are provided at POPpasiose01278
ends of the wires of the filfst or of the first and
second pluralities of wres (5, 5") _outside the U (Fi
base ardlOé QHifesalf thtethphplucaliey (5) c@ﬁ%ﬁ%ﬁ‘@c‘@%‘? ie fise legtof g U (Fie:
surface of which the wires (5, 5") are to be
13).  connected. 6. Electrode according to any of clainms I
to 5, wherein the first and second terrri naI bars (20,
22) are connected to forman angle
8. laﬂ:ﬁoﬂed&ccard@mg' @Iii’ edpimo 5 a gharagterifed; H’st aq %‘e éeHWH%IT gy (32) are
the term nal f QB s t@bé-’ccfr@nédi‘fe@and that a
extend g Oygr hFH%“g\H?P &6’%@0@‘%@&&/\0 pluralities %e N
step ‘Sg’%br% ARG @eﬁlmtwsd ket WIRAHY/ OtaBHal bars (32) can be fit together
CA200

forminplome abw} yls\é«gl?:yll %@p 163&%?@92 o t Eart(}%\%)r fsségégg ht?el&% %f ﬁbove the
lower g%g;iggpg}v%g,)ergsp%ctlﬁg%fr tﬁg %telgﬁﬁ&ﬁ[r%' teEmingl EdrE(Bﬁ) Swherein between .

rmnal” bars (32) are

the terSitla® Bals P2 mansulding| fnoiR) (igt M isipsidedt phot ovol tai ¢
Iemants (3) to be connected and that a step is
provided in their centre, so that a plurality of

nal ( n i thett@@ghdldars dre forined asmelosed frame
9. Ig\??mr(? A& &rdilgtﬁé ag%g V\}%I%r of ea term naSI L a‘f{}% £ th
(17), Be’ @pgeobrbeel(wndmw)abﬁvmd Heam¢ dé) %Pquﬁtgert % gsions of the
respectiv of th el ghbBouring term nal bar (32),
correspgmeing phob ‘(&k@@r?le ?’1’3(5(:}%% bars (32) an insulating
film(19) (Fig. 16) is provided. 9. Electrode
according to claimb5, wherein the term pal bars ar
10, fPRopsHemcadigtoatiif s veergn the teFW@aL‘ﬁ?éG?ésr(g%?S Eoied e double
f d f
frame Zb@f&bm‘f{j ?(ﬁgc%ﬁg%% eﬁl%l taﬂa% RO ERRBEdOhe Hﬁﬁensmnﬁ ‘of the

talc el ement (3) (Fig. 9). 10
conesE&&iéﬁ%&ﬁﬁo@ﬂ&waérﬁ@ltg@)cl aim5, wherein the terninal
ar I's (are) fornmed as a double franme (17) with

two adj acent wi ndows, the open area of which exceeds

t Egﬁ%ﬁm nc(%lgf)cﬁﬁ%%f LS 9 6P1 6. 6SRR&H IRG i (V) ddngiries two metallic

ectrodé according to claims 9 or
frame&@l 8)Wher i insiliingf filan€ 9) pRyvidedrhstwerashemo netal lic
frames (18) with an insulating film(19) provided

bet ween them 12. El ectrode according to claim 10 or

1 0001 OeHeretn 4 §t mmm bathe@fentral bar of
ﬁéecﬁg %?éda¥c?%€re§aahﬁl so t hat a I urep 153\,‘{’ ty one TOW,
the ddula?e) fra@e (DB, $o that @@hﬂﬂ@b’ of (ﬁﬁmfﬁ tO ogﬁmg

in whg}]letgg g»gx% r}]@aké)f%gq@ﬁj o&bl & ’f)aigﬁlélfa%éd belo@ ok %Bg'ﬁedtﬂé%@w or upper

respectively, of

%'f'EHerlﬁlgth’ahﬂg ﬂmﬂﬂefréﬂné)(ﬂ)ls El ectrode
halveg '}QS gh\%gbto claim1ll or 12, wherein a slot (33) is
prow ded in the central bar of the double frame (28),

| d Tzlflg t8 cou(? AR M LEh2 the2&h @ s¥t8qB3) i Providid mml&i’bentral bar

of the double frame (28), said slot running parallel to said step, so that upon completion of a

PV module the traversing wires (5°) of the electrode (16) can be cut.

14.  Electrode according to any of claims 9 to 13, wherein metallic bars (31) are spanning
over at least one window of the frame(s), said bars (31) being integrally connected with the

corresponding metallic frame (18).



PV nodul e the traversing wires (5') of the el ectrode
(16) can be cut. 14. El ectrode according to any of
w@b@iuns148st o 13, wherein netallic bars (31) arBCT/CA2003/001278
spanning over at |east ond7w ndow of the frane(s),
. said bars (31) being integrally connected with the )
15. QOMIQERENAT rgecetled herdingnte {8y tOpEYeding xiaiss, wherein the
PC1/ CA2003/ 001278 17 15. A plural.ity .of, e| r h
electrodesc eradifagned 2andR GPAlEste W@E@‘Hw‘sn ripy i R gllfeeu%ﬁ{ef‘ o8 lenet
corres;%lﬁm "Q4fie EJe?&ﬁl Spirf%yl‘%? aﬁ{hﬁ@x&cﬂlﬁﬁﬁloltﬁi@ RlembaeUS) §d bé ponnected

I'CR can be“cut to a’l eng corresponding to the

for for@u PVOmodnleambayein fhealires &' rmunpne iy \aneitudidaldieseann of the strip
(3)..to be connected or. form : wherein
e cuh s s er G 3B AT RaY BTGEr Sh of e

strip are cut at distances corresponding to the
di stances of the PV cells (Fig.. 16. Electro

14) . .
16. Sledtmdactry aicaglinptoctlaim L.5vhertin eaierdlas teimpipaldar ) s provided
term nal r (22) oS .Drovj g at | east one of
along gt SE%‘Ee%gg? edgrs of P}aentgaﬁlg déglﬁq}lmaqlneylo) . 17. Electrode

strip according to claim 16, wherein along each edge
of the transparent film (10) are arranged comb-1ike
17.  tHectiavgl stiiaecopding to ?lhléﬂtlée‘ff r?’?%lo%fe*\ﬁﬁreg%e ?’2@‘8 ffapRparent film
respectivel y .. .from. ' AsWa £ dAiRCRAdhing respectively
O G N T

e Wwdth of the wires | '
from o3 side Hefwédnawh adgdcet phosdvioltyic aimnenits @) naerethy widthred theywires (5)

of the st mbspGAIAGHISHSY bripa it clerBhransdies iThe Joffgnd tower sides
of corﬂﬁ%%nﬁ@%%ﬁo'ﬁ%tﬁﬁ%l&ﬁéﬁ% (33 4hd BGifg isbted i the@btheOsurfac®V

u onprising at | east one el ectrode (16) or one
el ectrode strip (16) according to any of the

18. E;g, ﬁ’ﬁlggc%lggr e? {;ﬁ'ﬂg&%g gqrygér{l%%gﬁ ]g%% 806:31 afégt{r(sq/egﬁgi 8y (%et M &rode strip
(16) agdta‘&{iifelgﬁé & b¥ e f&é&e'uﬁlgl JIinds! eBPAGANbNE ORtmorgpot)valaic cells (3)

st one of its surfaces, the wires (5

. . of the
with afietestriqallncanducyiveeinties flsstivre opticaht Wﬂ@e@o%?@?% (9 pp at least one

. and onto the especti ' ing (4) and onto
o s e YRGS Y BRI B R B0 fconye
the res¥etfR tbrnfihalebalM 20D OtlefmBa L fasiend 7) by aieanswilBe alloy (2).
onprising an electrode (16) according to claim 2,
wherein the wires (5, 5") of the first and second
phurgl L &5 2 daccbRBfs RET fBedd: laAGlectrode (16)
19. p‘éi %?sceéingrqgn?g ?ﬂ’ggge%cggct [ vgst%}ﬁm nal mﬂgg? .
accordifi 19 &laim by wh@sinbthe wirear(§’, of°) phthedirtognd(seypond pluralities are bonded

together at their crossing points and onto the respective terminal bars or terminal frames by

means of the alloy (2).



