WO 2007/ 096752 PCT/ |1 B2007/ 000428 1 METHOD OF COUPLI NG PHOTOVOLTAI C CELLS
AND FI LM FOR | MPLEMENTING IT This invention relates to the field of
photovoltaic cells, in particular a method for electrically coupling cells
which is |ntegra&§ mb@ ghe sol ar panel manufacturing process and which
enabl es said manu ?Qﬁb process to be automated. TheETiBBwhadsef the
invention uses a flexible filmto effect, the connections between cells and
thus allows the production rate of solar panels to be increased, offers
much better qual i twamamaFsmmmnmgueqrbm%ﬁ%se&% b%ﬁﬁkgﬁghgbt ai ned
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The prior art comprises a method of coupling photovoltaic cells in series, or in
series and in parallel, that consists of soldering connector strips between the
positive poles, generally situated on the rear side of the cell, and the negative
poles, generally situated on the front side of said cell, to make the electrical
connection between two adjacent cells.

The process of connecting several adjacent cells to obtain a strip generally of 8
to 12 cells using this soldering method is lengthy and complicated.

There exist photovoltaic cells whose positive and negative poles are situated
only on the rear side of the cell. For these cells, another method for electrically
connecting these photovoltaic cells together, also forming part of the prior art,
consists of making the connection either by tabs or by elements called ossicles

made of a metal alloy. This method is intricate, often manual, therefore slow
and can damage thin cells.

US 4,133,697 discloses a device comprising a printed circuit on which



PCT/ 1 B2007/ 000428 2 photovoltaic cells are soldered. The
\(;\Sv?ggwpg?gt% sone automation of the soldering process. The di sgdvant age
of this nethod comes mainly fromthe fact that the sol ders rrys':1 ekes he
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invention are lead-free which makes them easier to recycle and reduces
manufacturing costs.

According to the invention, this aim is achieved by a cell coupling method
according to claim 1, together with a flexible film which pemits the use of the
coupling method according to claim 9. The flexible backing film comprises a
macro circuit printed on one side and accommodates the photovoltaic cells on
the other side. The backing film comprises a plurality of through-holes
positioned so as to coincide with connection points situated on the rear side of
said cells, in order to permit automated selective mini-wave soldering to

provide the electrical coupling of the photovoltaic cells through the macro
printed circuit.

Other characteristics of the invention are stated in the claims and will emerge
in the description that follows.

A principal embodiment of the invention will now be described as a

non-limitative example, with references to the schematic diagrams appended,



WO 2007/ 096752 PCT/1B2007/000428 3 in which: Figure 1 shows an expl oded
view i n perspective of a photovoltaic nodule conprised of cells with rear
side contacts, the backing film encapsulating filnms and protective fil ns.

Figure 2 shows a,tQ vi ew of the backing filmw th plated hol es
corresponding to Pﬁgmf"g&?ﬁ% made by sol dering. Figure 3rcihi@em7eoimp Vi ew of
the backing filmto which the photovoltgic cells are fitted. - Figure 4
shows a bottom view of the backing filmconprising the nacro printed

circuit, said fi, ing shown as transparent to allow the photovoltaic
i

cell's to be seen. ure 5 shows a bottom view of a photovoltaic cell wth

the connection points. Figure 6 shows a partial sectional view of a solder
joint. - Figure 7 showSig&evi gwsom edpiedsd diewdppesbédivé bEa pRbtbwoltaRl f Our

backing filnms assenbl pdqli®eshhRed 3P slaned. to receive 72 photovoltaic
cells to nmake up a nodule. - .F‘ih%ure %eﬂ?lﬁﬁhs arrﬁ'fjggo'fteﬁgs’é'éq backipgg . f r ont  and
back contacts connect efcap§iialiag filgws and pmteptivefi@sshows schenatical |y a nmodul e

conposed of cells as illustrated in figure 8 obtained by a conventi onal

met hod, on which the Peubghehoals £apnaskiodte BakmgIHE Wil SISEE $dis Fi Ure 10
t cells obtained by a conventional

h dul K
shows a nodul e Co”pose&rr‘égpol?ﬁsﬁﬁéocﬁgﬁq%gﬁg‘@a? by ¢qidRRiE@t i ons. Figure 11 is a

nmet hod and al so illustrating
partial enl argenent ofF_firgure 10. Figure 12 illustrates a nodul e conposed

of back-contact cells 00 7o 75 PPPOIY 18200 753004 X8m % wabkftast ur ed by a
conventional nethod fghopenaRUdiNgetigy cel | s

- Figure 4 shows a bottom view of the backing film comprising the
macro printed circuit, said film being shown as transparent to allow
the photovoltaic celis to be seen.

~ Figure 5 shows a bottom view of a photovoltaic cell with the
connection points.

— Figure 6 shows a partial sectional view of a solder joint.

- Figure 7 shows a view, on the side opposite the cells, of four backing
films assembled together and designed to receive 72 photovoltaic

cells to make up a module.

~ Figure 8 illustrates two cells with front and back contacts connected

in series.

~ Figure 9 shows schematically a module composed of cells as
illustrated in figure 8 obtained by a conventional method, on which
the peripheral connections have been effected.

~ Figure 10 shows a module composed of back-contact cells obtained
by a conventional method and also illustrating the peripheral
connections.

— Figure 11 is a partial enlargement of figure 10.

— Figure 12 illustrates a module composed of back-contact cells



toget her, on which the peripheral connections are effected using a
flexible filmprovided with a printed circuit. - Figure 13 shows a top and
bottom view respectively of termnal cells wth front and back contacts. -
Fi gure 14 shows modul e of cells with front and back contacts on which

t he peri pheral c‘gﬂﬁoé)&/ﬁ%ﬂs are effected using two strinegnsfoor/dobexi ble film
provided with a printed circuit. - Figure 15 is a view of a junction box
designed to be fitted on the back of the solar panels. - Figure 16

illustrates schenati carlnli Lhe g ck of a solar t?anel to which a junction
box i s connected. At prelfRtUEfldY mhergeional methedfostcopnastingthiet eelis r om a

spfagi al di Epensati on ftogethert bre which Wipﬁér@%ﬁ&ﬁo%rﬁ@hﬁcﬁé@@@ﬁd‘ée]? h
sol deri ng because curr not. provi de good adherence o e
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cell, nor a good |long-Ilasting turing nmethod of the

i nventi on overcones tgg.s grgbl em and nmakes the nethod particularly
attractive when consi de?iMd> ARG aOR ardRatiomyiewresnestivelytof tesminel deinger

necessary to carry outwitdaint yndaepbbgaded recycling to renove the | ead
from manuf actured sol ar panels if one uses the nmethod of the invention.

This method al so enabl Q18 e to.be elimnated during the
manuf act ure of phot ovoFﬁ%z;i C ?m%ﬁ %?98‘&?& f)e'Fi@ﬂz{f’gla”g%ﬁ'éﬁ?rlt%o%an now be
made in a single step whisht the peeRheral fconmretions are effactéd asing s BBPS of t he

ribbons providing the fieabkRAcaliabehin £pARERLIGNS Must  be insul ated to
prevent electric arcs and also to permt connection to the junction box

| ocated on the backﬁofFi Lpewmdu.l es, The steps required for conventional
peri pheral connection SN 1A3BFEVCERIUAEtiondpx desisaedie befidedon thaback tine and

i ncreases reliabilityokthgadhimamtsly. It will also be noted that the stage
in the manufacturing process relative to peripheral connections using film

can be applied equal Figuieorclnekae® Rkt lls with back and front
contacts. One sol deri nL% @oreiég)od used inlcg)\a:mﬁ{eh]rg b?{’]g?fggo':arspafﬁg?“%ﬁg\m as wave
sol dering, the WO 200%/1§ XPCEONNEEIeH7/ 000428 5 principle of which is to

sol der by neans of a wave passing across a plated hole.
At present the photovoltaic industry benefits from a special dispensation from

the European standards on RoHs lead-free soldering because current
methods cannot provide good adherence of the cell, nor a good long-lasting
hold. The manufacturing method of the invention overcomes this problem and
makes the method particularly attractive when considering module recycling
costs. It is no longer necessary to carry out costly complicated recycling to
remove the lead from manufactured solar panels if one uses the method of the
invention. This method also enables a complete step to be eliminated during
the manufacture of photovoitaic modules. All peripheral connections can now
be made in a single step to the back of the film.

In known methods, the ribbons providing the peripheral cell connections must
be insulated to prevent electric arcs and also to permit connection to the
junction box located on the back of the modules. The steps required for
conventional peripheral connection and insulation are eliminated, which saves
time and increases reliability significantly. It will also be noted that the stage in
the manufacturing process relative to peripheral connections using film can be
applied equally to back-contact cells and cells with back and front contacts.

One soldering method used in other fields is that known as wave soldering, the



This method is quick, lends itself well to automation and gi ves good
results. This technique is used in particular in the manufacture of
integrated circuits, but it has not yet been possible to use it in the
manuf acture of solar panels mainly because the tenperatures of the sol der
baths are too hi'%YH YA amage the photovol tai c cel | s munbng @azgering.
This is especially so when one wishes to carry out |ead-free soldering
whi ch requires an increase in bath terrpejrature of 30 to 40 degrees
conpared with cgjnve tiPWﬁ% tin/lead soldering. Wen cells are exposed to
too high a tenpelartif & WHshs 1§ seldaidvamenng otietaverrassiopacas ealatédhold he cel | s

whi ch reduces t Hdisrméthdceisamin] igetsattel well B h@aHaddnemisRl 929[3{)@%3[]@ hods,
i onventional tin ead: Sorderi ng. To sol ve

tti i | t . d .
these probl ems and SAnEre oS RuPITELENR e a1 rsiyngl weorias toube  used t o
i nter connect t h&@Ublhbas evryebldes mbsiphat avelt iraihe lalufsiurd b S pfahcﬂét been
necessary to dewgi Lt d lL.exi ble filmpresenting the
characteristics F'm’%%?”e tlﬁéote\lr\nﬁ%’%{su?%nétqehsé?%ﬁf%hs[%f highand amege ead- f r ee
sol der baths andeAhsigvoltas gsndirtte solering. Euit is espbcialyomeeh ahé Ghedr Oper ti es

and durability essenbitadadifee soliSrifgRMI fncrgl.ar el modules, while
bei ng capabl e ogfgogcg%giang tehe goppeéﬁ%gﬁrﬁgﬁénrﬁ rsgg’ebga.?hqﬂ@%r?g’f%g to the
embodi ment i |1 ustTat ed*FHETS GHwrared withganveatiqns! tylpart sadbeging. wihen cel05 ef f ect ed

on the backing #ilenpabeato tonhigh ipeh@i Ak Rtk SSld Brohd 2R é;{r&ed by

sol dering, providesst ‘?ch%@f&ﬂ%a"f conngcti on between these Be'l's 102 The
photovol tai ¢ cel Is 102 Used ' Ehdefoprdeatly- It lopd-epveifieringmethagiscel | s whose
connecti on poi nt&tingigalsp petaasedodas in conventieial tivead sqishpg. Preferably, the
flexi ble backing or film 103 is nade by joining two |ayers of naterials

presenting di fflersie tigse pedtidn@Sand ERgbik Qpeédafye%rWﬁQ/fe s%ﬁ%rinrgfr%%{g};%{g}ﬁi S

preferably of vj | yfluoride sold for exanple un d nane
Tedl ar (r). Thidsfeér(nl%{’t ﬁfer’% i é*?cei‘?ﬁcé CPPac §f Phsigvatipie hellsat has first bees: -

excel | ent nmechd¥pesabryde deyalpb b multi-layerad Nedbid m bR StrdMcEoha ¥ endfid/ 096752
PCT/ 1 B2007/ 0004&&iire®tc wilhes| - ultraviolet radiation and hum dity.
Tedl ar(r) al so f)(?]es,erﬁjtvg exh‘gfq@&?ﬂ% t%@ﬁ%r?{“é‘?‘srﬂf%@gﬁﬁf*ﬁ?@?r bsthg andglsgse i s
recogni sed to provide the electrical and mechanical properties and durability essential in

the manufacture of solar panel modules, while being capable of receiving the

copper conductor traces.

According to the embodiment illustrated in figure 4, the macro printed circuit
105 effected on the backing film 103, on which photovoltaic cells 102 are fixed
by soldering, provides the electrical connection between these cells 102.

The photovoltaic cells 102 used in the method of this invention are cells whose
connection points are situated only on their rear sides.

Preferably, the flexible backing or film 103 is made by joining two layers of
materials presenting different properties. The top layer of this film 103 is

preferably of vinyl polyfluoride sold for example under the brand name Tedlar®.
This material presents the following characteristics:

- excellent mechanical strength,

- weathering resistance,



by the photovoltaic industry. The bottom | ayer preferably will be nade of
an insulating material resistant to high tenperatures such as those found
in wave sol dering operations. A material such as Mylar(r) for exanple has
properties that nake it preferable to other materials when considering an
i ndustrial appliVW¥a2f8%a$2 t he nethod according to thedmysmtsens M ar(r)
presents the follow ng characteristics : - excellent chem cal resistance,
resistance to oil, grease and humdity. ¢t is particularly suitable for
plating, printing or stanmping. This property is a nmjor asset for

recei ving copper tr a_ce%sig%nglé' {Ofu?{aggkg%g%c%{q r eacg‘i ?th |O': \éggo[)iesitsiegn_ -

It resists nechanical stresses in
rapid continuousrrrk%égo-roll processing. - It conbines easily with other
materials, which 4P OiPfeserys gucqlent hng-te statiily. adilfith iuselist necodnised exanpl e by
| ami nation, to PydheapHotovoldic ig@@@er film - It resists high tenperatures
especially well, which enables it to be used in the high tenperature

condi tions inposgd - l.dering methods. - It is also an
excel | ent insul at or Q%ofnlu gﬂ?%é{réf?%f)ﬁr&ng&e 'Int"“g? & abyingyraling (atecial resistaMde i ts use
in sol ar nodul edi9hotem@eiahiess agbdag thosa foper inodaiensedarmgSogefatidRs. year s.

Joi ni ng Tedl ar ( mateRiaMicrBE i 1t s_of .both terials.
Tedl ar(r) on th&] f'fontc_ oi %Iagg%ggﬁﬁ%%ngso gfrfeq{rﬂeasgﬁagﬂag(ﬁ :tpolreggriaglggo afilm
resistant to uPtPaliakirels vhen sensisieringa@nviedustriat mpglicative i theemtthoexcel | ent

mechani cal st r ec@tding tYedindenlior? Myidi® pFelakis Hed . el ectrical
connections to be effected by a Iyzaad-pfreessgl ﬁ@%ﬁgk%ﬁ%gﬁ‘?gm 2007/ 096752

PCT/ 1 B2007/ 000428 _ 7 roperties of these two materials, one
obtains a thin flexi XP"éEP'}Eﬁ(P’FnE‘Qg{A’E?’% NG5 SSRGS A Ul ereasenidduayitsdt i ng i n t he

celI's. Numerous t estispattinuaripeetabledomiatidg, eribting@r stemshgi T drierQRtd mum
paraneters for naki t.R ihle film 103. a non-limtative exanple,
a layer of Tedl ar(r)n%gov& tﬁetg&? %dleg)l'(n es peéfraﬁeétRXésgﬁr%C'%ﬁ%C%SG%'%sons,
preferably 25 ni cr o Yaqogsaied.

- It resists mechanical stresses (tears), which means that it can be used

in rapid continuous roll-to-roll processing.

- It combines easily with other materials, which allows it to be joined

without difficulty, for example by lamination, to Tedlar® or copper film.

- ltresists high temperatures especially well, which enables it to be used

in the high temperature conditions imposed by lead-free soldering
methods.

- ltis also an excellent insulator of electricity.

- ltis stable, which enables its use in solar modules to be envisaged for a
period in excess of 25 years.

Joining Tedlar® to Mylar® combines the advantages of both materials. Tedlar®
on the front side exposed to solar radiation provides a film resistant to
ultraviolet radiation and weathering and presents excellent mechanical
strength. Mylar® on the rear side enables the electrical connections to be
effected by a lead-free soldering method.



to a layer of Mylar(r) between 75 and 125 microns thick, preferably 100

m crons, has produced excellent results. The thin flexible film 103 thus
obtai ned can be wused in the wave sol dering nmethod described further on. To
make the flexible film 103 which conprises the macro printed circuit 105 on
its underside asV?POUPSTAted in figure 4 for exanple, pathexeiooehs Tedl ar (r)
and a layer of Mylar(r) are put together as explained above, these two

| ayers are then sandw ched between two 1ayers of copper around 35 microns
thick after which the four |ayers are attached together by |lam nation for
exanple. A conv@h’?it‘bﬁﬁl Propggier o¥ these twie matesield, ¢re qtatua ehirt it fitm ed ci rcui t

105 on the | ayewhah pMybs fiicko B¥cks FBNAHI%N {Fg%e,gr eas of copper that do not
formpart of the circuit to be produced. he "upper |ayer of copper only

serves in practgg he connection holes 104 to be plated, and to
produce pads wher ee'ﬁoﬁllse%égglbrl 2?5?%{‘&?% Ut fpdeterminesthe epliP YT @atemetareat  and

prevent the ti nfor mgking the flexibleléim 18t As & bomiimigativeeimpld) 8 layeelfiTed Bl er abl y,

the tack pads Wy 3 HRKREd ' inhibitors that help to

concentrate the heat inéétsﬁ)zbgr%gﬁe?g%}é(g% g'hcﬂo'ﬁr‘g@&émbﬁyt%’df“cﬂ’i”@ PipRting to the

cel s and copp@r laef phlylaréetneen aniand 1ASpeicrohatiek, ppéferBPPET mictorshen r enoved

to reveal the FRYredHuCE] oXRBI fir0 | he fll m. Holes can be nade
Praducéd ex@BiidnbRsifsOte ﬂng%ﬁ'%%rfﬁ'? ?%% @gs Pta)ta'n??eTfﬂJWe

in the layers of film 103 not recelving p

encapsul ant cir%ﬁpﬁﬁggﬁmﬂh$Wﬁ§"$ﬁ@ﬂmdﬁﬁﬁabémQMB@age. The macro printed
circuit 105, for its part, is nmade by elimnating part of the copper
coating the MITrmake thefldxiblatirodnsenich Bemprisas 8 rddrd HrRGIBRERSs dhe cel | s,
and peri pheral {4l ct e junction box 116 generally

ol tuated ont e nagsis kP WETte b W ditincle: € fvgt orBFEFEng 8 et dent
that other mat éEaPIMYarPIare pis tagsthenas edplaitedpbotd, tesemtiaeneste akave coul d

be used to for rehdvecHeld@%iwaks tid #RE4-096752 PCT/ ) B2007/ 000428 8
At present, the Tedl aerér%r/ d'\%m[;%?ﬁoﬁégppresér? %'%’%@tﬁlﬁcg#@éfg‘lfarabl e

qual i ty-price ﬁ’aetf%' 'PEIS I l aﬁr%q 'rpetaprvilaraipation for Bhemphdt @nebitana cel | s 102
o S e e et et Gcalod e Bl 03 9GS L ¢ (e < ce
Several piat oa ot o8 WIS b el ity prdontes Srcuiedseraiopet 104
he upper layer of copper only serves in practise to enable the connection

holes 104 to be plated, and to produce pads where the solder tack will be to

concentrate the heat and prevent the tin from the solder bath running under the

cell. Preferably, the tack pads will comprise deformation inhibitors that help to

concentrate the heat in the solder tack and prevent heat dissipating to the cells

and copper strip. The residual upper layer of copper is then removed to reveal
the Tedlar® on the front side of the film.

Holes can be made in the layers of film 103 not receiving copper traces to
improve encapsulant circulation during the laminating stage.

The macro printed circuit 105, for its part, is made by eliminating part of the
copper coating the Mylar® to form connecting traces to interconnect the cells,

and peripheral connections to connect the Junction box 116 generally situated
on the rear side of the solar modules {fig. 19).

Iltis evident that other materials with the essential properties mentioned above
could be used to form the flexible film 103.



are made in such a manner that they coincide with the connection points 107
(Figure 5) of said cells 102. The connection points 107 of the photovoltaic
cells 102 are at present preferably aligned equidistant fromeach other in
rows of three situated on either side of said cell 102 (Figure 5), but in
the present net WY42W0H78an be of any nunber and | ocateds@Momese. Hol es
104 are provided in the backing film 103 to coincide with these points 107
when the cells 102 are positioned on sai® film 103. These hol es 104 are

pl at ed, favourig? capillary soldering of the filler netal 126. The back of
the film 103 as”f IE}athed TedanE/Yyie® sattiogpprosess sied dngtt i Av@FaLid rcuit 105

consi sting of copierprice 2aRorktRsIBAG PR, C1 Fcuil t printing process, the
traces 106 being optim sed according to each cell type and the nunber

thereof so as to connect the cells 102 in series. These traces 106, which

are general |y ®fie piotoveliaic 6QREN2 ady SosHbARNSH tﬂé‘grgrét;s ‘éﬁﬁﬂbﬁé}a%pﬁ%ﬁlﬁg?gvol taic

operating vol tag(%s %89. t{‘o _Qrevent _insul ation _

cells 102. Al of PRE>IgdIe8de semprising theypagre aringd gicuit 30 dolséunt idet he sai d

traces 106 so t¢mmpriséresevemiplate®nolect04elsakisfiisdh) Mqdb b, Alosk H&escfd4' s 102
king film 1%3. To prevent spl ashes of

provided on theyfr S| of the b fil _
material duri ngarj{e H%ra\%\é’?/%a&ggl 'H%'ﬂeh@a@%@f SRinciste, Wit sonngetionsoists ta7e tr aces
106 not coi nci dfigyrevi)tohsaid balls 80204 preferably will be covered wth a

protective film The printed circuit is generally designed to receive an
array of betweeThet wennedtidfl Boinfs 2109€bi ' t i_nterconnection
t hereof. The el (;%%rr %Fal. %Qgiiberc _nnect?gﬁ&%%&%ﬁa\gsggl&seb]@s aiet)f¥ &9%6Ws nodul es
of different V\(B G7P cdgRhe QEIP07 earhodtbs in gows efethrdeosituetepronduced.
These are genereithénsidearipad eell 102 (5igind 53,eul & theeﬂ?éﬁaﬁﬁmbﬁggﬁ,epgg%ee& two gl ass
sheets or bet m%ggng,ﬂﬁér%%gl%gggt % a plastic film a' general rule,
modul es used as a solar tile ar8 & of 6 photovoltaic cells (Figures 1,
3 and 4) whil e‘_ﬁllcurrent sol ar nmodul e or panel is nade up for exanple of
t

72 cells. For &S 10§ e Brovided in te backinanih el 0B A koimade wittmh2&3psime be made on
t he sanme 107 when the cells 102 are positioned on said film 103. These holes 104 are

plated, favouring capillary soldering of the filler metal 126.

The back of the film 103 as illustrated in Figure 4 comprises said printed circuit
105 consisting of copper traces 106 made by a circuit printing process, the
traces 106 being optimised according to each cell type and the number thereof
$0 as to connect the cells 102 in series. These traces 106, which are generally
of tinned copper, are dimensioned to withstand normal operating voltages and
to prevent insulation breakdown in the photovoltaic cells 102. All of the holes
104 are covered by or connected to the said traces 106 so that they can

connect electrically all of the cells 102 provided on the front side of the backing
film 103.

To prevent splashes of material during the wave soldering operation, those

parts of the traces 106 not coinciding with a hole 104 preferably will be covered
with a protective film.

The printed circuit is generally designed to receive an array of between two

and n X 2 cells and provide the interconnection thereof.

The electrical interconnection of these cells 102 allows modules of different



i nci . However, with existing soldering machines, one nmust work in 4
ELQPSEPL? The 4 backing filns 103 are arranged side by side as !Ilustratig5
in Figure 7, said films 103 being attached together by connecting tags
sol dered to the different filns 103. Depending on the type of nodule
manuf act ured, itWP300a¥E2possible to work in other corfrigiodéhans )
according to the nunber of cells fitted. In all cases the film 103 caln e
pre-cut or delivered in a single roll. The met hod for manufacturing sol ar
nodul es of this invention will now be descri _bed in detail. It conpri ises
the foll owi ng st®¥§&s'c beyppdudedngrhese tare Hérexilpl eonfiposed l&Ssggn&e{nguogzl ée?r
by a conveying Gatdpsa@Rd betwest ARRALS sR% td &%e&ie%ﬁ%%la%%éé%eﬁﬂ% @(ﬂ‘%ﬁ? a tbe
mask, said nmask being fitted agai nst fe”'sieds ( . sing
maCr 0 printed ciftedisE 9eoeal rile, mpdides used evveolaatid areimadb ef @ﬁl&iﬁdvﬂ%&zl ' m étgg
except the hol e%elﬂsqﬁigures@P%:{der\!J«rmsa%er&rﬂ%olBEr%é’uYeoc')rt and isgrgla%e?tlz%fmtogo5 t he
side of said film 103 opposite the side wt saldﬂ’ t 05,
connecti on poi nf&MARS Tfcelni d cel I's 102 being pl aced at the appropriate
| ocations exactly opposite the plated holes 104 of the film 103.

L . t only
Preferably, a mEotibis tyiel df modeleus egle®apRsd filOM3 cag thﬁAesz iO?’Eqﬁ%EE’Q%ut ol so

Pocos them T ucBHSHE SENCELE o NS S v v iy £

S em - ¢ .
dof or m under hoarsrs: The 4 bagkirg et 0Bkeed atrdregd i b ligs bsaBRirHY irtg he backing
when goi ng t hr ogiglre 1,heidVAME- 10BNGeisy Sh&Rk; ﬁgqe%g;erdogn%qa?c?iﬂgz?gsi §1asn0t
backi ng prefgra@;e&#\qoll ‘gf%ﬂr%g%ir ma1lo3y o atﬁ dz of the Bernoulli type for
absorbed rapi df i3 Rg: Known et ho fectly suited to this
WO 2007/ 096752 PCT/ | B2007/ 000428 10 exanple are perfectly Ils 102 to
operation, - se@%@pﬁ'ﬂ@Oﬂihﬁ-WW@ rsa@luttemnamgdadaired, as §l@@$ﬁééﬂié% ?Id\gorr@ﬁask Pl
the connecti Orbtlﬁlé?'caﬁf@pﬂaggns%cé{gﬁ{ganﬁlélfg b%dqlf E?all%ggeédslq casesdhg filmg|
replica of the front side of the F1m 1 : . the film 103
posi tions, as i10°8P PatreRtcyter delisereiigua eingle rdlo avoi d damagi ng £t he
during selective mni-wave soldering, due to the high tenperatures o

The method for manufacturing solar modules of this invention will now be

described in detail. It comprises the following stages.
- unrolling of the flexible film 103 continuously or by a conveying carriage,

- stoppage of the flexible film 103 at a solder mask, said mask being fitted
against the side of the film comprising the macro printed circuit 105 in
order to cover all of the backing film 103 except the holes 104,

- positioning of the photovoltaic cells 102 on the side of said film 103
opposite the side with said printed circuit 105, the connection points
107 of said cells 102 being placed at the appropriate locations exactly
opposite the plated holes 104 of the film 103. Preferably, a method will
be used to position the cells that not only positions the cells accurately
on the top face of the film 103 but also keeps them flush against said
film 103. As the cells have a tendency to deform under heat, it is
important that they are flush against the backing when going through
the wave. The system for holding the cells against the backing
preferably will be thermally insulated so that heat is not absorbed
rapidly during soldering. Known methods of the Bernoulli type for



bath, the solder mask will preferably be made of an alumniumtable with
two walls between which a flow of air is circulated to cool the film 103.
The sel ective mni-wave sol dering nmachi ne effects the connection between
the connection points 107 of the photovoltaic cells 102 and the traces 106
of the nmacro prVR2eWdoess2cuit 105. The selective mni MaVigsesaosgr all

hol es 104 by <capillary action. The interconnection of all photovoltaic
cells 102 and the electrical connectiond of all cells 102 with the
exterior are therefore performed in a single operation with this method.
To increase the wet a6k3male awsfperfaalysligdddd thxodpesatid®4, and t hus i nprove
soldering, a prior fluxing stage can be provided during which the filmis

exposed to an  appropsleane niin- WéfveOJotdehﬁ‘g to%g,pafﬁéceﬁ,gp&{% exanpl e.
During the fluxing Starﬁ\fat onI%, the fil ose& 9n general, the
plating of the cell SSREHEN PGB kogoﬁﬁ'&*é’}%@gﬂéﬂoér wet ability than that of

the film 103 where the hole plating is generally obtained by
gal vani sation. THe spidesxmastpisia explicaooft the fon siid BK:th@&ﬁﬁrSIOB hethweiaahhl ity of

the plated hol esiehftd (VT t q f the solder joints
obtai ned. This fux e\a}%g'cc)’r ates d tqfrg{egw&seo%]@é??n Mﬁ%@g’%@ efilfct with
the surrounding’ F‘éffr'pa?ﬁ@t"’?é%'t"Mﬂawé'dmmmrtheeldgimtﬁnp@ﬂat@e@@ffw@ntl onal

RoHS wave sol debatnghaassbem Kbl prfd The use
of this machine h %efg ver% raﬂm@mggfgdnvﬁ?&nﬁmgg%glﬁéﬂlﬂ%? oved even
further by the uge &f‘\‘i"eo af‘f1'%ﬁ"£\ﬂ/é‘6@‘°5¢ﬂ°d‘é¢flh910$achl ne. Tests have

shown that the nost |rrportant criteria for optinmum solder joints are not
t enper at ure and' 19 sglectiva mini-wavesoldetieg mamieiesb@nthe bommsiidRBBWEYehd1ei ght .

Wave hei ght i ncégpas@sn bbﬁts%?%?%kbqg ovglgz?%celﬁ |1g2giangt(t)1l iy t%eﬁ(}%gf%slzl grc%/'/ g_l >

effect of the filler nmetal in
B2007/ 000428 172§"@PEntet Gt t&nt h«e Relectink eninisieivée solder @l lnl@ssoanpnber . By

adj usting, the, smhiati stton T mRKPNBTEATR LA o, bid® ol P GTLRL ® |

envi sage the holee rve mn &80l der i ng
machi ne for a pﬁ‘n 559 q0pg?c@o§spg|quegqs, 198 With dhe axtasiar areedrefprecheirfornpair al | el wi t h

t he devel opnentin esingleepenatidrogith tAB nsetiign- | i mi tative exanple, a led-free tin
of the type SAC 305 (Sn 96.5% Ag

To increase the wetability of the plated holes 104, and thus improve soldering,
a prior fluxing stage can be provided during which the film is exposed to an
appropriate flux of the CORBAR 936B5 type for example.

During the fluxing stage, only the film 103 may be exposed. In general, the
plating of the cell contact points presents better wetability than that of the film
103 where the hole plating is generally obtained by galvanisation. The flux
applied to the film increases the wetability of the plated holes 104 and thus
improves the quality of the solder joints obtained. This flux evaporates during

soldering and does not react with the surrounding materials.

Tests have been carried out on a conventional RoHS wave soldering machine
to perform a lead-free solder joint. The use of this machine has produced very
good results which can be improved even further by the use of a selective
mini-wave soldering machine. Tests have shown that the most important
criteria for optimum solder joints are not temperature and flux, but rather the
provision of maximum wave height. Wave height increases the strength of the
solder joint, the capillary rise effect of the filler metal in the plated hole being



3% Cu 0.5% can be used to wave sol der the photovoltaic cells 102 on a
flexible film 103 consisting of a |layer of Tedlar(r) joined to a | ayer of
Mylar(r). The selective wave sol dering operation can also be carried out
in anitrogen environment. This further inproves the quality of the sol der

joints, especialWg200y09%zk| ow ng thi nner solders to be pgRggomage4Pt ai ni ng
solder joints that are as flat as possible inproves the quality of the
sol ar nodul e | am nation operations that !lgenerally follow the cell

sol dering stages. Figure 6 shows a detailed view of a plated hole 104 in
whi ch tinned coﬁﬁp‘éﬁig&@@ntthaswhmmmldéep@scrbmn@ﬂbdr@ddmmgtﬁéé&é&'ﬂ@@r ence of

the hole 127 tophifkfe bh e effected in the haole 104 to
sol der a connecti on p%lbnctamg&)fé’g{‘ gazgls'dpﬁ&stg(t))\'?o t% '\véa%eeﬁ] cgef 934 Qe"fgr ace 106 of
the macro circuftP@eb i ncorporated in the film103. In the sol dering
process, the filler netal binds the netal of said holes 104 to the netal

of the connecti dhe paieative miD#aod séib@ing@hdchind @7 a p-ﬁbévcﬂ{a%t%h&%r?ﬁasloél are of
preferably mllinmetres

t he order of 2 tre

whi ch produces gooﬁje%!éﬁdgﬁpargﬁﬂ&’qgﬂﬁﬁe’%‘{"%{ﬁem‘%wm@n the order of a
tenth of a mllinmetre, This nethod all ows the process of connecting the
cel s 102 toget fitP noRslingigative, easpie. éded-Tertincef thestypeoB@ 3DMISIT Wcfivhelet ed, ar e

then encapsul at 84, betovegrcant Bedudddl tﬁ&valé%old@(ﬁ%?h %ta%fcéﬁy%?r g simlar
material, then ass etween a Iayer of gl ass

and a Iayer of Q&(F?Y\Erﬁf' wn%pfas%l'fe‘f-;gf@dﬁYFé%fT‘?ﬁ‘?é@J%rﬁgtt@@&YmeMWﬁb@ul es. Apart

fromthe sinplicity of realisation and the quality of the connections WO
2007/ 096752 PCTINeB2igive0e0428Idetiny bpsratisarcah atsoteataniedl dudinca figbden 102, this

sol dering met hOéi'nvFPJrfn%rnﬁ This Afther ARYRRL ﬂ%%ﬁahtﬂ?g%eh%fd%{ jIOICIJ'IF eé#ﬁ%%fa met hods

known as "tabbloag.ﬂ , ag\a1 "stringing el of
el ectrically cohh&t¢ n@@ql%ers Fchbq W?@e |St<?\i@mf1"‘(§}rﬁ0kteh@lr¢salhlasaream fltle of any
t hi ckness, t hardspossiblé hﬁbr(‘f\ﬁels metdmtnty%ﬂtlﬂé’%l&ﬁn%% Lt to?nerﬁttm (M thout the
sol dered joints %grny}gi wtg ’g | he cells breaking. The selective m ni-wave
sol dering met hoi U8 o PWIae BlLTOIdH)4 51888s- phenomenon of capillary rise of
the soldering elenent and it is the best neans

Figure 6 shows a detailed view of a plated hole 104 in which tinned copper 125

has been deposited on the inner circumference of the hole 127 to plate it. A

solder joint is effected in the hole 104 to solder a connection point 107 of a

photovoltaic cell 102 to a trace 106 of the macro circuit 105 incorporated in the

film 103.

In the soldering process, the filler metal binds the metal of said holes 104 to the

metal of the connection points 107 of the cells 102.

The plated holes 104 are of the order of 2 to 4 millimetres in diameter,
preferably 3 millimetres which produces good quality solders with an accuracy
in the order of a tenth of a millimetre.

This method allows the process of connecting the cells 102 together to be
automated. The cells, once interconnected, are then encapsulated between
two films 112, preferably of EVA or a similar material, then between two layers
of glass 113 or between a layer of glass and a layer of Tedlar®, as in

conventional photovoltaic modules.

Apart from the simplicity of realisation and the quality of the connections



of soldering a photovoltaic cell w thout exerting nechanical stress on it.
Conduction and | aser sol dering nethods concentrate heat on the ribbons or
ossicles causing mcro cracks to appear in the cells. By using a | ead-free
wave or selective mni-wave sol dering nethod according to the invention,
hi gh per for manc&¥O ¥AU9SWperi or durability of the sol decegs20)7@biats and
nodul es can be obtained. Lead soldering as currently practised in the

i ndustry produces a displacement of thelsolder of a few microns in extrene
tenperature COI’l(gItIOI’lS over time, which is not the case in the method of
the invention. PREEEHES Phaigeoltals cells 20 ohiat saderinh mewed alffeat ages in

comparison wt had@ﬁ@‘@@@boﬂﬂ% térﬁi?lﬁﬂg%etﬁ&'l k%ﬁfﬁ%&étﬁﬁg %%«5 Sstrgwfglgg’lrjfgego?ﬁl €s

can be reduced %gnl %n}fjﬁ Al th ouP een

relation to exi STrnFeHRERC taaD@Pe'q{éeP’é'w”VtCOmteld@eémM thisdnventiart i s

nut andi s to anythplrelsmaolbt af anyamtiney, tHAnmthemwtha@&ruasﬁéé R S situated
sof their | ocation 8lstr|but|on |t

at the back of #h

will be noted tﬁ;‘aﬁl %‘ﬁleolu &%I&g regfo"] hrO[HP laReritisece!ls H'GPHEQ met hod above can
al so be used tf effect only the peripheral connections of solar nodul es on
which the intef®nis&etyeormBevayee soldeling metkodhawes ehf @atued plyyszapr oduct i on

method for a Wbmemcéﬂmaﬂf nsfefdee s@i&&uﬁ%&w‘?@ﬁ@ﬁstt‘? tll,és?mg H11ustrated

in figure 9, or ford : ri sing back-contact as shown
in figure 10. 19 $9enag a?na%%vo %Jﬁf‘ie&Lw"étwtoweamgamsw@n@elosstteasc:nrrmdul e,

several cells a@@ductlonmadtIMr bolderinineihdd¥ candEh@MRebN& tHd dbb&tsSof F om one
manuf acturer tqy g@@%@g{}s O(r)7/ 0%675 PCT/ | B2007/ 000428 13 T %e obj ective
is always to get a aﬁgs RPE LT8R 681 2 nore powerful  nodul e.

This connection, is generally obt ained for cells 102 with front and back
contacts usi ng P Y55 Rdeadess wavecar selestive - wape eoldenng reher acsoidfigce of t he

solar cells 1Q2 t@sinlértiog! figh Egrfdnﬂaﬁdeglqnﬁ s%aer%%{&ha‘cbﬁlﬁo@at}q st@ﬁ%geof cells

coupl ed together. , in, series have been ace strips
must be connect{¥ds apd geties can bg %bt?'ﬁe%a@d $@dej@9@§a;mr9nﬂ&aokdoeshdper i pher al

connection. It thean@eﬂﬁb:@ﬁhc}és ané‘p%érﬁéht'éﬁth@QolBérWPQFb’iv rhitron®fn ddrBfigd copper or
ot her netals Sltlér;i §~ tny
erature con itions 'over tlme which is not the case in the method of the

invention.

Moreover, due to the automation of several stages in comparison with

conventional methods, the production costs of such modules can be reduced
significantly.

Although the method has been described in relation to existing back-contact
cells, it can be applied mutatis mutandis to any photovoltaic cell with multiple

connection points situated at the back of the cells, regardless of their location
or distribution.

It will be noted that the flexible film 103 described in the method above can also
be used to effect only the peripheral connections of solar modules on which the
interconnection between cells has been effected by a production method for a
module made up of front and back contact cells as illustrated in figure 9, or for a

module comprising back-contact cells only as shown in figure 10.

In the standard configuration of a photovoltaic module, several cells are

connected in series by a system that differs from one manufacturer to another.



sol dering used. This stage is still often perfornmed manually. Figure 9
illustrates schematically an exanple of the general interconnection of
cells and the peripheral connections of a nodul e conposed of 36
conventional <cells with front and back contacts. The problens are

i dentical in theV@3a¥ ¥ S2npdul es conprised of cells wgdribagkoosgnt act s
only manufactured using different assenbly nmethods fromthe one described
above. As an exanple, figure 10 illustrafes a solar nodule conprising

phot ovol tai c cel1ls 02 with back contacts only. The interconnection of the
cells is effect ediPeries aypypioget s bisharrgitagenddiomefota muwe padi@gent cel | s

|l ectrically in rseuleeShis dennek ki tions of this type
gf e(r:m(rjlufg, )r/i bb%gﬁ ]111 f?ar st(?I(ﬂ d%ésgre{gg%glg&gtﬁg%@ﬂ%@igg\fe“ww@g%n%aﬁ ons are
then connected t0 AT HH TRAING bW solderedte thgupeer ang loantsutiBle asthetsoar back of

the nodul es. Thicslly 1At ilostramain fidBe 8 VORTH de56r3) Hifs |ades to al l ow
o is r?p gﬂlgééaﬂeﬁigdg%ﬂ? ect the

the current to - t of the nmodule is i

pe(rai pher al connﬁ??@%gg B? MoPlRged tnethe dnqdule. these sirem Mysikbe sanneetediot  onl y

necessary to i ndgeties thinis whdb isogemerblyl clieo peameial @bMRELIMNER ééﬂ@ﬁéllﬁverl ap,
11, but also to insulate the ribbons

as for exanpl e afedifi B8 ' \ |

111 from the back ofdggnﬁi‘&%%dspgq ?%%gdmgpgeri%gmew]?@ spiteddetheivReIo) ef f ect ed
by adding an a8Uf¥ingnssd Thiystagets stibdfter gerforoscemaeath area aff ect ed and
requires either conplex automation or skilled personnel, thereby

i ncreasing the Eigges ibusttates scHoimaticdlip gl bxsbid 6 tHRGMHAR IS nhhi§iofReul es. The
use of a strip g,,sgi)@%h@g%fp,&n%o%m tth, on one side, a printed circuit
105 at both ends of t qul &"N5tYO8%E" 4 Ry rqmncerdef 36 eenvertidnehs to be
effected in a \W9'20@7ro8Enes batkCPreBRO07/ 000428 14 single step instead of
three steps as required previously (soldering of the ribbons/ insulation

bet ween the ri bbesoblerhasslichticin®e 4438 of f LA back Qf the
cells). The usecog{acé fnhexi bl e 'f i 'Inm(_e103_ 8orhS| e%gﬁ‘lpgggldr?g(?eg%‘é@h thc aut omat i on
of the productioR et Mod@AfidFtyet Heirg diffeent assemblyrethedsdiwot thewoole mor e

reliable. In piseibedl aovehasrarslexahplbanhiy iNIAMEON that nGaYLd cause a
short circuit %%pfiéiﬁfpﬂo%ovoltaic cells 102 with back contacts only. The interconnection

of the cells is effected by means of ossicles 113 that connect two adjacent cells
electrically in series.

To effect the peripheral connections of this type of module, ribbons 111 are
soldered to the cells 102. These ribbons are then connected to a junction box
116 (figures 15 and 16) on the back of the modules. This junction box 116

comprises antiparallel diodes to allow the current to pass when part of the
module is in shade.

To effect the peripheral connections of the module to the junction box, it is not
only necessary to insulate the ribbons 111 from each other when they overlap,
as for example at point 112 in figure 11, but also to insulate the ribbons 111
from the back of the cells 102. This insulation is generally effected by adding an
additional layer of Tedlar® over each area affected and requires either
complex automation or skilled personnel, thereby increasing the costs and/or
time required to manufacture the modules.

The use of a strip of flexible film 103 with, on one side, a printed circuit 105 at

both ends of the module, allows the peripheral connections to be effected in a



i m . The film 103 permts custoni zed peripheral connections to be
SL;SL?Zéegoth for nnduleg wi th back-contact cells (figure 12) and for
nodul es made up of cells with front and back contacts (figure 10). Fbgure
12 illustrates schematically a nodule containing back-contact cells ﬁ :
that are connect®Q’t%¢g¥iRer in series by means of a CQﬂVﬁﬂmwmm@bsnE}fO e
using ossicles 113. The peripheral connections of the nodule are effecte
through the copper traces 106 of a stri'p of film 103, as described ]
previously, fitted to each end of the nodule. Figure 13 illustrates, o
the left, the frigle Ypyihstiad ahidhreristes BoXeqiitel dredmislyasoldetracds teoNt act s

i [ raadnans I r i Lwaure 14 . T part on
The ri aht of 11gure 14 LiLustratoos netlingligoR of Wi el el e P
connected in serglgeksdgr]@e]‘f‘?fjs)ri bbons 110. Instead of making holes in the film

ich would necessitate passing the end of the ribbons 110 inside
'g-gg,sevmhol es, thdheiusbons fiedible dime 183 apisydetalydRtbréves tﬁé‘@uté}rﬁeﬁfeﬂ%me | S:r Ieg a
conventional ta Mdﬂ&(oﬁ%étﬁ&'%rgrt\%p'thﬂ}g “Bbonqifél%arer.}"aggtﬂgt 4 Con
directly on to the copper traces 106 6f i e U Tei eliesle; tiat e
the back of theP#iieHartsrisk Dhfasitnipsutaion thaesourdtauseq shsreciRll ardigh id Onalh
equi pment; to caimiMatoylt this operation it is sufficient to change t ?h
coordi nates of the solder tacks in order to make the connections to e

i : | Sti oduction lines. Figure 14 illustrates
gOIr 21; \?T e\(/:vo?nE agﬁesfo 39 Qﬁ%ﬁﬁ% ééséogﬂﬁég{é’ggplﬁﬂ’a'@‘gm%“%ﬁio b effectefibethtforand back
cont acts connectPegulesoyiht trek-comacd eelisdfiguny 12) dahdé}sncldlﬁbdes '@ydetdﬁgfé?gi?:)gggzw
PCT/ | B2007/ 00043 frohPaRPdcR B&fiths G81R4GH 1 ONS are nade by
flexible film 103 at_eafh enﬁ{bgi E%S r?ﬁrlga Iglfhzolggiﬁgmfgg§e?ts

AR n , 0 ;
Pﬁ?ggr;?rts yag¥a? Le p%r1 |b Qﬁset}rjagqls S@B‘?{%'E?'E’@r{g‘?d% fontairdng kackwantae cplsr f08r med by t he
printed circui tha@s: connentediogettieo in setibebysrasans 90k B8TERGNEIOM 1T ARG € used at
present on exi ssiBi@s 113. The peripheral connections of the module are effected through

the copper traces 106 of a strip of film 103, as described previously, fitted to

each end of the module.

Figure 13 illustrates, on the left, the front side of two cells 102 with front and
back contacts situated on the ends of the module illustrated in figure 14. The

part on the right of figure 14 illustrates the rear side of these same cells
connected in series using ribbons 110.

Instead of making holes in the film 103, which would necessitate passing the
end of the ribbons 110 inside these holes, the ribbons 110 are simply folded at
the last cell, as in a conventional tabbing/stringing step. The ribbons 110 are

then soldered directly on to the copper traces 106 of the printed circuit situated
on the back of the film 103.

This method does not require any additional equipment; to carry out this
operation it is sufficient to change the coordinates of the solder tacks in order to

make the connections to the points of contact 114 on existing production lines.

Figure 14 illustrates a rear view of a solar module composed of cells 102 with

front and back contacts connected together in series by ribbons 110. All



production |lines can be used w thout nodification. - easier fitting of the
junction box. - the peripheral connections are effected in a single step,
the insulation steps are no |onger necessary. - nore output per square
meter. In sonme nodul es currently marketed, several ribbons nust be laid on
top of each ot P 20F0%3%ply with the el ectrical archik@aabiopeist he
nodul e. This stacking of ribbons increases the total surface area of the
nmodul e. Thanks to the filmaccording td’the invention, the copper traces
106 replacing the ribbons 111 are placed under the cells 102 thus reducing
the total surfad® 83 cgrnachens aipaabe by Mestypsal fexitiaimstoantesctsntg equi re a

certain distancesftewisReirtly 16 nm to be left free between the | ast
el ectrical elenent nmaking the peripheral connections and the edge of the

nmodul e, to prevedts LWk kage. In conventional nethods, the sol der
tacks nust be e??ec;§@5§2&3%§?”Hﬁ?ﬁ?ﬁ@?%@&we$FBW#W&@ubm@émwﬂipnéece||. By
usi ng the fil m f@i8winghe sol der tacks are situated under the cells 102
therefore the zone that nust remain free of electrical conmponents is no

| onger cal cul at ed i ninfeglitgbf 98 pbbHk ' L&l aihon ta the edge
of the cell. This solugign repdﬁishfﬁﬁgggﬁgﬁﬁgy%g%@”¥%éa@ |%H”ﬁwathe
quantity of nateriaﬂrpgwéﬁgwtﬁﬁhlar(r), encapsul ant, alum niumfrane...
required to produce each |ayer nmaking up the nodule. WO 2007/ 096752

PCT/ | B2007/ 000428 - 13'9masiepdhe sdmsdideciagitoonds artisgeatqhesdni di@xistig il mto

make the peripheral préRIGCINOBS bELAY . ign and incorporation of
the junction box fitted to the bacﬂ o?ﬁ?lgnkggﬁggél This junction box is

normal Iy fitted aftepg; -ipaki n of. the nodule. In conventional nethods,
it is necessary, prig?k?@h anﬂ%ﬁ?ﬁ%ﬁ?g?% pass the ribbons 111 through the

encapsul ant and qul%{ér?hthen to fix themtenporarily wth an adhesive on
the back of the moddl%ePEBNYalTATPestians Arstefiasied jara single Hiapi thatnsaatianhe r i bbons

must be renoved frostepheraradohger nédeesarf.0l ded to place themin contact with
the termnals of the junction box in order to solder them

- more output per square meter.

In some modules currently marketed, several ribbons must be laid on top of
each other to comply with the electrical architecture of the module. This
stacking of ribbons increases the total surface area of the module. Thanks to
the film according to the invention, the copper traces 106 replacing the ribbons

111 are placed under the cells 102 thus reducing the total surface area of the
module.

The prevailing standards require a certain distance, currently 16 mm, to be left
free between the last electrical element making the peripheral connections and
the edge of the module, to prevent current leakage.

In conventional methods, the solder tacks must be effected several millimetres
from the edge of the cell. By using the film 103, the solder tacks are situated
under the cells 102 therefore the zone that must remain free of electrical
components is no longer calculated in relation to the ribbons but in relation to
the edge of the cell. This solution results in a significant reduction in the
quantity of material (glass, Tedlar®, encapsulant, aluminium frame... ) required
to produce each layer making up the module.



Thi s stage cannot be automated easily and nmany manufacturers have to
performthis operation manually. The use of the filmaccording to the

i nvention enables this production phase to be sinplified. In effect, the
copper traces 106 of the film 103 can follow a path that takes them
directly to the YOAWIPWH2Zbox 116 as is evident from firgungodHooos2pri or to

| am nation of the nodule, a cut is made in the "encapsulant/Tedlar(r)"

| ayers, and after |amination the junctidh box is placed at the

term nations of the exposed copper traces then the traces 117 of the
junction box 116M818" SENfiesns dventagse ot oainadhis pidinntes meke ubd edrigierdihe back of

the nodule. It cohdectictks$6latestdthé 8&Lidnhak 1incEH)%FQ§i§n bnk thﬁioﬂ%gpﬁtge qf effecting
0SS e to si r?‘p

the external cognnections of the nodules, 1t Is ?ify and
reduce the cost%z)efrbacé‘rgﬁﬁ? gefure T8 lyngtion hexdg nasmatholitied aftardammatoniboxes used
at present nust theenodygen when they are fixed to the back of the nodule to
allow the ribbons to be connected to the connector tabs in the box. Once

the box has been, sglvagtRg: t.aps t be insulated for exanple by
filling themwith silicon. m%f?gﬁ ’éﬁﬁonéggisearyrm"t”%? &&%#'P%eﬁ BASSVBE t he
junction boxes &20P7Bd T hikirohihe ensapsatanbang Tealar® thehac fix haincersmmanent s bei ng

pl aced i n a thewmmlahyadmasivelsachei loY 1 l.ed. encl gsure. Only
the end of the R ca sa%’l?.vof t he %gi;( o‘éél%{%’reﬂgﬂ%ftgn?%ﬁg ’g'ﬂlé’g{ﬂoend%gtgrsi ng so
that the juncti on%g%" 8 AbRRnsmust beyremgyed feorm theynadsle, thies foldedithplage eat er

integrity becauthemtiieordaxtiwite theatetmindls bitRe junBidni 1R iPENeCBRbLRLMHEY. t he

el ectroni c conpgpen en while being fitted. WO 2007/ 096752
PCT/ | B2007/ 000428 Ef??%ﬁ?@e gﬁg’ﬁatrg}eteﬁﬁ')gh%ﬂ?gwﬁf‘% FHECRISS ORY& % oupl i ng of
phot ovol t ai ¢ cePd®@m tipgreraigareerallyand t he peripheral connection of the
cells (102) to a junction box (116), characterised in that it conprises

E) he foll ovm;c ng skhepse of the binvaotaring t@ﬁwe%a/fa?tﬁyﬁiel%ge; %H;gt?rg(gl&@anb&@gé {ogugusl y or
y nmeans of a 1 QY| i,age, sai ilm (103 ei ng obt ai ne y
joining a sheetb%gswﬁpr/}%{!g? igfgc{c;’6’?%?@8?3??@8%?%‘3&'?‘? i@ 198 cprfgliew ametd t o
ul tra-viol et rdeatéakesheandrecty tolttegunatibn box Eleestis bGa@dnt forh Rgwkati ng mat eri al

resistant to high
Prior to lamination of the module, a cut is made in the

“encapsulant/Tedlar®" layers, and after lamination the junction box is placed at
the terminations of the exposed copper traces then the traces 117 of the

junction box 116 are soldered to the contact points situated on the back of the
module.

It will also be noted that, thanks to this method of effecting the external
connections of the modules, it is possible to simplify and reduce the cost of
manufacture of the junction boxes 116. The boxes used at present must be
open when they are fixed to the back of the module to allow the ribbons to be
connected to the connector tabs in the box. Once the box has been soldered,
the tabs must be insulated for example by filling them with silicon. Thanks to
the method described above, the junction boxes can be made in the factory, all
electronic components being placed in a thermally and electrically insulated
sealed enclosure. Only the end of the traces 117 of the box emerges from the
sealed casing so that the junction box can be fitted more easily and also with
greater integrity because the active part of the junction box containing the
electronic components has not been open while being fitted.



tenperatures, said filmconprising on its upper side a plurality of

t hrough-hol es (104) nade in such a nmanner that they coincide with the
connection points (107) situated on the rear side of photovoltaic cells
(102), and on its underside a nmacro printed circuit (105) permtting the
connecti ons bet WERAA¥7Rel | s (102) to be effected, - miapRAYRLE t he
flexible film(103) at a solder nask, said nmask belng fitted agai nst the
side of the filmconprising the macro prifnted circuit (105) so that it
covers all of the backing film (103) except the holes (104), - positioning
of the photovoltaic cells (102 ) on the side of said film (103) opposite
the side conprising the said printed GHANP t (105), the connection points
(107) of said cells (102) being placed at the appropriate |ocations
exactly opposite the plated holes 104 of the film (103), - wave sol dering
of the photovoltaic cells (102) to the connection points (107) on the
backing film (1@3)Amélhod\@tahbﬂﬁb tﬂ@@@Etﬂb B&ph;?g &|pﬂb VO%Q,C%Q r?%g%gl %d in that

t he sol dering operﬁ TOLLNR- I ect ed ¥ ve m [ deri ng
operation and in fhaf"%REPherE| ernneation o ﬁ!?s%ﬁi”ﬁgﬂﬁhtooelgmcudmbdm (1ng) 103) are

pl ated. WO 2007/ 096#8QedRed in BAO0HNYAILARe foliSwing st hod according to one of
the foregoing clains, characterised in that the phot ovol taic cells (102)

are held on the bac sel ective m ni -wave
sol dering operati On‘@oﬂ%y%/}é(% é;g@é’gg ‘mS‘qP% GRENYSHSYY 198 by greaqsi o cl ai s,

char ??t eri ZEd by lthi;f;fdtng Cﬁﬁﬁﬂe,tsh@f&e(@élbm@mtmmmwn@@b@ﬁéétﬁg ?peLatl on
is effected in a le fa@Brebédli one, of the
Tebrebiiting BpcHtiowor r%é%‘%gfgﬁ'ﬁd@se e diched by

foregoi ng cl ai ns, cter sed | n
joining a | ayer of (Pé R eﬁ@?’ﬁ%’én'”igat&}@d mperiatriresigtagt  tohihodh,

preferably 25 micr otﬁgnpen'ajurasl aayerﬂlrmfcohvfbh@ﬁg( on i_f udpet ‘éﬁgna ﬁtrahﬁmgf 12
5 to ‘one of t he

m crons thick, prefegy hmo}egg 104 Met hod accord
foregoi ng ol & Charg‘(t:b!t e I)(rf}]r{at ﬁ}ﬂs‘ﬁcf‘a manner that they comcn e with the
connection points (107) situated on the rear side of photovoltaic cells
(102), and on its underside a macro printed circuit (105) permitting the

connections between the cells ( 102) to be effected,

- stoppage of the flexible film (103) at a solder mask, said mask being
fitted against the side of the film comprising the macro printed circuit

(105) so that it covers all of the backing film (103) except the holes
(104),

- positioning of the photovoltaic celis (102 ) on the side of said film (103)
opposite the side comprising the said printed circuit (105), the
connection points (107) of said cells (102) being placed at the

appropriate locations exactly opposite the plated holes 104 of the film
(103),

wave soldering of the photovoltaic cells (102) to the connection points
(107) on the backing film (103),

2. Method according to claim 1, characterised in that the soldering operation
is effected by a selective mini-wave soldering operation and in that the
holes (104) passing through the film (103) are plated.



conprises a fluxing stage of the plated holes (104) in the backing film
(103) prior to the wave soldering operation. 7. Method according to one of
the foregoing clains, characterised in that the solder nask consists of a
table with two | I s between which a flow of air is circulated. 8. Method
according to clalM®& acterised in that the sol derpamgiBopen@tison i s
effected in a nitrogen environnent. 9. Althin flexible film (103)
consisting of a layer of nmaterial resi stdnt to ultra-violet radiation and

a layer of an elgcfrically insulating nmaterial resistant to high
t enper at ur es, sa?db' #hf)%a‘(“)il]ﬁg’jg @@HBPT%FMG@'W@@S,mhﬁwpédsectﬁhltmauthe (105) on

one of its sides apbtaofiiumralsi {1920bret heid e hE VagiSng %Qﬁl)mﬁ?%rmegsmgh t hat
they coincide with 1 i 0 oints (107) situated on th rear side
R EBBRTE SRefi dietub

of photovoltaic cells (1 Pical connection is effected,

t hrough a macro rhn%e{? circuit (105&, using a |l ead-free wave soldering
met hod. 10. Use ‘of “&NPY 85PN t prewwf(tndfdyeaoimosiagnd, nharedterset ay ete fadt mat eri al

resistant to ul t riaathederictiveddinakaveRoRBSh 68 | rically insulating
mat eri al resi st ant, to hi gh tenperatur es,gaosdglﬁaé ﬂS%ﬁ?C?(Ll(ﬁé% Ié@%?rpr@elei){'gi ng a
macro printed circuit (105) WO 2007/096752 PCT/1B2007/000428 19 on one of

its sides, to provide the peripheral electrical connections of a nodule of
phot ovol tai ¢ celd Mgth@baccandingtiteneedfeing foragalngRIME Chir@&tEride iMthai HBCT i on box
(116) nounted on timg (1BRfs B4, idnS9! modul e, 1 Met hod for

manuf act uri ng a phot évo?t_sai c m%l’gn@grarggr%eéfﬂge(gﬂ@ Oiaﬁ%@?” dp and Bt ovol t ai ¢
cell's (102) the el™¥FPPs thick rreterabit 25omisrask, tate leherarf dyef® @t beeemzsor di ng t o

the method cl ai medni n20merak tGtiabiferdolf fodnickAgr acterised in that it
conprises a |am nation stage of the assenbly consisting of the flexible

film (103) and ghey t i I (102)., then an encapsul ating
operation of this ggggr%?ég#d@gtt(\?\éﬁ% Ot %8 fﬁ\?ﬁ?"?? PR ectafed instipt bl e
chemical and physCeBPISSP 8[juxing Bageend thefrilated hojest (hed)enwapsakiratfimoaf t he

resul ting nodul e beérmeeR wail sbadfiSp@big ass (113) or a layer of glass
(113) and a layer of a material resistant to ultra-violet radiation.

7. Method according to one of the foregoing claims, characterised in that the

solder mask consists of a table with two walls between which a flow of air is
circulated.

8. Method according to claim 6, characterised in that the soldering operation

is effected in a nitrogen environment.

9. A thin flexible film (103) consisting of a layer of material resistant to
ultra-violet radiation and a layer of an electrically insulating material
resistant to high temperatures, said film (103) comprising a macro printed
circuit (105) on one of its sides and a plurality of through-holes (104) made
such that they coincide with the connection points (107) situated on the
rear side of photovoltaic cells (102) on which electrical connection is
effected, through a macro printed circuit (105), using a lead-free wave
soldering method.

10.Use of a flexible film (103) consisting of a layer of material resistant to
ultra-violet radiation and a layer of electrically insulating material resistant

to high temperatures, said film (1 03) comprising a macro printed circuit (105)



12. A sol ar panel conprising any nunmber of photovoltaic cells (102% t he
el ectrical connection in series of which is obtained by the use of a
connection method according to one of clainms 1 to 7. 13. A solar pane

i si ' Il's (102) electrically connected
conpri si ng any g? r.of photovoltaic ce _ (
toggther, charag? &E@%”Vn that the peripheral connecti@rigzofomasd sol ar

. : : ; i de
effected by a macro printed cifcuit (105) provided on one si
g?nglf?{ﬁ1(103) cons?sting of a layer of ‘material resistant to uItra-V|o!eL
radiation and a |ayer ofc electrically insulating material resistant to hig
t enper at ur es. 14.q%%@ﬁ64'56? Stkﬁ gt ﬁ3“b@¥wbﬁ€&%@a%%hﬁ3@?@®nsofaa modul e
conprising phot oveddui of pedtdwltdid G2)s ¢roneat agk b@ctﬁ@il'c%ﬁmecttignsb%f gffected to

' [ %}Q} rised i.n that, at the two ends o sai d
ﬁnhﬂrgt:gnaggénbfed één@$§ﬁgﬁh%mb% A7 Stk riéd" B9YYi ni ng a sheet of
operties of resistance to ultra-violet radiation and

. . r 1 H g .
2 shoet of an ol S BPTen4aanac Phgioratee M comprrany hombirgH

tenperatures, sai @hbtovolaicosds (2N eheOBlekitisal c%ﬂ%@ﬁo%%f!ﬁ é,ﬁ,ricgasgrggefﬁeét'gﬁ?lt gd (102)

o o' e o ol 2 BP0 et o capctein o
that it comprises a lamination stage of the assembly consisting of the
flexible film (103) and the photovoltaic cells (102), then an encapsulating
operation of this assembly between two EVA films (112) with suitable
chemical and physical properties and finally the encapsulation of the
resulting module between two layers of glass (113) or a layer of glass (113)

and a layer of a material resistant to ultra-violet radiation.

12.A solar panel comprising any number of photovoltaic cells (102) the
electrical connection in series of which is obtained by the use of a

connection method according to one of claims 1 to 7.

13. A solar panel comprising any number of photovoltaic cells (102) electrically
connected together, characterised in that the peripheral connections of said
solar panel are effected by a macro printed circuit (105) provided on one
side of a film (103) consisting of a layer of material resistant to ultra-violet
radiation and a layer of electrically insulating material resistant to high

temperatures.

14.Method permitting the peripheral connection of a module comprising
photovoitaic cells (102) connected in series, to be effected to a junction box
(116), characterised in that, at the two ends of said module is assembled a
strip of film (103) obtained by joining a sheet of material presenting
properties of resistance to ultra-violet radiation and a sheet of an electrically
insulating material resistant to high temperatures, said film comprising on its
underside a macro printed circuit (105) permitting the connections between
the rows of cells (102) and to the pins of a junction box (116) to be effected
by soldering.



