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Solar cell systemw th encaps ul ant The present
i nvention pertains to a solar cell sys tem provided
wowaob/1ed13£ncapsul ant | ayer, and to a net hod f oPCT/EP2009/051918
manuf acturing thereof. The present invention also
pertains to a transparent nultilayer foil suitable as
encapsul ant foil for solar cells, and to a nethod for
manufacturing thereof. Thin filmsolar cells, also
kno as thin fil hotovoltajc cells, generally
Solagon m??seVgtSQrVreE1§ﬂadgbp dto voltaic (PV) |ayer
conposed of a sem conductor nmaterial provided between
a front electrode conprising a transparent conductive
oxi de {WFEQpreopnt hbnydght 0% aeed Vi higs stee? ofc ke =l )sys-
and. a.pac ectr ack. of .the.cell), €
Lem g%t gregffgde |§q? éﬁ§%%$gn$ yiénab |ng{|8n0|%1%$1}t1(;rzg fox
manuEagertﬁgrEBebebhe SB@1pnedH@tofnmatet$aI¢ wheperthens to
~_incident radia.tion 5 ?nverted into electric ener gy,
& LIpREPRAFEhaYUt FghEYBAnt Bel ugRdttol GeRdr BRI R T ¢t
for SHEEENE:1WRi ChnQfters RBrhRberceshingrabt @F Dad i Vg8, F .
say, fossil fuels or nuclear power. To inprove the
resi st bilsotatarerdslio aheo eﬁwvm onvret gl film

puotuS’P?‘ LANS,§ 0y Wh&&g %E?i’\, a'ﬁ@m@XPQS tg% %‘Zagn@féeé‘hmtw

ded WTh & pr Ive
QEScrrbeslapeencapﬁuha@tufoa sakaioﬁ&hiSUyWWaiL rial
rlses a repeating stack gl ass-f| ber yers and

pL O“F%y 8SbF=&"t Aef hOPF aSt T 1"Fr‘t%rt*%r‘t%r ’“‘iﬁé“%i\h%l*e”%"e gy =1t

:om&@@peg ot faw thoa) Frpol yRer 1 barsleLclayely Bie of the
331,673 descrlbes a solar cell encapsul ant

cphcoﬁxpaﬁu si hgchonlavvendygl &8s thberamenbersie acpol yme¥he
fJ:O'w Ligé*” ?qfﬁqp£9£eg$Ly§”I||Q¥ TTE $0£19¥%?%delp hghho

Tar ce rovided w er and an
reac hnSM%aémevéhﬁﬁt*&ESﬁa6551Q19 desce i bles anphotovotddai -
~ elenent en o o . ‘
tion is converited inteo electric energy. In this way light can
be used to generate electric current, which offers an inter-
esting alternative to, say, fossil fuels or nuclear power.
To improve the resistance of solar cells to the en-
vironmental conditions to which they are exposed, Lhey are

ocften provided with a protective laver.

Us 5,474,620 describes an encapsulant for sclar

]

cells which comprises a repeating stack of glass-fiber layers
and lavyers of a thermoplastic material, the whole being
topped off with a F-polymer barrvier laver.

U8 6,331,672 describes a solar cell encapsulant
comprising non-woven glass fiber members, a polymer filler,
and a protective film. The bottom side of the solar cell foil
igs also provided with a filler and an insulation film.

U5 5,650,018 describes a photoveoltaic element en-
capsulated in a filler layer, which 1s covered by a hard

resgin laver, an adhesive layer, and a barrier layer.



capsulated in a filler layer, which is covered by a
hard resin |layer, an adhesive |ayer, and a barrier
WO 20pen03ast 2006/ 0207646 descri bes the use of a PUF/EPRR009/051918
liquid silicone in the encapsul ati on of solar cel
nodul es. JP2001- 068701 di scl oses a protective sheet
whi ch Tansistg0pf7 a4 b am pat B-of Bhdases nat ef i@lrad thi quid
hi gh wheatherability, a reinforced fibre- contalnlng
11iFgEPniPayer, €5 a"*ab{%ﬁ%m §-aSF uRt heF-ba&ediayer .
EP1054§§6“§§5@68*$@5 YLl Ous: enbodi ments: of prafecative
sheets. The use of reinforcing glass fibers is
censypsel ofed. 18841369, 224adeseribesethel appth chtdlorwipfatther-
ani1§8l coal resin Lg Lhe Lop surface of g, 0l ass. .
PLIEFBer St 6F b?ced | ayer "t o~ i nereasd the'ea erablflty
optibheleof a Thetrelaragel lagystens provided with the
encapsul ant | ayer as described in the references cited
above sti¥Pisy f%?°%¥§ﬁﬁ%dﬁﬁé§€§ %ﬁﬁ%ﬂ%@ﬁ?ﬁﬁtQ(nﬂ phec
\1@etbﬁé§ths ﬁQQ”hEQr ENpLovERg-ihe ngqtgigéxssistance
of the encapsulant | ayers agai nst damagi ng. There is
disciheedfore a need for a sol ar cel | prOV|ded with an
y encapsug nt.£o )\ shows |ncre term -
0 resi st an?e atga‘Jl2 n‘éw‘? a%b?e“g ta}}wd gfns‘? “tcﬁrg 9% ong tfeeir r‘ﬁOat
ragihntbuensecof envisonnental yTondi fivas-rdheipresentayer to
i nvention provides such a solar cell system The solar
IncraaPy shet VR RLRBRAL hgt Y ot EHESPHventi on conprises a
solar cell (1), on the light-receiving side of which a
transparent encapsulant foil (2) is present, which com
pri sesTae red M oredhy $3a§/te$’n8( 3)r<afﬁobiét09\0v Par riter drayarsy-

e erein_t rst_barrier OS|t|oned si1]
15 Lant SUEUEL TG Ver it DYRTngt| ayer” S TRESSaeon BT ot
sufféayels é&)wﬁa@@@tM@ﬂ@dee{bolv\ticﬁe“iﬁ nfioE £ Ngs | Ayef , for

determ ned_fromthe o
improving the long term resistance of the encapsulant lavers

[z

against damaging. There is therefore a need for a solar cell
provided with an encapsulant foil which shows increased long

20 term resistance against damaging and against the long term
infliuence of environmental conditions.

The present inventicon provides such a solar cell

system. The solar cell system according to the invention com-
25 prises a sclar cell {1}, on the light-receiving side of which
a transparent encapsulant foil (2} is present, which com-
prises a reinforcing laver (3} and twoe barrier lavers,
wherein the first barrier layer (4} 1s gpositioned above the
reinforcing layer and the second barrier layver (5} 1s posi-
36 ticned below the reinfcorcing laver, determined from the

light~-receiving side of the solar cell system, whevrein the
reinforcing laver comprises a fibre-rveinforced layer which

o)

cmprises fibres with an average length of at least 2 cm.
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light-receiving side of the solar cell system wherein
the reinforcing |ayer conprises a fibre- reinforced
WO 2008110374 ch conprises fibres with an average PENgPNODH51918
at least 2 cmIt has been found that an encapsul ant
foil charac terised by the above paraneters conbines a
good | onghdermedesisiance agalnsindanaging and 1againsic-
t he Iong terminflu ence of environnental conditions.
terippit her Thehelose DAY IO RSS WF TR HHES sheEidd ed gt it
resxégggéetgqg.néghd§&% gs§“§ng3§1n§en§ﬂé”¥gn5“#¥¥ﬂ'td%lum
in particular int se of Wwoven materials. The use
enceofff &brésomntht s hecopett fome. | Engt e w Iith@I woe |Ead tiores
. less fibrils or Oth%é g} e}jlbre ends. S, Ieads t
vith; FRE (GRAE b DERsb PG At T S AUt FOf il o =84 gurd

nmensLbhiSt EALSS: ORe, enbogh FMent i - the presente i dwenddan.
The present invention should not be considered |inited

materhet et olof therebylihret NSt i gie e3P L e ti'or vt
also ‘&?:«f%"lémafk&ﬂﬁs whi ¢h, compri ses. a,. T&QI{@yerwh B

ayer bac ectrode Fayer and ‘optional ot her
]euusonponmntSVeé grocasshng | @nc (ks notsi | faustatated) . (2)
refers to the transparent encapsulant foil. (3) refers

to the reinforcing layer in the encapsulant foil; (4)

referspioutde firsisbalcdd eind ayeioofndhie eneaps yanent
foil, which is positioned above the reinforcing |ayer,
invegeienni Red Pronvthel Ny @‘h‘t" PloceNVi g 37D Vel T &

*lML§$&|*S¥§L§n] éSQh % fQ Eﬁe SEC%QQ bar]!' hﬁye&he‘“b

he encapsulan i'ch is positione ow t
thinr®i hfiosciag &aybx,wﬁfmmrmmw@xiéé$nmt7ﬁﬁIigﬂ&LJezéﬁW|ng

side of the solar ce stenl refers Lo
*“3“(0p?|%ﬁ%5)e}ht%?%%dl ?%C aydr® é%&% his béfméEn ﬁh@33u€ﬁtof

cg. figstabarslerzlayest aﬁﬁlﬁgﬁf@@f or cing-d ayes .t Ahe
refers to the (optlonalf in ternedi ate | ayer present
tranpes weeh theasechnd: bar i er (Fayerfand ?t%eti?%ulrﬁmffmgmq

layejayxrthésgn J§E§aﬁp ;hel(opé opaig,@dpesi¥§ first bar-
ier laver of the encapsulant foll, which is positioned above
the reinforcing layer, determined from the light~receiving
side of the solar cell system. (5H) refers to the second bar-
rier laver of the encapsulant foil, which is posgitioned below
the reinforcing laver, determined from the light-receiving
side of the solar cell system. (6} refers tce the {optional}l
intermadiate laver present between the first barrier layer
and the reinforcing laver. (7)) refers to the (opticnal) in-
termediate laver present between the second barrier layer and
the reinforcing layer. (8) refers to the {(optional) adhesive
laver, which is intended to adhere the transparent encapsu-
ilant foil (2} to the solar cell (1). {9) refers to the
(cpticnal) protective foil on the back cof the sclar cell sys-
tem, which, in the illustrated embodiment is made up of an

intermediate layer {10} and a baryier layer {11).
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| ayer, which is intended to adhere the transparent
encapsul ant foil (2) to the solar cell (1). (9) refers
W@ 00phes78opt i onal ) protecti¥e foil on the backPGf/EPI@9/051918
solar cell sys tem which, in the illustrated
enbodi nent is made up of an internedi ate | ayer (10)
and a bt réserat ayerl (shlytenlher solarmceldnsystemigfod hes
present invention has an increased |ong-term
an 1pggrapgfce™ agar hst H%ﬁ%g?%gv nﬁg%b%Wﬂs a%%ﬁrW%ﬁﬁ“%erm
aqalhnf|9ﬁ@0@oﬁg vk r onpent @l CORAL LY ORSy i S 18 dua 10hs .
the presence of a barrier |ayer both above and bel ow
1hmt hé deenforehagrtayerce |of thedprior: altyésygt@rhs alyghii ¢ hpnd
rlse a. barrler above ? relnforC|ng Iayer
0

el OBa FFer®i ay%r '8¢ pre%ent e

pr OtIe t he Sy <’etrf--;}'[f“’.r which

comp eN¥Er @NPEAL 8k COMEE i @nﬁel@i’@rf‘llﬁdﬂe £ ance: ofa mater .
The reinforcing layer is intended to protect the
layegnger PyFAgSof arPEet ¢ aghihist Y Hafgesoe aifsed Byrental
condimﬁélﬁtz' ng 9bj eCL S, oL Gancdabt SLORES, O Other, 4 pagtd ng
objects. in the prior art system an im pacting object
*qvow b bﬁtsm@p@edwfmmﬁ@am*gmehgumth@rgmm seldr byethe
forC|ng Howeve the arrler Iayer i -
age ‘"‘“Itlﬁ n“&f T eady” dgh‘a% Y Jalﬁ%‘l*fih Ve The” Sy'st et g%detnc’ =
r of@érth@;&ﬂg{@@%}@fa@m/] I O N agar wbsaanqg&t&u@h @as im-
water. In con trast, in the systemof the present
pactipg el oRC '\*i\heh %% T RIS T NG Obj @Rk ofé}%g%‘dl%e«@ll
by tﬁéf5$lv £y aW@a&évéf°pH§Q By ihe: reipforel ng,
I ayer, e seCond barri er | ayer is still intact, and
then pabrfe@ati}a ddrez sof arawce| this oheenvd rmﬂrem:’ailﬁrsubmlarmets the
and provides the r uired el ectrical safety Fur t
19T he Pr eSBhce g A andpareht ‘enté%%ﬁ ST it c
tras€PNDLi SES avcsﬁbvnf@f Cimg ayeinit Noieasesod heqsmechani cal
. sta bility ‘and t ot al strength of the product
inpa A ¢ i ONBETY, Da g WWW%CT ‘sask! e echehi cla%’%a%:n%n-b

mg,gfb»e 59! Al celintdselly dapartigyl Aleothef the Sl ffe: 15
systemis 1 ex
StlLl itact, and probects :ne golar cell from environmental

substances and provides the reguired electrical safety. Fur-

ther, the presence of a transparent encapsulant foil which
comprises a reinforcing layer increases the mechanical sta-

bility and total strength of the product. Additionally, it
will decrease the mechanical load on the scolar cell itself.
In particular, when the solar cell system 1s fiexible, the
presence of a transparent encapsulant foll which comprises a
reinforcing layver will help to improve the bending properties
of the foil by bringing the force carrier capacity on both

sides of the solar cell more In palance. This will improve

~

Th

the strengith and flexibility properties of the product for
production, storage, transport and installation.

Other advantages of the present invention and of
garticular embodiments thereof will become apparent Ifrom the

following specification.
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presence of a transparent encapsulant foil which
conprises a reinforcing layer will help to inprove the
whemwdiney3properties of the foil by bringing t heCT/BPE9/051918
carrier capacity on both sides of the solar cell nore
in balance. This will inprove the strength and
fl exi bid¥viyuproperid esnofpdleapr otuct foyd produet iraksent
storage, transport and installation. O her advantages
inveRElpRe pResen? §HvEnt T ORtBRE" of Y pErtT Ul arcShoth ment's e
oreskher eQh-yi | b, becong, apparent from the, followng: trans-
speC|f|cat|on CbV|oust the encapsul ant foil used in
paz‘-erhe preseprt i mlents omaneddsstio beed ransyar erttotCWQltﬁénlc
. cont ext. of present nventLon the word. . U
- 1aye gﬁs gf%n?tneahg“at Y¥aadt t?ans %aﬁé 9?%% L W&e ?nca?
eulehhefM@YH engtimysethdy 1hesphotiovel tate H@M&l’eﬂ Oche solar
generate electricity. The transparency of the encap
cell sgranthe of 19N ANt aFYE ot her SPhRre i Th e bt wesh
of tﬁ@el§&’ll)§rw b1 and t@ﬁeiélg@'thswﬁf? A5 S e(Le“Q‘E %ESLLQhLar
hat at | east 50% of the ITght wth thi's wavel engt h
c;e‘:l_v\mchuf at Mdamt ot mhepscmtavnbetiu s%@\t@n yreachessahwr cell,
. POt ovol 1 in the soI efera at
10 preePLRPY Stbe ft € Bl r b S ety b e P
reinforcing |ayer used in the encapsul ant foil of the
present invention is a fibre-reinforced |ayer which
conpr i &3 3B Gitch B A etsRge Yrendth SSFCeas Y ieast il
of t&MMLEnd N, %Hf&{ aly Lhejdibr, ﬁ?é’lec@a | %&%h a1 A

“Teast 4 cm sti more. in particular at [east cm
cmmﬁmm$ﬁﬂmﬁawmdﬂmmavwmgfIMQﬁhMQdEM@mﬁ 2 cm.
More &I €L Ence Llﬁi madtg to.Lhe specific enmbodiments that . ,

OTe W1 | Pt e et tat B8 bet B ° The' § i bre- tayer® i t e - *
cm, $tDre-fetafof ged-4 ayers geperaddy: hasc fidyr eronedrght

[ area of between 10 and 300 gramin®, in particul ar

spec bbt e 5 rfd <L 00 g ank #ey Hvore 4 Tt Tutaie bet videh
speci® A Pq AN ML It | 5 Noted, Lhat thesq valyes are

The fibre layer in the fibre-reiniorced layer gen-

N

20 erally has a fibre weight/area of between 10 and 300 gram/m2,
in particular between 15 and 100 gram/m2, more in particular
petween 15 and 75 gram/mZ. It 1s noted that these values are
for the fibre weight per area, excluding any matrix material
present in the fibre-reinforced lavyer.
25 In one embodiment of the present invention, the fi-
bre-reinforced laver has a homogeneous surface density over
the sclar cell system. That 1s, the difference in fibre
welght per area of the fibre-reinforced laysr in the solar
cell system between the area {(of one cmZ} with the highest
30 density and the area (of one cm2) with the lowest density 1is
less than 20%, calculated on the average fibre weight per
area, more in particular less than 10%,

The fibres generally have a thickness in the range
of 1 to 20 micron, in particular 2 to 15 micron, more in par-

ticular 2 to 10 micron.
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for the fibre weight per area, excluding any matrix
material present in the fibre- reinforced layer. In
wop@aediati nent of the present invention, the PCT/EP2009/051918
bre-reinforced | ayer has a honbgeneous surface density
over the solar cell system That is, the difference in
fibre weight per area of the fibre-reinforced layer in
the solar cell system between the area (of one cn®)
with tHe MYHEROHEHETt yoland & i s dd (0F Bhe Thp)- ¢ ta-
pre-Wihethehovwest - densitysts 4 ess,1han 200 cal cufat edrhe

on the average fibre weight per area, nore in )
fibrearthcuharndessotdani 499 JThesfibreshygener aldyothave at

- ...Lhickness in the range of 1 to 20 mcgron, in, . :

Leashar (k0BT 2 10 45 nTCPON Hor & TH oy o1 Fil ar’ £ 901!

moreNLEN @8r  No@Ner ebotl ANt 3 Ofm [ NEh Presentud nventd omsnddie is
fi bre-reinforced | ayer conprises a non-woven fibre

not PayktCalThe” f i bheserCt Heembraddven | dfereterfet dtity non-

WOVQIP%X&ll?fé@@gfbn(?fp%cég@?’t:lﬂlg S PDF € d AL particul ary at

east at least 4 cm still nmore in particular at |east
pref@rond Theawexinuay fibie ¢dengtibite notreritica mechdiseal

<. epbodi ment, and Wi |1 _depend on the nonwoven
°“a‘b?'rg£5¥ agfu'rfi“ﬁg”‘b"r 3ce‘sgsffl‘h> Yehibral |onger fibres are
pr ef erriedhhecaus ediheyivddd contitd bt oy e veedtheon, the
_ . mechani cal §tnabi lity of the solar cell system In o
fibranbeHeforpdodi MERt SPNRRESPT BV hVientionla e The fi-
e Thbrenrel forged L ayer comprises @ wayen,fibre |ayer.
bre {Fﬁeﬁﬁl bre I%ﬁngt “wi 11 General Iy correspond to the )
respatdthely espectlemtyh ¢hethengtinOfrahesr riedvdor gy will
cne-hayer, and wll therefore generally vary between. 15 cm
cher gD GRTGr S Hor TG 11 BIRE | b (He A1 GerTar o [ S0
Fibrdb dih ofec tder sl adn cef | tisySei@m @nd:hetyeen ko cm and-
infinite for fibres in the direction of the Iength of

temrt%@ﬁsQﬁ%We%%|15S§§t%ﬁ§ Whekel fffor fibres in the
direction of the length of the solar cell system, where infi-
nite means very large and will be attained when the solar
cell system is manufactured via a continuous roll-to-roll
process. It is noted that the use of a fibre-reinforced layer

which comprises a woven fibre layer is a preferred embodiment

P

of the present invention. In comparison with the use of a
non-woven as described above, where the fibres are oriented
more or less random, the use of orisnted fibres in a woven

arrangement will allow for a higher stiffness to be obtained.

In a further embodiment of the present invention,
the fibre-reinforced layer comprises a stack of at least two
monolayers of oriented fibres, each monolayer contailning uni-
directionally oriented reinforcing fibres, wherein the fibre
direction in each monclaver is rotated with respect to the
fibre direction in an adijacent monclayer. In a preferred em-
bodiment, the fibre direction between adjacent monclayers 1s

rotated with an angle of 90), to form a so-called cross-ply.
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nite means very large and will be attai ned when the
sol ar cell systemis manufactured via a continuous
WO 200bA03934 0l | process. It is noted that the usRCHEPZ09/051918
fibre-reinforced | ayer which conprises a woven fibre
| ayer is a preferred enbodi nent of the present
The hRMEHET ON. mbilc CORPAS | SON-M tdr ddie Usex0f 1 @a oM Wouen gen-
as descri bed _above, where the fibres are oriented nore
eralpy #esBosantomMehe e dFt bt Ehted 9 HEEdn A woven
moz‘xo?g%’éflgem? ndM é*‘[a@ﬂ(l ow }f)- w&z@'igrég{d S¢ | ff]pe'\,s&e teQn.‘fR@j i-
obtained. Tn a further enbodi nent of the present
mentj nvient f Onyet heat ¢ br el ergnf onicethd aywrgeonpri sesd above
for st ack. gf‘ at | east two nonol ayer.s ofﬂgrlcg}nt&q? fc'éib.raesy the
Lor PaRh HRR%T aVere cont AP AT BGY UM di TRt onalT Y or eiter the
fibr&€i R o1 chge: i br €8¢ Mhes el e d hes dd bien b reet o iMores
‘ each nonol ayer is rotated with respect to the fibre
in adypeeri bhvsh- an adj acent nonolayer. In a preferred em
bodi - A.he fdbre-diyection between adjacent., i,.
nonorgl;}{e? sﬁ Lp‘?j”féo‘%acﬁteg&\(/\tft%“gﬁ\aﬁ'g*}@% o?ﬂgdoj') Cl to forma
creasos cahd ede el oissapt yo Thenaumberr ofe ool slyser sagaitdie the
. stack is at least 2 , and gen erally at most 12. More
impadh 25k 8 T SRt 610 01 oo RS TR HE TRk e
chanl8abetween 2-ang, 6r ke | fo0Ne Qbod vt dbeididres the
have a length in the range nentioned above for the
trangphrercysed e nbhvawovensitd anothertlehbodi et et K
:amstl%&‘f‘\szé{\ii ! 1@@3?&11@*;!\%031@ as, S‘—pegcfj#eexdwapoé/ﬁ,éﬂméae the
““fibres in a woven Tayer. The purpose of the
reinferafoy claget ayell i slto conioridases thetresistiaceof sta-
... the solar cell system against the inpact of external
p111 g et vt A ot PRES SRR tme i G e e Do T
detrStePhd i t¥od ocider sotasi cold &y stames (hvioust Yahd heise
transparency of the |ayer should be such that the

that filal sehrapsul hntt3olf is tyanidpdent. In a preferred
embodipent. HNe, relnf @c{)&ieﬂ& 13480 M dd - Al 8P eanty iute:
to the nmechanical stability - ;
ness per unit width of at least 100 kN/m, more in particular
at least 500 kN/m, most preferably at least 1500 kN/m. These
values apply over the full temperature range between -40°C
and +3%0°C. Accordingly, the fibre-reinforced layer has a
stiffness per unit width at 80°C of at least 100 kN/m, more
in particular at least 500 kN/m, most preferably at least
1500 kN/m.

The encapsulant foil, encompassing the fibre-
reinforced layver the two barrier lavers, and optionally in-
termediate layers, also generally has a stiffness per unit
width of at least 100 kN/m, more in particular at least 500
kN/m, most preferably at least 1500 kN/m. These values apply
over the full temperature range between -40°C and +30°C. Ac-
cordingly, the encapsulant foil has a stiffness per unit
width at 80°C of at least 100 kN/m, more in particular at

least 500 kN/m, most preferably at least 1500 kN/m.



of the solar cell system w thout necessarily
detracting fromthe flexibility of the systemin the
w@awe/10313¢ the solar cell itself is flexible. AGEEP2009/051918
fibre-reinforced | ayer generally has a stiff ness per
unit width of at |least 100 kNNm nore in particular at
| east 500 kN:raipn®stepreferabl yaddr) east 500 kN amper
These val ues appl¥ over the full tenperature range
unitpheideBnis40€ aHE2HOOC Y ACRDP BT HGEYY the modulus of the
fibrkl in @Egrggd lay% bas.a stiifpess, perquni foih didnso,
at east 100 kNV'm “nore in particular at
ana measugsga@nk;r\mm bposheprefekabby af teasfillsoor&kNifarcad
The encapsul ant foil, enconpassing the fibrereinforced
fayer the two barrier | ayers, and optionally in
t er nedi-at echayef sapak songenes Bl |yndasc ar stddd ness perc
unit width of at least 100 kNN m nore in particular at
widthehst c8OO0ukNCRE, PHDEET Bf’éfféffa%lyh%t mp@akes 15H0 kv FREP
sulanpesg:val ues.a ver the full te ahufesra
uia gg \%eex -4%0815%3%330@ “A:L: %orgllﬁgi y@tgﬁebe{nc%ps%nt
multfipilyihasia byi thaeskiperegni ¢ wilde heataB8OC afit afcl kast
100 kNNm nore in particular at |east 500 kNN m nost
preferably at |east 1500 kNm For the fibre-reinforced
| ayer, rhBenstif& nessepers unid= Wishd i:5 €ad cud at Bd-diyng
determ ning the nodulus of the fibre-reinforced |ayer,
1dyern HcboFdangétiehaselgny ASTM D031 ARd Tid €8 pI $F ng®
tranbbaP¥nl0ChhI 6KDEPS Of pLOS L bLE- Lol Mhor conLayes. o F
e encapsul ant F0|1, e"stiffness per unit wdihis
layecatoupat ednbygtieser fineng thecomdidesedf urheeemriﬂcawe
sulant foil, jin accordance wth D3039, and
of tRgI EPpFgPAG ph? Byt he T cﬂ?ﬂéé‘séofp?‘ﬁ%“éhjc‘amu?%%f parT
encyf Obha Fheznature obythestibres-useddinithe:kei nioOrssf ng

5 layey

14
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glass. A specific advantage of using & reinforcing layer com-
prising glass fibers is as fcollows. The low thermal expansion
and high strength of glass reinforcing material as compared
20  to the polymer components of the encapsulant foll causes a
reduction of the total thermal expansion ¢f the sclar cell.
This is advantageous, because the thernmal expansion of the
golar cell itself is much lower than that of polymer mate-
rial. A reduction of the thermal strain difference between

25  the highly inelastic and fragile solar cell itself and the

1]

colar cell system significantly re-

average expansion of the
duces the mechanical load change on the solar cell itself
during temperature changes. This results in a reduction in
failure behaviocur from fatigue and increases the reliability
30 and lifetime of the solar cell system.
in one embodiment, the reinforcing layer comprises

10~80 wt.% of a matrix material. The matrix material is a

polymer material which serves one or more of a number of pur-
poses. One purpose of the matriz material may be to adhere

3%  the fibres together. This is of particular inportance where
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layer is not limting as long as the required val ues
as to transparency and physical properties are net.
wab@onexs3of a | ayer conprisgng gl ass fibers i SPCT/EP2009/051918
consi dered preferred because of the suitable physica
and chem cal properties, transpar ency, and relatively
the FBWhEBSL:iASSOELatedombinsthesuseadk gFassnofeppecidi cori-
advantage of using a reinforcing layer comprisin
enteg| 436rePbefs P5easTPofowRY ThE Pl PRePhalcexPpansionthe
rei n%ndcmg 1BLLENOEN 0L QL ASS.LOLOL 0L G NG MBE (L AL ASrerera-
dto the poTyner conponents of the encapsul ant
bly beLheeaugesLadréduthﬁn ofréheredtabbl hebmaleexpahsion 70
. of the solar cell TIS i s advant ageous, because the
5wt Sy Ael @ EXpAnSFORTOF t he solar cell itself is nuch
| ower thanmthat ;;ofa POl VAR RS @) . od\ Fresht Gld i 0f1
the thernmal strain difference between the hi ghl'y ,
whichnébasbiie AAdipragil Bheobapveerpaittsarenand thels within
he gg-expan afy +59! 2L yStgr ate-
the b”g%gfggangg §g\g@éuceé §he8n€chg§#%3? ?oagxg %nge %%
Llalthe+smh§r~oabk stselfhdumvp@aﬁémpeoatUre*mhaﬁgbs gThis
) results. in a reduction in f@lLure‘be vi ou ot e
10 polYyPaEi gdBLAAELPNEF §§§§Qtﬁ§9révY§Bif?tg hnﬁlfl $ TR e
for Eﬁgmﬁﬁkafeﬁﬁkho§¥S&eﬂg 11 R-eng:empodientethepiastic
rei nforcing layer conprlses 10-80 wt. % of a matrix
pol ’rfrétaénr al <TThé mat:ml CraterPAVEsSa bbfyﬁ@flﬁmeﬂw%@l‘vwe“
‘ $erves,ane &y hugher ., of oses. (One
haﬁesf 80 78 H% na?ﬁbng{ tgngf’ gggbegt%pygﬁgre t he
butyEaDEESBtogethEEs %hhs LS 108 phatlthéanqenpﬁr$ahce0“°
. wheret he reinforcing | ayer prises.a stack
15 polyRgRsl aye%"aﬂ“aﬁﬁfém @b FRBFLE 1R bhe %n%o%“hehff\“ﬁl%w“
due UE¥ be-preferredefornthe ﬁ@'Qfgﬁelngf|aYQélioiﬁﬁnﬁa¢@9“3‘
ween 15 and 80 wt.9% prefera bly between 20 and 70
ing Wenpprabrecpr éﬁ@ﬁabnwbemeehh%oiaﬁé 7oatu L pf siaow no

yellg w1“ﬁernate£ aFﬂtﬁg EBt{VXrQRESE 9&, QXGbgth¥ high im-
permeability to water. Of the silicone polymers, both
20 thermoplastic, that 1s, non-curable, and thermosetting, that
is, curable polymers may be used. The use of curable silicone
polymer may be preferred, int. al., because they enable the
use of a particularly attractive manufacturing process for
the encapsulant foil, as will be discussed in more detail be-
25  low.

In one embodiment, the properties of the matrix ma-
terial are matched to the properties of the fibres. More i
particular, in one embodiment, between 15 and 80 wt.%, pref-
erably betwesn 20 and 70 wt.%, more preferably between 30 and
30 70 wt.% of a matrix is used and the refractive index of the
matriz material is matched to be within 30%, preferably
within 20%, more preferably within 10%, still more preferably
within 5%, of the refractive index of the reinforcing fibres.

This matching of refractive index leads to a reinforcing

3

layer with increased transparency. In this embodiment it is



which is able to fulfil the above requirenents. It is
within the scope of the skilled person to select a
waiovatd7ed mate rial. It maySconprise a ther nopP@FEPODOS51918
t hernosetting polyner. Suitable polynmers are known in
the art and conprise, for exanple, ethylene vinyl
preragebat eotEVAL fithes nopl gstifopobyol ol i nise (dP®B)% mate-
silicone polyners t her nopl asti c pol yur et hanes,
rialpoWgaret hane? t ubbee 59 PURYS T ami Dol i%s fy| Lbutsraeferred
ugEV§)~11£EOh§S ?an f?“ lh9lu$§§ ysﬁh&$WS|g{§gHmalll“
pol yners I's particul arly attractive i e present
conel ngehti oasduleit oyilhtal bbw, mabehindigh tLM sn:eaibtrdcm
. their lqw process ing erature, their T -
5 AndipBe Shate LRSS hEN D Gor| but ot HPeh Bub 8 éﬁ%ﬁt&l 3
froml 8dbahi0RncANds t hei 1 i ghnd rﬁ@eizﬁma@“iiéékﬁﬂaé/@t«ﬁf suef
the silicone polyners, both thernoplastic, that is,
non-cur abl e, and thernosetting, that is, curabl e
pol YMEERe W p/?nch' dﬁf nge ulsi,eli‘pjf L | & Sel Ly Csor}ﬁenerally
poI yner be preferre . ecause t]h
at lenabl e mhe cUSEe, orfmae p:anﬁtgw&;ﬂiafdlydatcw attave 20 mlCLOnS,
o manuf act urin rocess for the e ca sul ant 0|I .
10 stilyy ‘I‘“Flﬁelalgﬁggg%ﬂf"f‘ﬁ Hor eyt af T ow: 1n et hio Bhness
of tﬁmgghﬁgagc~welp§@pe££l@énmam@ b X m§%1@01%e
mat ched to the properties of the fibres. Mre in
morepant Pautagylien ohenenbod? frentcr et wedhl 15 BweE 800 vika 104
£ e ggf LB E : en, 20, and 70 wt.% nore preferably
SR ptween” %Bgaﬁﬁg\% £.%of a matrix is used and the
refractive index of the matrix material is matched to
be vvlthln 309% $referab|y Wlihln 00/ nore}prefgrﬁ:ery
Wit hi ntA9%35t5%4 priete: a‘bfyt?/ﬁti?ﬁ‘??%“@ OV Hhe v
may SETLRAStENG:T ndex; pfothe retndoreing: dibigsy ddhiscotect
mat chi ng of refractive index ieads to a reinforcing
the M&@r aeth m@me@@@detr@mpm efeyt ek sl epryodh s .
in p lSpE?f e£rerg f tltg(ﬁ Jibres ‘tiptgg epbedded in the, .14
* TiXCfat et Fi Vih the reinforcing fiber's are’
be egé@ss+ga1$ys$@£@1@w1@@, anti-sciling and have adeguate

o
[84]

20 resistance to degradation under the conditions prevailing
during use of the solar cell, and have sufficlent integrity
to seal and protect the underlying layers. Cbviously, their
transparency should be such that the final encapsulant foil
has the reguired transparency.

25 The second barrier laver, that is, the barrier
layer below the reinforcing laver generally has an insulation
resistance of at least 40 MChm*mZ at a test voltage of {2000V
+ 4 times the maximum system voltage, as defined in IEC61730-
2, test MSTLG.

30 in principle, any polymeric material which meets
the above reguirements is suitable for use in the barrxier
lavers of the present invention. It is within the scope of

art to select a sultable polymer.

&

the person skilled in th

The following 1s given as guideline only. Sultable polymers

3

35  include polvesters such as polyethylene terephthalate (PET)
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to use a silicone resin, in particular a phenyl-based
sili cone resin, as this wll allow matching of the
W0 dopaet’s&e i ndi ces as desdérli bed above whil e aRCT/ER2009/051918
soma time benefitting fromthe advantages of silicone
resins as descri bed above. The thickness of the
or pbelatercing hayerndssgenermal] y @bl deastofidLr Qs ymethyl
more in particular at least 20 microns, still pore in
nethpgaFyietfar Patyiekdt. 300 RFoNE! € The™ 't Hitkifo s bff YUfFo-
pol\,Eeu:n‘orcmg | ayer is generally at nost 500 m crons,
nore in particular at nost 200 mcrons, still nore in
pm t i Cu araatiomwistr 00 i oranisy e ﬂmﬂmmﬁ@ﬂ%mm&rm*
sed_in {he g esent 1nvent|on na e cotar
berd ﬂ ff‘é}%n They“Br&” 1 Hitehded t o° T“o%%% Ith”é “srb ar® e“?"‘rd“‘
cell fé?ﬁ%&ﬁeleffﬁﬁé“@édeﬂyﬂrpﬁﬂ@nﬁ@&rﬂxuﬁﬂddﬁﬂﬁhelTEhebe ma -
particular fromthe ingress of water. Further, they
terighpup B beraleet FRead |y emsal BT R, el i Laoithang aﬁ«rd
5ﬁ1¢ba¥e §Qqu ai e 1€§+§L§§9%pé9gd§9£agﬁ$ﬁ£¥%}qﬂkﬂ ngalgb 2
condi tions prevailing during use of e sol ar cel
and andi havecspiiY@¢Emtoﬁni@@yléwétﬂiéeﬁé+EHKﬂ¢HKﬂQKhY1¢&%

- der | . la v I transpar.e N
e BTt R PR LT Tal P Bl o1 100§
ridel equbred t1anspasensyet HeeseconshPaedd efodd@eiard hater)

is, the barrier |ayer béiOMIthe reinforcing layer

tet rybhier aPE yhhban arh st @ T one fesl Stamee oF dang é%ﬂs%"wa
te‘*bg@%ﬂggg {“ \a t eiSI 9’@1“ ag}%@?h\é?&f@@%dﬂ%&%&& nated
I um y T 2

st'em vo tage, as defined 1730
polytest MSTAG. mdmorpsiaciptle, daﬁyemfym@mmveﬂ & F Wh clexr-
t he ab ve r renents é sui tabl.e for Qf'"hwz and

fluoyg ?ﬁ%hb%?f? Y+ dyer Ve prEsehtel Wenty ont
BFEPW & htﬁaﬁﬂ@*xﬁ&@@et&fbéﬁﬁx @r SO Skitded 4 dihey@fde t 0
select a SU|tabIe pon ,
tetraflucroethylene (TPFE) qnd hexafluoropropylene {HFP} .
The barrier layers generally have a thickness of at

least 10 microns, nmore in particular a thickness of at least

17 microns, still more in particular of at least 25 microns.
The thickness of the barrvier lavers is generally at most ¢

microns, more in particular at most 200 microns, still more
in particular at most 100 microns.

The presence of barrier layers has an additional
advantage, namely the protection ¢f the fragile layers of the
solar cell from the stiff reinforcing layer. The reinforcing
laver distributes a load over the large area which reduces
the lccal stress perpendicular to the surface of the scolar
cell. This leads to a reduction of the risk of local failure

of the sclar cell. However, if the reinforcing layer is dam-

~

aged locally, the second barrier layer bsatween the
reinforcing layer and the solar cell serves not only as a
chemical barrier but also as a mechanical barrier by elasti-
cally absorbing the energy of the stiff sharp point load of

broken reinforcing material,
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The followng is given as guideline only. Suitable
pol yners include pol yesters such as pol yet hyl ene
W@ 200epba7Bal at e (PET) or pol yét hyl ene napht henat BCT/PENDP9/051918

pol ycar bonat es, pol ynet hyl nethacryl ate, polyim de,

pol yphenyl ene sul phide and fl uoropol yners . One

particularly attractive group of polyneric materials

are the fluoropolyners, in particular when the sol ar

cel | syst@®m isgiatiemddd FortNcomy 5érvh JHVEoor Gse the en-
caos{ﬁ]ceﬁ@ f@li egé@nj :S&{cf}‘lt b a&%@%{ig s JH gimfyefn{é‘%ﬁta’tearﬁ%yer

“Tresistant to soiling. Suitable i uor opol ymers are
(8) commeeciald yrawvafdables andyd nclndleroopblyatensiofier
Lo.Sthylene and tetrafl uoroethylene (ETFE), .~ . . .

Laveho| T et? af P uorset 1t ene {PTFE), Pol Vi nyl'idére FiIds =9
.laye'l(@L%IE()&(@V@@@C&WQHE@J{@Q By enen pr Qpyriene: 16oPpG) HIe-s

ferredt PaPPUBRTEE hylerRiesat | uor BT oyl Bnev nylli deife Poth
presé;yorTﬁg él;R§%¥QE§StK§}§Qterﬁéﬁf§qéLﬁgxW;QMJ%QﬁNQ%§%%
perf Tuori fat e pol ynmers using nononers such as "hexaf
to ihuosaps openel (HRP) Ly y pef fiuoroat koxyietrhy | fene (RFAN @ s~
, ferfl oronet hyl vinyl et her and EFER (g .transparent
ing bR potymeT T onsi 'stT ngt BT ety Bie: Other
t et r aftporgptdprlene (T FByandhexal ouer opy egylene poly-
(HFP) . The barrier layers generally have a thickness
mer pitafideastian i oi}br%,t@ml?‘él-ﬁﬂnh d"diﬁ FCUE A RS S®
It ;i.=ofw;.t}z;£tea§%ea 1‘-;7t ) &[ﬁﬁf‘sﬂ esulll&lr@f[ %é&é}ﬁmg) %L&Jl»ct‘)fa at
T eas 5 i Crons, e thickness of the barrier layers
sultalsigeneratlyl atraomsixHOO a8 crdns;inorle i pardixcul arefer
at nost 200 m crons, still, npr,we‘};i) n tarn:ti cufl ar, at_ nos Srca
to v PRErons? THEPr edEnte Ot batt it 1dyét's s A0t
ing Bdditional;advan age: namely dihenprotectiomof the
‘ fragile Tayers of the solar cell fromthe stiff {
inteypepiore hyydayern ThHe el hfar i [Say®hd i st sutes

- ..l oad over e%é e- area,whi ch reduces the | ocal
rol“%@r‘eas%“]genfpgﬁ“l %J%atr&t%%he surface of the solar

The intermediate layers, which may be the

3]

came Or

¢

different, generally have a thickness of at least 32 microns,

more in particular a thickness of at least 5 microns, still

more in particular of at least 8 microns. The thickness of

the intermediate layers is generally at most 100 microns,
EAY

more in particular at most 80 microns, still more in particu-

lar at most 40 microns.

The total thickness of the encapsulant foll in the
present invention generally is at least 40 microns, more in
particularly at least 50 microns, more in particular at least
70 microns. The total thickness of the encapsulant foil in
the present invention generally is at most 1700 microns, nore
in particularly at moest 1200 microns, more in particular at

most 800 microns. Embodiments with a thickness of at most 400
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cell. This leads to a reduction of the risk of |ocal
failure of the solar cell. However, if the reinforcing
WO 2000103784 dam aged | ocal | y,13t he second barri er PCEHER2009/051918
between the reinforcing | ayer and the solar cell
serves not only as a chem cal barrier but also as a
micrfREhani galpbar ries Hycebasthopldysahsording4heal enargy
of the stiff sharp point | oad of broken reinforcing
sonehpieri areiarone: enbodi ment of the present invention,
t he encapsul ant foil additionally conprises an
internmedi ate | ayer (6) between the reinforcing |ayer
and t het fhastbdear rieend ayert, tdre amdaytserinedi dtel | aferthe
o “(_7% between the rejnf Q‘gci‘n(g Jaa er, and the_second ore
Prespatr i eFerayer. iin ApRrErTal ATy Prie fer Tl diboui et
in pé?ﬁﬁ&ﬂﬁgfgtﬁt|@¥§r§eé@)f@@ﬁd(gﬁa@”@héxﬂfhﬁgﬁﬁﬁgﬁmnTmﬁ1jK3
. purpose of the internediate |ayer or layers is to .
500~ hevY eagewa rel ¢t lyr Feguef of heh ermiapaud amnf of¢ i byet the
preskiICTeA5.1L 00, he, pdber epse ofuthedayars, ¢ o gach eiferang
é 1nteérnedi‘ate Tayer may be made up of any poly mer
353RIAt endabOWhihvclr ¢ sUabl ecto, fdddrdadde wbodveless than 5%,
_requirenents. I%' I s vvi%hiwn the scope of the skilled . _
s CHEPEBRTt b° selectOh stf t AbF e"Tat &1d al = Fot - Exahpl 'ds- bt 15°
appl ULt BHl enpol yaRES: §st&felnt onhato-hasobean wiad Bshgth
above for the matrix of the reinforcing |ayer. Again,_
rangehetuse pfebnesioly nbieostPi bomet iaerhediat et aye? s* 4
1eoo°8rﬁb~éq,£?$é.i,8rﬁ‘atv¥kt-a;§"q{9' ass-fibre rein forced |ayer may
be préféerved. e internmedi ate layers, which may be
the sane or different, generally have a thickness of
at least 3 microns, nore in particular “qrthitctkpeﬁss. of‘_f
at |eaSt 5 miCriohs; &t 19° ndre i4+9 AT ar bt Es ©
the zlbf_s@%n@_ M££005en The thicknesseofathe dmt er sredi ot €on-
ayers is generally at nost 100 microns, nore in
passpardi celafortinmbstasor et onshastidy harer jgwove the
reinPg£éigglf£yer and a barrier layer below the reinforcing
layer, determined from the light-receiving side of the solar
cell unit, wherein the reinforcing layer meets specific prop-
erties. It is within the scopse of the present invention to
have twe or more reinforcing layers present between the bar-
rier layers, if so desired combined with one, two, or nore
intermediate layers. It is further possible in principle to
have a further reinforcing layer present below the second

barrier laver. However, this is generally not regquired.

o

In the present invention the encapsulant foil is
present above the light-receiving side of a solar cell. In a
preferred embodiment the encapsulant foll is adhered to the
light~receiving side of the solar cell using an adhesive {see
adhesive lavyer (2) in Figure 1}. The adhesive may be any
transparent adhesive which is capable of adhering the sclar
cell system to the encapsulant foil. The adhesive should be

durakble, and able to withstand envivomnmental influences.



at nost 40 m crons. The total thickness of the
encapsul ant foil in the present invention generally is
W@eoobaerss4 40 mi crons, norelidn particularly at PEHBP2059051918

mcrons, nore in particular at |east 70 m crons. The

total thickness of the encapsulant foil in the present
suithBYENLi08s 0e8sT ahly ks at- MRSt di 00y N £l OfSe rif Baddlc

particularly at nost 1200 microns, nore in particular
adheat vapst 580D er oAke s BBl et Se W e hy & ¢ Hiekh e880itr, 1o

aL . fmost  400m crong or at 1 300, crons: may. al so e ope
part R P R EL e BP0t P T TR B Foa e
vinythatethec encepsul antrfoplaofidt heo pyesehing nventson dras

i ncreased | ong term performance. Mre in particular,
PolyYinKhas“bedh®t olRdPt hat the transnission in the

500- 1100 nm wavel ength range of the encapsul ant foi

of the present invention, after 1000 hours danp heat

test (B5CNEBURH)Ehdt B0 Hot svaUVA testy L idedredseed
aaneM LD Tess th % , to.the {91l before, rent
S e S S
colobiansm $8&00, i Authiel 400a1406b en wavel engt dnd ange, comt e-
o . _preferably also to the transnission in the 350- 16&9 e
10 tl@“ﬁn?ﬁ%@%?%h@?hdFéﬁﬁ%.u?? PS Mot etPthatStas THUTTAL ed'® Ve
of 28PQVE,1LhesCLuXOf nihe, pEesSenind NVENbE 0.+ 6idhad rtheat -

encapsul ant foil encom passes a reinforcing |ayer and
trachiparrier. | ayer bbovestheay eihibrieg ngliayertamdoglow, it
-+ barrier |ayer_ below the rei reing. layer, . determ ned
a1of S e P GheT T ecer i - 1 BeSor Tret i - ey T
invebesein the reinforcing |ayer neets specific prop

erties. It is within the scope of the present

invention to have two or nore reinforcing | ayers

present, betyeem t he bafqxd efvd aysrs, ids s0 desiipads of

conbined wth one, two, or nore intermnedi ate | ayers.
at leéesis2foitherspossibl enipapridel prestphickness of at

least 5 microns. In some cases, the surface of the solar cell

L5

may not be conpletely flat, due to, for example, the presence
20 of a series connection, of busbars, or of other components.

If thie ig the case it may be attractive for the adhesive

o

1,

layver to be thick enough to even out the diifference in

height. In that case, the adhesive layer may have a thickness

of at least 50 microns, more in particular at least 100 mi-
25  crons, 1in some cases at least 125 microns, depending on the

thickness of the components to be encapsulated.

The maximum thickness of the adhesive layer 18 not
critical to the present invention and could be as thick as up
to 500 microns, while values up to 200 microns would be more

30 conventiconal.

The nature of the solar cell that is combined with
the encapsulant foil in the present invention is not criti-
cal. They will generally comprise a back electrode, &

photovoltaic layer, and most often a transparent front elec-

93]
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have a further reinforcing | ayer present below the
second barrier layer. However, this is generally not
WO e@oiesed |1 n the present ildvention the encapseXCEHRP2009/051918
foil is present above the |light-receiving side of a
solar cell. In a preferred enbodi ment the encapsul ant
trodbObhskg aghgredatopthent i ghtdseceiyi gt deonfed hndi-
solar cell using an adhesive (see adhesive |ayer (2)
catefinagi §uPelav§r. TheCAdREIY TRl hay bet 8PSt Andpat et
cell@dﬂg§'¥§sﬂh%gh%£§sgﬁpab ShOI %ﬂQ@fiQQ 1he.s9l at. celd con
systemto t ncapsul ant foil. The adhesi ve shoul d be
neatdunablhushadvabtaxtoemAlhg@amdb@hwerMaemaa£ &meﬁtlodv
Iuengeg.Suitﬁ ﬁ.heskyes i nclyde thernosetti ents
P ‘Yher npl astPeVadhesi ves: Suftable hahesives ™ Whents
of ubmgkugemgl yusethape [Hbbes,ath pantieyhare ahd phatdicer
pol yur et hane rubber, silicones, ethylene vinyl acetate
wUC%E&M}v—»th@f‘fﬁDplastlc polyoleflns (TPGs), and pol yvi nyl
butyra PVB) 1 €. ad 1. qg§§i i ntion
S|I|cd%ééE§;é%fa ﬁé§£v6§ héégpﬁﬁfgpﬁé S ha&%ﬁbegh%fmlon
is ofopaﬂito :bertnanspacente soloarlessis |m@$r$ d@$ab¢$£0“
and able to withstand the cong dltt grevalllng dq; ]
voltgde OFYthe SHIAPTEEI P EY8tbnt " The-Use™dF a tur'abt &

withagdheshvechas,begnaf oupd | 0c be. pastissharbyedt glass plate

tractive, int. al., because, as will be el ucidated
or thel dwkeit Salhoweet he whbgyh neFif Rt b e bRt E heSslistler £or
%%CO.{.Q'PQ Lo Lhe i pyent *hre 'P] Q\e&gf@! soihe adhesiye .
Tayér has a tRi ckness™ o | east m crons, nore in

uomppasinculﬁrom theéckness- Divade+@astd5 aperons. TTh koner, =
cases, the suriace of tfe solar ¢

bV 166ﬁﬁrete?ybflh eCHaE o a¥%¥'exéﬁp?e‘P?%éhp?e§§%%%r%ﬁ“°

SuitBoPEr 585, 60RALCt FON] 5 O r DUSHAE B LA, Of Ot BLEnple in
conmponents. If this is the case it may be attractive

WG Afc‘wf&agpehee daras %égbayé@3%04%‘é~@hlV&‘Rbéniubhﬁd‘%@%fp%(o
WO h?bgk{fergﬁcﬁﬁzﬁ 15/0156328 the discl es of which as
regards the nature of the various components of the solar
cells are incorporated herein by reference.

The application of & flezible solar cell foll in
the present invention is so attractive because the present
invention allows the encapsulation of such a solar cell sys-

tem while maintaining its flexibility.

in one embodiment of the present invention a flexi-
ble sclar cell foil comprising from the light-recelving side
down a TCO laver, a photovoltaic laver, a back electrode
layer, and a flexible substrate 1s encapsulated with an en-
capsulant foil as discussed above cn the light-receiving side
of the solar cell foil, and with a protective foll on the
non-light-receiving side of the solar cell. In cne embodi-
ment, the protective foill comprises comprising an
intermediate layer and a barrier laver. In another embodiment

the protective foil comprises a reinforcing layer and two
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hei ght. In that case, the adhesive | ayer may have a
t hi ckness of at least 50 mcrons, nore in particular
wW@roovaesss4 100 microns, in sgne cases at | east R@BEP2009/051918
m crons, depending on the thickness of the conmponents
to be encapsul ated. The maxi num t hi ckness of the
barradheshverkay@rebsinotnertreal vhortbe presents positioned
i nvention and could be as thick as up to 500 microns,
on off| PédeaPieshaprtonDODCHIEr oREShottd bR ndF et tohvents -
tien%gnﬁnltheTgﬁhg§tHﬁgeOffF:ﬁesgé ﬁf&?éin&h§é7é§ecﬁﬂb&5@@
Wt h 't he encapsul ant Yoi I n the present ihvention is
embodotecki thecakotFheyved Fbigeneyabtyaconpeassubabackoil as
. electrode, a photovoltaic layer, and nost often a . -
cescl i BREpaReE AL ontSE Bt F Db BASEd bh Bt TRRSHAT ehteTTe
diareondyetkve oxide, often indi cated as TCO |l ayer. O her
conventional elenents of solar cells may also be
presenfosubhe aBr DREFT6FS | Al eflae Larees TN FEEtS ons made
» wRUSbaLs, . rseL ., ayess.hel.gw the back el ectrode,
e g?gt ‘e‘étgi \f%gflaggrghé’%{béea}?ﬁ{eng etc. The various
conpongnt¢spoftsot ave cBltls mae koowmidimdderarit @nd soliarx
__..require no. further eluci daii on _here. A t%/pe of . sol ,gr
cell aVFLER WAreH tRe®pretent raventiondrs oF parttctiar
abovHSe are the solar cells where the photovoltaic |ayer,
or where present the TCO | ayer, is not covered with a
transparent overlayer, e.g., a transparent glass plate
or the |like, Solar,_cells whic particularly . oo
sui tabldé \gﬁé’r’”'uégie ih %e““pg\%%eﬁ?gg %’éﬁt i’%‘}r}{y&a@{eﬂ%ﬁftexﬁ‘bﬁep
sulagol dpitebkztoibsdconpreshayg, aisonvéhevltghtei ber dent
) si de down, a TCO | ayer, a PV layer, a back electrode .,
applpgyetONall APFI BRTF B SR hbSErat 8 N SuTtADI @ sBl A ¢kl T4
for HOLLSqang desciibedy {RE-EX3NPIBel PrWEDS8L13882:i1 may be
W09/ 49483, W01/ 47020, W01/ 78156, W03/ 001602,
combWoe3d/ B¥58511 andl W085] 04863881t hel o sl osdres’ vt laver,

e.g,yhéghssgcified above.

In one embodiment, the encapsulant foil suitable
for use in the solar cell system according te the invention

5

can be manufactured as follows. The reinforcing layer is
sandwiched between two barrier layer foils, and the combina-
tion is subjscted to a pressure step to adhere the layers to
each other. The presence of an adhesive intermediate layer is
however preferred.

Where intermediate lavers are present between the
barrier layers and the reinforcing layers, the process may,
in one embodiment, be carried cut as follows. In a first
step, the polymer that will provide the intermediate layer is
applied onto a foil of the barrier layer, either by a lamina-
tion process where the intermediate layer polymer is already
in the form of a foll, or by an appropriate spreading process
where the polymer is in liquid form. The reinforcing layer is

applied onto the polymer, and the layer set is combined with
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regards the nature of the various conponents of the

solar cells are incorporated herein by reference. The
wappbitextsd on of a flexiblelSolar cell foil in PEEEP2009/051918

present invention is so attractive because the present

invention allows the encapsul ation of such a solar

the S8kbn8YSaten while: el ah Niag disv fdexipidddry pdavionel
enbodi ment” of the present invention a flexi ble solar

withicelg Polyrednprat suvng ¥ rione e | Fight LHeeiRA i Ssi e
whezg @@froggg%$@¥f£" thOVplttLghiayQanawp%ﬁ, tayer setl

el ec ayer erX| e substrate 1s
is tleacapsul eamemvwm ha arruteno@pgmganttu foite asnadilstusgediiate

~_above on the ht -recei ying side of the solar cell
i-ayetowf%a W ST Ve g 1 e o Frany

actf9Bal { 9htarecei vidg-side, efcdhe solar cell. In one
enbodi nent, the protective foil conprises conprising

an intermedi at e | ayer and a barrier layer. In another

erbodi AROe I ALALACTIVE Tol) GOMISER A, OLC 1N

| ayer and YWobar ri‘er l'ayers, wherein the rst barrier
celillayes 1smpesttéoonedhonsonel Side afhddera eiafor cingre-
Ia er.and the other is posi tioned on the other side ..

Cof Ytﬁe“t ef if of ¢ty Fayero® 1H'E hﬁrfécﬁtb%lﬁm e ©F

are @69é§§&|t¥§tlﬁmﬂte nBynbe; AN, encapsul atcdoilias foil is
described in detail above, including, if so desi red

achefed et el o ateldayet sl - Ftﬁtetmetlpﬁ* ap%tw e gfeatie Tayet s
cureheference is nmde. ton%\%c/@% odas, been. ,gtgcﬁ,sesqgﬂqhovcej 1 is

he” pFot ective 1 of T e conbi ned t he 'sol ar

a fleelbisystemr usény muadhiesiyqat@yms @&y, ,iras preferred
speci fied above . In geperal i S not ed that t he

emb Ot‘t%‘ﬁ%ﬁar}%ﬁt e Hp S‘U‘Ftantnfb*r‘t Eribet Hhove haﬁf]at o)

procPgssuitable for application on the non-light receiving
side of a solar cell,

The flexibility of a solar cell foil, before and
after encapsulation, may be expressed by the curvature (de-
fined as the inverse bending radius {[1/m}}. A curvature of
null m-1 represents a perfectly flat laminate. The positive
and negative curvature represent bending the solar cell lami-
nate with the light receiving side on the outside and inside,
respectively.

For flexible solar cell systems according to the
invention it is preferred that after encapsulation the maxi-
mum curvature, defined as the inverse bending ratlo above
which the solar cell breaks down, 1s at least 2 m—1, more
preferably at least 10 m-1, still more preferably at least 40
m~1. In some cases a maximum curvature of at least 100 m-1
may be obtained. It iz a surprising feature of the present
invention that the maximum curvature of the sclar cell system

be-

N

may be higher than that of the solar cell itself. This 1
cause the presence of the encapsulation layer reduces the

stress on the solar cell during bending.
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for providing protection thereto. The protective foi
may be conbined with the solar cell system using an
w@oeivesoired | ayer, e.g., as Specified above. | n PCEEP2009/051918

enbodi nent, the encapsulant foil suitable for use in

the solar cell systemaccording to the invention can

be manufactured as follows. The reinforcing layer is

sandwi ched between two barrier layer foils, and the
conbi e tiToh Gt aribi eeted o & igr esdude Rsrdp o TEdhée

e LD YELS \7 AL S f, V;
acer e o e S R e B PR Wi AT
1ﬁL9rmtﬁEﬂEdlhﬁﬁeia¥EﬁSgam&191®5€h{w®€1%§eﬂ drvet barriaer of

| ayers and the reinforcin ayvers, the. roqess
the BaeKeRbodp it “ed%a?‘rre‘g %ﬁ%/afa%dflo‘i‘l as (h\’aﬁﬁyci%‘ts“‘

step, #he, pPel.é/r{Telrﬂ thato wii loprovigde thes |dﬂ1@d’@dicﬁ¢;ﬁ;u-
| ayer is applied onto a foil of the barrier

a
lantelgher by eohalied vioh precess dher efehe |"t‘hegi?refd? gt
othel»ag%ep%v L isalready b g formolyd fOidy Lindrier

an~appropriate spreadi ng process Where t e pol yme
leyernahﬁq&mdlzﬁmmed'imté elsm'@r Chang kbeayamlass;cappl i ed ont o
the polynmer, and the Iayer set is conmbined wththe
second barrier |ayer which has previously been
provided with the polyner that will provide the
internedi ate | ayer. Were the internediate |layer is
curable, the total layer set is then subjected to a
curing step to cure the internedi ate | ayer polymer. In
a preferred enbodinent, the foil is manu factured via
aroll-to-roll process. The encapsul ant foil may be
conbined with the solar cell by a | am nation process.
I f an adhesive layer is present, either the solar cel
or the encapsulant foil, or both, are covered with the
adhesive, and the encapsulant foil is adhered to the
solar cell. Where the adhesive needs to be
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cured, a curing step is carried out. Where the solar
cell is a flexible solar cell foil, this process can,
wo poog/1m78f er red enbodi ment ,1%be carried out in POEBEPNNS1918
of aroll-to-roll process . The flexibility of a solar
cell foil, before and after encapsul ation, may be
expressed by the curvature (defined as the inverse
bending radius [1/n]). A curvature of null m1l
represents a perfectly flat |am nate. The positive and
negatiyexgusvature represent bending the solar cel
lam nate wth the light receiving side on the outside
and i nsi de, respectlvely . For flexible solar cell
syste acc rd| %& he |nyent”9n4gg i\ pref red911 on
that after ‘éncapsul a? o the fraxi tum cur vatiure,” Yt <
the Oefhnedeas:tvheyi aves sesbendinga ratdOspdove: wWakSodheant
solar cell breaks down, is at least 2 m1, nore
foillpiaf BEBEYL aril @AsEONDAFES & twrf‘ﬂ%}f%lme?f%‘r%l@f%ttwo

wrrk@?%a?@z LyndPe SOMBLLASE5-8 PBX] (M CALVAt UL €081 @l onead
[east 100 m1 may be obtained. It is a surprising

aboneahﬂre9oﬁf®hEJ@geSQE@r|@V@nth@na ¢muatW&%ImﬁwrQWnpO§i“
the sol ar cell yst em e ggher t han

b O"?ﬁa?eg?“’t hg(‘“ oY aP - Certi vt sdlfr e ThY s° 1 ”Ef"*c <8 e

lighpresenceinf thecencapsyl atign tayersyeducesqsitdes: 5t ress
on the solar cell during bending.As |nd|cated above,
reinfRTERPY eRPREI FRAETIECMRy bEPBTTFRETI VECd BDRY which

“Ompb§gk epcapsyl ants, '%B{e!n, CPEE%_' L%%F‘nof nterfediate o,

[ayer and a barrier | ayer ication of the back
encapsul ant can be integrated in the above process.

Wien used in a soI ar. cell foil the cured encaps | a .
| ayer 75 cottbi‘Hed Tﬁﬁ%ﬂd%aﬁ$ﬁ%% l%ﬁt gl

an a@QtBeivsi dgyef _thg>§@J;@ﬁt.CBé{.wé@|;It.r&efsgbia@thll sifg he
barrier layer and an internediate |ayer may be
encappptfed. Coal Vs

3. Sclar ¢ell system according to any one of the
preceding claims wherein at lesast one of the bkarrier lavers

is a layer of a flucropolymer.

4. Solar cell system according to any one of the

preceding claims wherein the fibres in the fibre-reinforced

5. Solar cell system according to any cne ¢f the
preceding claims wherein the fibre-reinforced layer comprises
a non-woven fibre laver, a woven fibre layer, or a stack of
at least two monolavyers of oriented fibres, each monolayer
containing unidirectionally orviented reinforcing fibres,

wherein the fibre direction in each monolaver is rotated with

respect to the fibre direction in an adiacent mconolayer.
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1 . Asolar cell systemconprising a solar cell on the
Iight-receiving side of which a transparent

wepwaperBant foil is presert which conprises aPCT/EP2009/051918
reinforcing layer and two barrier |layers, wherein the
first barrier layer is positioned above the
rei nfogci ngsd ayercand 4:hesecanthRENTd afo ismypasie of the
ti oned bel ow the reinforcing |layer, determ ned from

PreCeRENE| ght iFecetVFRYBi te® of PR sobarocett Systemas @
£iprWNELein Yhe L el ATOL el ng, | ayer SO i $88n Au2, in particu-
l?linﬁr e?r el nf orced Iayér whi ch r(l:orrpri s%s ?i %r es"vai‘th an
lar hvevage lLength biCatrbeast, 2nene 20 .p&Solarubel |baystamlis
... agcordi r)ﬂgnt o claim1l wherein an adhesive |ayer is
an% bredent/bet ween the solar cell and the encapsul ant
foil. 3 . Solar cell system according to any one of
the preceding clains wherein at |east one of the
barrief- | ay¥ris?d "l | ayeit B AT Spoly mery, s of the
oreco9h AL CeLl,System accordi ng: £ 0, A0y, ONE: Qi thSnprises 10~
: precéding clains wherein the fibres in the
80 wiibrefreimtorcednbbyetadr epptbssaflpers. td §0 Sof ap, more
rorSeLl system according Lo any, one of, the preceding . . .
orefEE Ak GHETERR Che=iibl §- Fol b of Gotl IyEr Eonpr ek &2°
tweaRORSVWONEN7firesl ayer, a woven f! bre Iaygr, or a stack
of at |least two nonol ayers of oriented fibres, each
nmonol ayer containing unidirectionally oriented
reinf of Cl n%cflleptr erSﬂJV\h)e\:rsaeL'apr tﬂ%éz‘c@&s ddf eal, QUhd b the
each nonol ayer i s rotat’ed W th respect to the fibre
precdili egt ¢ baina eneadjacent tonetayesubant Sobar @el interme-
"y ,rsyit‘em accordin L fo aﬂ%{ oneé_}o_f the preceding claims, ..
S1atGhEPEFh theFTBTRE rRThYT BT et T ayer " Hast &Y i br &~ et ight ¢
firstapgar Ofr e ween d6: gk 300 OF N fify c i dly PRLFd €Uah@rthe
bet ween 15 and 100 gram n2, nore in_ particul ar between
second RREY ISL giant . oF between the reinforcing layer and

[
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S. Solar cell system according to claim & wherein

the fibre-reinforced reinforcing layer comprises between 15
and B0 wt.$%, preferably between 20 and 70 wt.%, more prefera-
bly between 30 and 70 wt.$% of a matrix and the refractive
index of the matrix material is matched to be within 30%,
preferably within 20%, more preferably within 10%, still more

preferably within 5%, of the refractive index of the rein-

forcing fibres.

10. Process for manufacturing a solar cell system
according to any one of claims 1-9 wherein a transparent en-
capsulant foil which comprises a reinforcing layer and two

barrier lavers, wherein the first barrier layer 1s positioned

above the reinforcing laver and the second barrier is posi-
tioned below the reinforcing laver, is applied on the light-

recelving side of a solar cell.
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7 . Solar cell system according to any one of the
precedi ng clainms wherein the reinforcing |ayer
weowpnoxzes 10- 80 wt. % of 24 matri x material, PCI/EP2009/051918
preferably 15 to 80 wt.% nore preferably between 20
and 70 wt.% still nore preferably be tween 30 and 70
W.%8 . Solar cell systemaccording to any one of the
precedi ng cl ai ns mhereln in the encapsulant foil an
i nt er medi at & ¢aet %ks*bfrfésr%t Dbethieeh tthe'reihiforcig <
enca#gxfénéngangf £Lr§%%P§é%'§5 L@@Sﬂ nbf£$§€n“$p§1v ng side
ern orC|n§ ayer d the secon arrier layer, or
of tbetmeéarthel?eihéﬁoc@ngafﬁyer ands ot ht ¢ heots rst tlandhe
second barrjer g r cell system according
Plfb35 aint's Rﬂ%ré1naPﬁ8 T?Br 2tei nforced reinforcing
| ayer conprises between 15 and 80 wt.% preferably
between 20 and 70 wt.% nore prefera b“y bet ween 30
and 7013 . %B0FCaS et e G the Flefiracti ver i hidéxegrein
.« Lhe erlal mat ched_ t o, i 0, -
£n *“?@? E%§13F%F%% %éﬁtnnég p?%fgfg I%ééﬁth|n f%/Cdar
cel.strbh aorelpy epeeablybyt hsm$%n ofdivheivef ractpaer icular
ind of the rein forcing fibres. 10. Process for
a Cuﬁﬁhﬁ?a@?ﬂ??nbea solar cell systemaccording to any one
of clains 1-9 wherein a transparent en capsul ant foi
whi ch conprises a reinforcing |ayer and two barrier
| ayer sd\/\heﬁré%%ﬂﬁeaﬁk?ls@ﬂﬁaﬁr‘? ey ajEr 9% Positd oned ¢
wnerBPOVE LIS, [ ehOLOLGl 0g. | axer and 106, segond PALILEL- | Sant
posi “tT1oned relrﬁ‘orcmg~ ayer is applied
re\eﬁhenblghb@eﬁélvhegQSLde ofla, sbééwveel$11&r,F¢00@s3.lta
accordlngato cLa|n1 10 wherei n a back Fncapsulf | ayer

necupswabp| F B £0Pt he®honll Pght™f eTof I gt S te™ Bt -t he
sol ar cell, before, after, or sinultaneous with the
appllcatlon of the encapsulant foi
14. Transparent encapsulant foil suitable for the
encapsulation of solar cell which comprises seguentially a

first barrier layer, a first intermedlate layer, a reinforc-
ing laver, a second intermediate layer, and a second barrvier
laver, wherein the reinforcing laver comprises a fibre-
reinforced laver which comprises fibres with an average

ilength of at least 2 om.

15. Process for manufacturing a transparent encap-
sulant foil according to claim 14, which comprises the steps
of providing the polymer that will provide the intermediate
layer onto a foil of the barrier layer, either by a lamina-
tion process where the intermediate layer polymer iz already
in the form of a foil, or by an appropriate spreading process

clymer is in liguid form, applying the reinforcing

PN O T £
wnhere Thne
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laver onto said polymer, combining the layer set with the
second barrier layer which has previously been provided with
the polymer that will provide the intermediate layer, and,

where the intermediate laver is curable, subjecting the total



12. Process according to claim10 or 11 wherein the

transparent encapsulant foil is lamnated to the sol ar
w@edob/163784n a rol |, preferaBEy using an adhesi VRCT/EP2009/051918

particul ar a curable adhesive. 13. Process according

to any one of clainms 10-12 wherein a back encapsul ant

layelayet +8 apphied:to:ihe:non:td gl reced mhagi Side Ofer
~ the solar cell, before, after, or sinulta neous with
polyppk- application of the encapsul ant foil. 14,

Transparent encapsul ant foil suitable for the
encapsul ati on of solar cell which conprises
sequentially a first barrier layer, a first
internedi ate | ayer, a reinforc ing |ayer, a second
internedi ate | ayer, and a second barrier |ayer,
wherein the reinforcing | ayer conprises a
fibrereinforced | ayer which conprises fibres with an
average length of at least 2 cm 15. Process for
manuf acturing a transparent encapsulant foil according
to claim 14, which conprises the steps of providing
the polynmer that will provide the internediate | ayer
onto a foil of the barrier layer, either by a |lamna
tion process where the internediate | ayer polyner is
already in the formof a foil, or by an appropriate
spreadi ng process where the polyner is in liquid form
applying the reinforcing | ayer onto said pol yner,
conbining the |ayer set with the second barrier |ayer
whi ch has previously been provided with the pol yner
that will provide the internediate |ayer, and, where
the internediate | ayer is curable, subjecting the
total l ayer set to a curing step to cure the

i nternmedi ate | ayer pol yner.



