-1 WO 2011/160925PCT/EP2011/059002 Production of solar cell modules The present invention
relates to the production of solar cell modules and the corresponding solar cell modules. PRIOR ART
A solar cell or photovoltaic cell is an electrical 10 component, which converts the radiant energy
contained in light) ik parti¢likad %2 Sunlight, directly into electrical energgTTRe physicablgesiz2of this
conversion is the photovoltaic effect, which is a special case of the internal photoelectric effect. 15 Fig.
3 is a schematic cross-section showing the basic structure of a solar cell module. In Fig. 3, 501

denotes a photovoltaic cell, 502p3-3i3fo¢qiBg a9ENE SP32 Rlate apd fPfled rear wall. Sunlight impinges
on 20 the light-sensitive surface of the photovoltaic cell 501, having passed through the plate 503 and

the reinforcing agent 502, and is converted into electrical energy. The current produced is delivered by
output terminal§ ot shiowan25 Thevshotovoltaic eel caanotwithstand extreine externalccdnditions,

because it corredesseasiyeand isseryifeagiledsmust thereforehe, covered and protected by a suitable
material. I%mo%tgcg\éfgsthis is achieved by 30 inserting and laminating the photovoltaic cell using a

suitable reinforcing agéent between a weatherproof transparent plate, e.g. a glass plate, and a rear wall
with excellent moisture resistance and high electrical resistance. 35 Polyvinylbutyral and ethylene-vinyl
acetate copolymersik\eRmare often used as reinforcing agents for solar cells. In particular,
crosslinkable EVA compositions WO 2011/160925- 2 -PCT/EP2011/059002 display excellent
properties, such as good heat resistance, high resistance to weathering, high transparency and good
cost-effectivendss. S°HIE soff el MBduRNMteY Re exEEmels HlraBle, betause GHH bEarked outside
for a longltime. ddverefornthe reinfarting @geat nriStprssess amengoibesthings, excelleat

resistance to wegtheting;and high therpostapility. However, Jightsinduced andfory - ¢,

electrical energy. The physical basis of this
conversion 1s the photovoltaic effect, which is a
special case of the internal photoelectric effect.

15
Fig. 3 1is a schematic cross-section showing the basic
structure of a solar cell module. In Fig. 3, 501
denotes a photovoltaic cell, 502 a reinforcing agent,
503 a plate and 504 a rear wall. Sunlight impinges on

20 the light-sensitive surface of the photovoltaic cell
501, having passed through the plate 503 and the
reinforcing agent 502, and is converted into electrical
energy. The current produced is delivered by output
terminals (not shown) .

25
The photovoltaic cell cannot withstand extreme external
conditions, because it corrodes easily and is very
fragile. It must therefore be covered and protected by
a suitable material. In most cases this is achieved by

30 inserting and laminating the photovoltaic cell using a
suitable reinforcing agent Dbetween a weatherproof
transparent plate, e.g. a glass plate, and a rear wall
with excellent moisture resistance and high electrical
resistance.

35
Polyvinylbutyral and ethylene-vinyl acetate copolymers
(EVA) are often used as reinforcing agents for solar

cells. In particular, crosslinkable EVA compositions



10 heat-induced degradation of the reinforcing agent and consequent yellowing of the reinforcing
agent and/or peeling of the photovoltaic cell are often observed, when the module is used outside for a
long time, e.g. ten years. The yellowing of the reinforcing agent leads 15 to a decrease in the usable
fraction of the incideitllipht and 2Berefore lower eleetrical performanceHurtirermore,gpeeling of the
photovoltaic cell permits penetration of moisture, which can lead to corrosion of the photovoltaic cell

itself or of metadlicaparts,in 2@;the solax cell medyle-andmay alsodgsultin impajggent githe
performance of the soL?r cell mod%(lj%l%%lthoggg the EVAs usually employed are good reinforcing

agents in them§§§§55, ﬁgyc Ste gra y degraasg%gll%% hy&r%lys@] g’ﬁ %?BWysis. \]ﬂﬁtﬂrﬁme, heat
or moisture cause3dtetié atiMoBEreleastd- This lehds €@ yekowing of the reinforcing agent, to a
decrease in mechanical strength and to a decrease in adhesiveness of the reinforcing agent. In

addition, the acgfic acid %Oagele%seeplact% catalyst and causes_additional acceleration of
degradation. Furthermo(r)e, there is the prcﬁﬁé%lnetha%}{t%%%pho c?voltgféatéfe{ﬁmfﬂ%/for o] Hg?a}'ﬁ%t@ai parts in the

solar cell moduRe&R'ESroded by ie ackfic aBRES5 T3 E6VEhed@BrolllemsPEdropeanepatent
application EP T1065c31rA2 proposesthefuse oha solareell medele thes sempaises anphetovoltaic cell

and a polymerig, W0 2014160925 3 FGT/ER2011/059003 einfqreing agent, and said polymeric
:

reinforcing agegt, is.to contain an ethy,lgne-acrylate-acry Ic acid terpolymer, an etﬁﬁgne-acrylate-maleic
acid anhydride TerpBlymer AR 8fHyTete: riethacriift 58 Bster-atFlie 5 aci €2fer témpdifter, an
ethylene-Berylik:aeit estemethacidizrasid terpolymér, ahethylenefmethactylie acidresteraethacrylic

acid terpolymerC@alcygQ@@@Ehyl;@@-m@}ﬂ@gryl}gfac@%stef-éqggi(gracq'qlanhé(ggg(g tegq&)&/y%q. However,

both the resistancg t(})_r\l/veathgrintgnlo ar}gI the e icieni%/ of such solar céll modules are limited.
Improvement of the resistaRce to ﬁeaﬁweorﬁﬁzv AcHiic moulding éSmpfotings by BSiRg SEfable UV
absorbers is 15'81S8 kib\en frepithe phor &g ethusy DELEE3 0645 Alldescribésianningaids that

comprise a polymsathykmethacrylate moulsing yvhigh rhe reinforcing agent leads
15 to a decrease in the usable fraction of the incident

light and therefore lower electrical performance.
Furthermore, peeling of the photovoltaic cell permits
penetration of moisture, which can lead to corrosion of

the photovoltaic cell itself or of metallic parts in

20 the solar cell module and may also result in impairment

of the performance of the solar cell module.

Although the EVAs usually employved are good reinforcing
agents 1in themselves, they are gradually degraded by

25  hydrolysis and/or ©pyrolysis. With time, heat or
moisture causes acetic acid to be released. This leads
to yellowing of the reinforcing agent, to a decrease in
mechanical strength and to a decrease in adhesiveness
of the reinforcing agent. In addition, the acetic acid

30 released acts as a catalyst and causes additional
acceleration of degradation. Furthermore, there is the
problem that the photovoltaic cell and/or other metal
parts in the solar cell module are corroded by the
acetic acid.

35
To solve these problems, European patent application EP
1 065 731 A2 proposes the use of a solar cell module
that comprises a photovoltaic cell and a polymeric



contains 0.005 wt.% to 0.1 wt.% of a UV stabilizer in which the residues 122 and R2 represent
independently an alkyl or cycloalkyl residue with 1 to 20 carbon atoms. 25 However, that publication
does not give any information on the use of the mouldings for the production of solar cell modules.
DE 38 38 480 Al@istidsesimef3 methacrylate polynters 30 and copatyriers,0nhich sontain a)
anoxalicacidanilideOr2,2,6,6- tetramethylpiperidine compound as stabilizer against damage by light

and b) a fire-retaedant orgarig phgsphorus £ampeuad p WOR01141 60925 4,-PGTFR21{059002
However, that publicaﬁion does %%Ve an inforgggtign on the use of the comf)osition for.the

production of solar cell oddies. 2005-2987 %ceﬁ%glbaslgg%o%&ﬁagr alrﬁetha%ﬁ/ﬁ resin,

which preferabl{ToREAIHTIO0 pars by WeiGHtof nftHacryie résid, somprising 6800wt %of methyl
methacrylate units-ard Or4drwt.%rof ethey copelymerizablewinyl monomes ynits;apd 8005-10 0.15
wt.%0f2-(2-hydroxy-4-n- 0 -4 6- bis(2,4-dimsthylpheny1)-1,3,5-triazine and/or 2-
hydroxy-4%ctyl%0§3€§n%§gr%né%%?%%%%%ﬁdinég are(’eggin i?j' %L ﬁa\%g %\y)g?‘e]ﬁcnitéa1 %Jéréﬁe? %ogﬁ\]? rays and to
display a transpXtERAr 6¥ atRosBEa% at PRy RRT a 15 franSFaréhe) of BERA’ET0% HE380 mu,

measured on mouddingsagittea thickhessrinlthe range from @640 &Slywre T he meuidings afe to be used
in particular as ightinGene -methacrylic acid ester-maleic acid anhydride
terpolymer. However, both the resistance to weathering
10 and the efficiency of such solar cell modules are

limited.

Improvement of the resistance to weathering of acrylic
moulding compounds by using suitable UV absorbers is
15 also known from the prior art.

Thus, DE 103 11 641 Al describes tanning aids that
comprise a polymethyl methacrylate moulding, which
contains 0.005 wt.% to 0.1 wt.% of a UV stabilizer

20 according to formula (I)

o 0
H (1)
NH HN )

R OR

in which the residues R' and R®? represent independently
an alkyl or cycloalkyl residue with 1 to 20 carbon

atoms.

25 However, that publication does not give any information
on the use of the mouldings for the production of solar

cell modules.

DE 38 38 480 Al discloses methyl methacrylate polymers
30 and copolymers, which contain
a) an oxalic acid anilide or 2,2,6,6-
tetramethylpiperidine compound as stabilizer against
damage by light and
b) a fire-retardant organic phosphorus compound.
35



20 fixture coverings. However, that publication does not give any information on the use of the
mouldings for the production of solar cell modules. 25 SUMMARY OF THE INVENTION An object of
the present invention is therefore to demonstrate possible ways of reducing the drop in performance of
a solar cell in long-ter Lsé ®usddors, 30 in particular at high temperature mpeliarhighs burpigity. For
this purpose, in particular ways were sought for achieving excellent resistance to weathering,

maximum possiglgheenostahility aadmaxipuRniransparency tagetber with minimuwy water
absorption. 35 Erﬁ %g% for muIt yncton solar cells gajso called tan gem sola cells or stacked solar
cells), materials shou Thade avalla fe that Bifet ¢ optimum proteg on WO Bﬁ/]l%ﬁ%% 5
-PCT/EP2011/059067 of tHel sdlafhbatiles and make optimum efficiency possible.  also required.
These and other problems that are not concretely 10 stated, but are obvious from the context of the

discussion én thggwtrggHgtl%g2§olxed b)ég? %a mouldglmcqo%n%pscgt#% with a!:}f?%i,fe Sl:rraecsleof Claim

1 of the present patent. The subciaims that refe ko€ Ibe paﬁlcu
variants of the I55RVEntioH FERhERFRT pROECtionTIS aldd SHRIGNPRF fife Eofreépballing Sélar cell
modules. By usingthacrylic resin, comprising 60-100 wt.$ of methyl

methacrylate units and 0-40 wt.$% of other
copolymerizable  vinyl monomer units, and 0.005-
10 0.15 wt.% of 2-(2~-hydroxy-4-n-octyloxyphenyl)-4, 6-
bis(2,4-dimethylphenyl)-1,3,5-triazine and/or 2~
hydroxy-4-octyloxybenzophenone. The mouldings are said
to have a definite barrier to UV rays and to display a
transparency  of at most 20% at 340 nm and a
15 transparency of at least 70% at 380 nm, measured on
mouldings with a thickness in the range from 0.5 to

5 mm.

The mouldings are to be used in particular as lighting
20 fixture coverings. However, that publication does not
give any information on the use of the mouldings for

the production of solar cell modules.

25 SUMMARY OF THE INVENTION

An object of the present invention 1is therefore to
demonstrate possible ways of reducing the drop in
performance of a solar cell in long-term use outdoors,
30 in particular at high temperature and/or high humidity.
For this purpose, in particular ways were sought for
achieving excellent resistance to weathering, maximum
possible thermostability and maximum transparency
together with minimum water absorption.
35
Especially for multijunction solar cells (also called
tandem solar cells or stacked solar cells), materials

should be made available that offer optimum protection



a)at least one (poly)alkyl(meth)acrylate and 20 b)at least one compound according to formula (1) 00
in which the residues RI and R2 represent independently an alkyl or cycloalkyl residue with 1 to 20
carbon atoms, for the production of solar cell modules, and by 25 ensuring that the solar cell has at
least one compddedtdddmphsiAg a polyalkyl(meth)acrylate, with the pameerHPAtON,/@f 319 compound
according to formula (I) in this component being in the range defined below 0.014,0/0xmm]0.6 30

Corobsoth, d[ram] kigtispassibdgsinarpanneishotdmmediaely MuyiyRetion st ciency
ceII,duringlong-lg%rggjlsgl%utdoors, in particular at high temperature and/or high humidity. In particular,
excellent resistance to weathering, very high heat resistance and very high transparency plus
generally low water absorption are achieved. Moreover, it ensures that the spectral region of sunlight

that is usable byihke selancel,, in parictiar by-eudiunrctianT salaycells i iscnokabsorbed; byt there is
optimum absorpiion QLNE: 12y acids, and maximum adhesion to the
various basic components of a solar cell module were

also required.

These and other problems that are not concretely
10 stated, but are obvious from the context of the
discussion in the introduction, are solved by using a
moulding compound with all the features of Claim 1 of
the present patent. The subclaims that refer back to
Claim 1 describe particularly desirable variants of the
15 invention. Furthermore, protection is also sought for

the corresponding solar cell modules.

By using
a) at least one (poly)alkyl (meth)acrylate and
20 Dby at least one compound according to formula (I)

O\ O

>—~—< (I)
NH HN 5
R OR

in  which the residues R' and R? represent
independently an alkyl or cycloalkyl residue with 1

to 20 carbon atoms,
for the production of solar cell modules, and by
25 ensuring that the solar cell has at least one component
comprising a polvalkyl (meth)acrylate, with the
concentration of the compound according to formula (I)

in this component being in the range defined below

0.1 {wt.% xmm 0.6 |wt.% x mm
3 O CUVwabsorber = d [ o[mm] ] o d [ i ]

moulding moulding [m m ]
it is possible, in a manner not immediately
foreseeable, to provide optimum prevention of a drop in

performance of a solar cell, in particular a



10 harmful UV region. Furthermore, even with long-term use outdoors, no corrosive substances are
released, and very strong adhesion on the various basic components of a solar 15 cell module is
achieved. The solution presented here therefore provides the most efficient use of ‘'usable'light in the
visible wavelength &gidr. X @ke Same time, other wagelength 20 regionseircpdrticglapindbe CA/
region, which cannot be used for production of current, are absorbed extremely effectively. This

absorption increasesithedesistance teyveathering of the selar-gelbmodulgs, Fpghgrmorgg the
absorption prevelgtt:sddeleterious 25 heCatin of th%Qght,cqulle%tors, without havinago us n(%:;q%:ir?g

. , 1
elements for this purgcc))géc’, and ths Tife of tﬁeasrolar cell odules” se[ﬁ%lto%ﬁeedéﬁ he'sa e, the

solar cell can di¥pRYSHSTHIN spedtrumPeiEctiBR1 8@ In particRan S foll 6Wing Hdvantages-are offered
by the procedure=accosdingdo thedaventiarsHt pravddes aseess-tora solatcell medyle withexcellent

resistance 4o weathei eat resistance 35 mpisture resis nce. N eeling. accurs, even if the
module is gxpoge%]% g%@%o?%orﬁ%it%%ls %%geloanlg time. mthgrgl?ntgre, tﬁ%grggi%?%q%% to%gathering IS
improved, as nG 2eHSE Fleal¥ed SERTat high BRIpERRUERHNd TG FRRTEHRA ASTREETE no
corrosion of theoghotewuolidigicell bytraoid, stablexduiabte peformance sbthersolaecgell is maintained

overalongperjody +icular by multijunction solar cells, 1is not
absorbed, Dbut there is optimum absorption of the
10  harmful UV region.

Furthermore, even with long-term use outdoors, no
corrosive substances are released, and very strong
adhesion on the various basic components of a solar

15 cell module 1s achieved.

The solution presented here therefore provides the most
efficient wuse of "usable® light in the visible
wavelength region. At the same time, other wavelength
20 regions, in particular in the UV region, which cannot
be used for ©production of current, are absorbed
extremely effectively. This absorption increases the
resistance to weathering of the solar cell modules.
Furthermore, the absorption prevents deleterious
25 heating of the light collectors, without having to use
cooling elements for this purpose, and the life of the
solar cell modules is prolonged. At the same time, the

solar cell can display its full spectrum of action.

30 In particular, the following advantages are offered by

the procedure according to the invention:

It provides access to a solar cell module with
excellent resistance to weathering, heat resistance and
35 moisture resistance. No peeling occurs, even if the
module is exposed to outdoor conditions for a long
time. Furthermore, the resistance to weathering is

improved, as no acid 1is released, even at high



Furthermore, materials are used that have outstanding resistance to weathering, thermostability and
moisture resistance and that have excellent transparency, permitting very good solar cell modules to
be produced 10 DESCRIPTION OF THE DRAWINGS Fig. 1 is a schematic cross-section of a
preferred solar zell todulelacrding to the present invention. 15 Figg:2azand 2b/are sghematic
cross-sections, which show the basic structure of a photovoltaic cell that is preferably used in the solar

cell module accg@[\@@ﬁagfésandaql@p V}%Qf thgdﬁg%g& |t|vep§gea 0,20 the photoveltaic cell.
Pig. 3isa schematlc cross section of a con%l/entlon | solar ce i?a v% 4: Transmlssmn spectrum of
S Q#o Sdrati

comparative examp e JIng 5:“Transmissibn sp %a(%f cont %xa?r% 2 S??gb%se
Comparison of tHettrdrsmiserstispatracet 30 exarmslessbioes Fige:1ong-term iveathering test of
example 6 basegh@ithe respgciive-tragsmission spectra 35 Fig. 8: Sensitivity of a multijunction solar
cell (CDO1Q0 ConcentratorPhotovoltaik cell, from the company Spectrolab Inc. (USA)) as a function of
WO 2011/160925_ 8 PCT/E22011/059002 the wavelength of the incident light in the wavelength
range from 250X54EBSRAPT ©9; SEHSRIVIt bF a FHALjWFEBN SHIAF cAlaH Sretationtrtie navelength
of the incident lightistherwavetengtherangefiom 336 1o 1736 papReferencesymiols1Qire

resistance and that have excellent transparency,

permitting very good solar cell modules to be produced.

10
DESCRIPTION OF THE DRAWINGS
Fig. 1 1is a schematic cross-section of a preferred
solar cell module according to the present invention.

15

Figs. 2a and 2b are schematic cross-sections, which

show the basic structure of a photovoltaic cell that is

preferably used in the solar cell module according to

Fig. 1, and a top view of the light-sensitive area of
20 the photovoltaic cell.

Fig. 3 1is a schematic cross-section of a conventional

sclar cell,

25 Fig. 4: Transmission spectrum of comparative example 1

Fig. 5: Transmission spectrum of comparative example 2

Fig. 6: Comparison of the transmission spectra of
30 examples 1 to b

Fig. 7: Long-term weathering test of example 6 based on

the respective transmission spectra

35 Fig. 8: Sensitivity of a multijunction solar cell (CDO-
100 ConcentratorPhotovoltaik Cell, from the

company Spectrolab Inc. (USA)) as a function of



101photovoltaic cell 102reinforcing agent 103plate 104reinforcing agent 105rear wall Fig. 2a 20
201conductive substrate 202reflective layer 203photoactive semiconductor layer 204transparent
conductive layer 25205collector electrode 206aconnector 206bconnector 207conductive, adhesive
paste 208condir&live (laktd 60#a solder 30 Fig. 2b 208cenductive subsTra&r2011/059002

the wavelength of the incident 1light in the
wavelength range from 250 to 450 nm

Fig. 9: Sensitivity of a multijunction solar cell in

5 relation to the wavelength of the incident light

in the wavelength range from 330 to 1730 nm

Reference gsymbols

10
Fig. 1
101 photovoltaic cell
102 reinforcing agent
15 103 plate
104 reinforcing agent
105 rear wall
Fig. 2a
20
201 conductive substrate
202 reflective layer
203 photoactive semiconductor layer
204 transparent conductive layer
25 205 collector electrode
206a connector
206b connector
207 conductive, adhesive paste
208 conductive paste or tin solder
30
Fig. 2b
201 conductive substrate
202 reflective layer
35 203 photoactive semiconductor layer
204 transparent conductive layer
205 collector electrode

206a connector



202reflective laver 35203photoactive semiconductor layer 204transparent conductive layer
205collector electrode 206aconnector 206bconnector 207conductive, adhesive paste Fig. 3 501
photovoltaic cell 502 reinforcing agent 503 plate 504 rear wall DETAILED DESCRIPTION OF THE
INVENTION Within2lé s¢aped Rthe present inventiorp15 a)at least ma (pabp)alkyl(oetiaerylate and
b)at least one compound according to formula (T)

206Db connector
207 conductive, adhesive paste
Fig. 3
5
501 photovoltaic cell
502 reinforcing agent
503 plate
504 rear wall
10
DETATILED DESCRIPTION OF THE INVENTION
Within the scope of the present invention
15 a) at least one (poly)alkyl (meth)acrylate and

b) at least one compound according to formula (I)

@) O
Y4 -
NH  HN

2

in which the residues R' and R? represent
independently an alkyl or cycloalkyl residue with 1
to 20 carbon atoms,

20 are used for the production of solar cell modules,
ensuring that the solar cell has at least one component
comprising a polyalkyl (meth)acrylate and that the
concentration of the compound according to formula (TI)

in this component / these components is in the range
25 defined below:

0.1 [we%xmm] 0.6 [wr.% x mm)

CU V ~absorber ~ i 0
moulding [m m] dmoulding [’nm ]
30 “(Poly)alkyl (meth)acrylate” stands for
*polyalkyl (meth)acrylate” respectively for
“alkyl (meth)acrylate” respectively for mixtures of

both, e.g. in form of a syrup which may be used for
cast processes.



in which the residuesand R2 represent independently an alkyl or cycloalkyl residue with 1 to 20 carbon
atoms, 20 are used for the production of solar cell modules, ensuring that the solar cell has at least
one component comprising a polyalkyl(meth)acrylate and that the concentration of the compound
according to formula () ivthidéabponent / these components is in thetange25 defisetbibelow: OA
[ivt.%xmmj0.6[141.%A-mm] CUT' -absmber =0 d mouldwg [mind mouhiing [111M 30
"(Poly)alkyI(methw@%@ng%m@x@iwl(@e@qg;glgg??r@g@@qgi\é@%ﬁra" ylimeth)acrylaten
respectively for g’(l)i)é{[u(r)%% 8f bogh éa.%..in forrp of asyru whic Ognuay be used for cast processes.
Component comprls?ng a po@/af&yﬁmzé?r%acrﬁlate%n a om(& undIﬁgégr?jling"f&?&?ﬁhlat(ﬁemeans,
within the scopes6PIRg présert VARG compendntut a solar@alioagna laver ar & plateror a two-
or three- 5 dimensionallyfogmedsbody,e-g. made of greirfercing agentwhichgontribytes to shielding

of the solar:modyJes gggig textern I h m%{ul effects and contains both a bolyalkyl(meth)acrylate and
5
a compound accord%ng to f%rmui)é (i?o,g so ar %gl Xéco?diﬁg ton}ﬁ%%fnv%%tioan 1 e&a{\{n SontainSeveral

such elements, ¥HFEHmay"Be- E8nstFasted Hifereftly.t PretéraphitheTorentriaion ¢f eV
absorber (compoudd besordingitodarmede: €EFr)glis indbe fangedbrtsoms 2hd contains

both a polyalkyl (meth)acrylate and a compound according

to formula (I). A solar cell according to the invention
10 can contain several such elements, which may be

constructed differently.

Preferably the concentration of the UV absorber
(compound according to formula (I)) is in the range
15 from

015 [wt.% x mm] 045 [w.% x mm]

CVU V —absorber —
mm ]

moulding [

dmoula’ing [m m } d

quite especially preferably in the range from

0.15 [we.% xmm] 0.4 [wt.% x mm]

20 CU V —absorber — to d [ ]
noulding mm

moulding [m m ]

and most preferably in the range from
015 [wt%xmm] 0.3 [wt.% x mm)]

CUV—absorber - d [ ] d [ ]
moulding mm moulding mm

The aforementioned limits and units are explained as
25 follows:
Transmission spectra (see examples) were measured on a
3 mm thick Plexiglas® plate with various concentrations
of the UV absorbers used according to the invention
(compound according to formula (I)). The concentrations
30 of UV absorbers are determined, as shown below with an
example of calculation with a UV absorber content of
0.06 wt.%:

3
CU V ~absorber = T-Ln—/lffl—]__

0.06 [wr.%] = 0.18 [wt.% x mm)|
bnm] d

moulding moulding [m m]

35



0.15 [wt.% xmm orb, @' ...wing 1mm 0.4 [wt.% x mm] to m d.mLm1 and most preferably in the range
from 0.15kvt.%xmtrd0.3 [wt.% x mm[ - a cuter =to d[mini d010,112(r)motaam The aforementioned
limits and units are explained as 25follows: Transmission spectra (see examples) were measured on a
3 mm thick Plexiglag(r}) platé ddthSvarious concentratibhs of the UV absorers used @eeording to the
invention (compound according to formula (I)). The concentrations 30 of UV absorbers are determined,
as shown belowmathesan example of calculation with a UV absorber content of 0.06 wt.%: 0.18 [wt.% X

mm] Cuv absorber : denotes the concentration of

the UV absorber compound according to
formula (I) in the moulding compound or
5 the casting monomer mixture or the
component or layer of the solar cell,
which contains the components a) and b)

Gmoulding: denotes the thickness of the moulding

10 The factor in the numerator of the above equation
therefore always refers to a 3 mm thick component
(thick layer or plate). Taking into account the real
thickness in the denominator of the above equations
ensures that for components with different thicknesses,

15 regardless of the real thickness, the appropriate
action of the UV absorber is ensured.

The components a) and b) can be used together in a
composition, e.g. as a mixture in a moulding compound

20 or in a casting monomer mixture, for production of a
component, e.g. a moulding, of the solar cell module.
However, 1t 1s also possible for each to be used
separately for the production of wvarious individual
elements of a solar cell module provided at least one

25 element comprising both components a) and b) at the
aforementioned concentration, 1s present in the solar
cell.

The (poly)alkyl (meth)acrylate can be used alone or
30 mixed with several different
(poly)alkyl (meth)acrylates. Moreover, the
polyalkyl (meth)acrylate can also be in the form of a
copolymer.
Within the scope of the present invention, homo- and
35 copolymers of C;-C;g alkyl (meth)acrylates, preferably of
Ci-C1p alkyl (meth)acrylates, in particular of C;-C4
alkyl (meth)acrylate polymers, which can optionally also



3[mm]0.06 kt.0,70] = dmod moulding [mm]ulding [mm] 1620 2011/1.60925- 11 -PCT/EP2011/059002
where: CTI absorber :denotes the concentration of the UV absorber compound according to formula (1)
in the moulding compound or the casting monomer mixture or the component or layer of the solar cell,
which contains e édhpaiénts ) and b) dmouldg; deBotes the thickmessmfibe madding 20 The
factor in the numerator of the above equation therefore always refers to a 3 mm thick component (thick
layer or plate). Taking into ascount thenteabihicknessiindherdenaminator otthe abave gquations
ensures that for, %og%%gj}e s with different thicknesses, 15 regardless of the real thickness, the _
appropriate action of the UV absorber is ensured. The components a) and b) can be used together in a
composition, e.g. as a mixture in a moulding compound 20 or in a casting monomer mixture, for
production of a component, e.g. a moulding, of the solar cell module. However, it is also possible for

each to bedised.geparately far the p(ﬁgt&gipgcquﬂiggs ir@% :r?(gl%lerenenés 01:j a gglarlggl‘lcgwodule

J &
provided at least one element comprising both components a at the aforementione

concentration, IS PrESEREI tHeSsolar cBHIY - TheBbRNaIkyl(nTReraR AHateaR be us€& Bldhe or 30
mixedwithseveratdifferent {RokY ) alky(methjatrdateg 1 Moseover,gdhe pelyalkyl(meth)actylate can also
he in the form of aysppolymen Within the scopesof the present javention, homg; apd 35 copolymers of
C1-C18 alkyl(meth)acrylates, preferably of C1-C10 alkyl(meth)acrylates, in particular of C1-C4

alkyl(meth)acrylate polymers, which can optionally also
10 The wuse of copolymers, which contain 70 wt.% to
99 wt.%, in particular 70 wt.% to 90 wt.%, of C;-Cig
alkyl methacrylates, has proved quite especially

useful. Preferred C;-Ciy alkyl methacrylates comprise

methyl methacrylate, ethyl methacrylate, propyl
15 methacrylate, isopropyl methacrylate, n-butyl
methacrylate, isobutyl methacrylate, tert.-butyl
methacrylate, pentyl methacrylate, hexyl methacrylate,
heptyl methacrylate, octyl methacrylate, isooctyl
methacrylate and ethylhexyl methacrylate, nonyl
20 methacrylate, decyl methacrylate and cycloalkyl
methacrylates, for example cyclohexyl methacrylate,

isobornyl methacrylate or ethylcyclohexyl methacrylate.

Quite especially preferred copolymers comprise 80 wt.$%

25 to 99 wt.% of methyl methacrylate (MMA) units and
1 wt.% to 20 wt.%, preferably 1 wt.% to 5 wt.%, of C;-
Ci0 alkyl acrylate units, in particular methyl acrylate,
ethyl acrylate and/or butyl acrylate units. The use of
the polymethyl methacrylate PLEXIGLAS® 7N that is

30 available from the company R&hm GmbH has proved quite
especially useful in this connection.

The polyalkyl (meth)acrylate can be produced by methods
of polymerization that are known per se, with methods
35 of radical polymerization, in particular bulk,
solution, suspension and emulsion polymerization
methods being especially preferred. Initiators that are

especially suitable for these purposes comprise in



WO 2011/160925- 12 -PCT/EP2011/059002 contain various monomer units thereof, are especially
preferred. 5 The notation (meth)acrylate used here denotes both methacrylate, e.g. methyl
methacrylate, ethyl methacrylate etc., and acrvlate, e.g. methyl acrylate, ethyl acrylate etc., and
mixtures of botwendhohietss510 Ihe use of copolymets, which contapc7(Q w96 1 99 g §6,2n particular
70 wt.% to 90 wt.%, of CI-Cio alkyl methacrylates, has proved quite especially useful. Preferred C-C10

alkyl methacrylates comprise methylmethacrylatg cethykmethacgylatg, propyds 5 20—
methacrylate,lsggqusyls et@gggﬁ[{atg&%ty rjpethacrylate, iIsobutyl methacrylate, tert.-butyl
yI'm A&Crytate, hexylm

L
methacrylate, pentyl Methacry etivdcrylate, héptyl methactylate, DEfPiietitachylate,

isooctyl methaciyiaRandetlirsgimethacflate hoAgr20avetheeylaté odecyimethaeryldte and
Cthkl)aIk)I/l meﬂ}@@hyiaitﬁa,tlzf%ﬁx@mp@éy@id‘uﬁxylaff?@l&l@frwﬁt%’hiS@QQH}yiH@éh%nyléEﬁﬂrum
ethylcyclohexyl m te. Quite especially preferred copolymers comprise 80 wt.% 25 to 99 wt.%
of rﬁetﬁyl r%it%éiclr%tl%%g %}I%/I%) unl';t%l %n?j 1%%%)%8 ]ZgnWt.%,ppS)r%?elr%%ly 1 Wt.% to B Wt 6f CiClo alkyl
acrylate units, iR PafittiParhethy|Acryhite femglasry B araiecsutyl sefylate unigsiaie Lse of the
polymethyl methacrylate P+ EXIG1 4G N that i7301available fropn the corapamy-Rbkm/GmBH has

proved quite espegiglly el ndBisscppnection. ; g polyalkylpethacryate ean e produced by

methods of polymerization that are known per se, with methods 35 ofra po ymerlzaﬁgrﬁ,in
particular bulk, £BG¥6n S8§Fefsion And SHRBISRA polyRERZ2RIGFethddlbeing espREigRFpreferred.
Initiators tHat aretéspeciallyysuitablelfeytheseélpurposescéompris@’ig) .  Examples  of

particularazocogypounds sxehgs2,2'- azphisfispbutyronjftle) of 2.2"-azohis@ 4- dimethylvaleronitrile),

redox systems, for,example the combination ftertiar¥ amines withagfgesromdes or sodium disulphite and

I

potassium, soditii 6F AMtAGhiumPersulpiateS8rF Srcterably PePdXidas (see F6rdxanmple v
Rauch-Puntiga@e ThcOikee, "Adrgliccand metRacrytie ceompounds’a Springér, dyeidelbergy 1967 or

Kirk-Othmer, Epeyelopadia at- Ghemical Technalegys Mal- 1, paees 10 386ff,JWiey.New - _

YOHQ197§§EX%gy§?%g;t.-butylperoxy)—butane. The polymerization can

also preferably be carried out with a mixture of

various polymerization initiators with different half-

lives, for example dilauroyl peroxide and 2,2~

bis(tert.-butylperoxy)-butane, in order to maintain a

20 constant radical flux during polymerization and at

different polymerization temperatures. The amounts of

polymerization initiator used are generally from

0.01 wt.% to 2 wt.% relative to the monomer mixture.

25 Polymerization can be carried out as a continuous
process or as a batch process. After polymerization,
the polymer is obtained by conventional isolation and
separation steps, e.g. filtration, coagulation and
spray dryving.

30
The chains lengths of the polymerizates or
copolymerizates can be adjusted by polymerization of
the monomer or monomer mixture in the presence of
molecular-weight regulators, such as in particular the

35 mercaptans that are known for this, for example n-
butylmercaptan, n-dodecylmercaptan, 2-mercaptoethanol
or 2-ethylhexylthioglycolate, pentaerythritol
tetrathioglycolate; the molecular-weight regulators



particularlysuitableperoxidepolymerization initiatorsaredilauroylperoxide,tert.-butyl peroctoate,
tert.-butyl perisononanoate, dicyclohexyl peroxydicarbonate,dibenzoylperoxideand2,2- 15
bis(tert.-butylperoxy)-butane. The polymerization can also preferably be carried out with a mixture of
various polymefrizatioflihitiatdrs ith different half-lvelsi for example slilagmoybperoxivesemo2,2-
bis(tert.-butylperoxy)-butane, in order to maintain a 20 constant radical flux during polymerization and

at different polygetization femperatdresu $hg ameuints pfpalymerizatian injtigtor ysed are-generally
from 0.01 wt.% fo 2 wt.% relative ;[f%thgom(%nomtrar{omig%uerg. 25 P mergizgtion can be garried outas a
continuous process or as aebatcﬁ process. ,&lf?er po?ymerlza?ion, the po?yn%nrelg o%ltla%{ne%rt%/’
conventional is®1afiditaAd Sepaidtion?stepsi tesg. flitration, ledagtifation drftl spray@ring 2301
Thechainslengthsefthepolymerizatesascapolymerizatesieambe adjusted by polymerigationof the
monomer of mopqmerynixpite Jg IR presenes of Moleaularyyeighl isqulatars, sush.as in particular the
35 mercaptans that are known for this, for example nbutylmercaptan, n-dodecyimercaptan,”
2-mercaptoetharof oFZFIR R thiOgRcBIRE a8y tiitol (SR atRfglyColiEY theIn@Bcular-weight
regulators generatibeinglised inamauntsifrom 0.95wt4to 5 wH keddtivertg the m@agmer or the

monomer mixtugg, preferakly-in amaunls fram Q:1 % 10.2 v % and espegially preferablyin amounts

from 0.2 wt.% to 1 wt.%, relative tq the. monomer or monomer mixture (cf. for example H.
Rauch-Puntigar’ ThOV8kar, S Actylid Bt méthacryiftlcompdliids”, SBRAGer, BeidelF&gr 9067:
Houben-Weyl, Metieden déeodahisehen Chémie [Methbdslof Ordarte chefmistyy]] Vo X141, page

66, Georg 10 Thiemey HgidelbergL96L onKirk-Qramer, Encyglopediagt Shemjcal (feghnplogy, Vol. 1,
pages 296ff, J. Wiley, New York, 197 ecially_preferably, ndodecylmercaptan is used as
molecular-weight rvégula%[\érl ’withinﬁ%fgz)gbpe of%g%?é?gljﬁnvent?c))én? lﬁ'ﬁ‘?gﬁr%‘re at Idast one
Compoundacaﬁg@@qbk@@mgangm)@s used as molecular-weight regulator.

15 Within the scope of the present invention, furthermore

at least one compound according to formula (I)

o 0
NH HN )
R OR

in which the residues R' and R’ represent independently
an alkyl or cycloalkyl residue with 1 to 20 carbon
atoms, especially preferably with 1 to 8 carbon atoms,
20 is used for production of the solar cell modules. The
aliphatic residues are preferably linear or branched

and can have substituents, for example halogen atoms.

The preferred alkyl groups include the methyl, ethyl,
25 propyl, isopropyl, 1l-butyl, 2-butyl, 2-methylpropyl,
tert.-butyl, pentyl, 2-methylbutyl, 1,l-dimethylpropyl,
hexyl, heptyl, octyl, 1,1,3,3-tetramethylbutyl, nonyl,
l-decyl, 2-decyl, undecyl, dodecyl, pentadecyl and the
elicosyl group.
30
The preferred cycloalkyl groups include the
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and the cyclooctyl group, which are
optionally substituted with branched or unbranched

35 alkyl groups.



NH FIN in which the residues R.1 and 17(." represent independently an alkyl or cycloalkyl residue with
1 to 20 carbon atoms, especially preferably with 1 to 8 carbon atoms, 20 is used for production of the
solar cell modules. The aliphatic residues are preferably linear or branched and can have substituents,
for example halegen @tams sTlse preferred alkyl groups include the methyk ethyl 1 2% propyh isopropyl,
1-butyl, 2-butyl, 2-methylpropyl., tert(-butyl, pentyl, 2-methylbutyl, 1,1-dimethylpropyl, hexyl, heptyl,
octyl, 1,1,3,3-tetramethylbutyl, nonyl, 1-decyl, 2-decyl, undecyl, dodecyl, pentadecyl and the eicosyl
group. 30 Thep eferredc loalkylgrou cludethe cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl andﬁt%% cycﬁ)c():ag/l ¥ogufge$v%b%ﬁ/a%8pff§ﬁ‘§? \fg%s t%:tédeWﬁH]U?ar{ d or unbranched 35
alkyl groups. C2H5H5C20 is used. S This cofd oun available commercially from Clariant under
the trade name Sanduvor VSU and from Clba nder the trade name Tinuvin 312. Within the

scope of the present invention it ma 4 a dition to use additives that are well
'o, dants, flame retardants, éﬁ itional UV

known by a person skilled in the art.

stabilizers, preferably HALS stabilizers, figw improvers, metal additives for screening against
electromagnetic radiation, antistatic agent§;>fould-réle@se agents, dyes, pigments, adhesion
promoters, antiweathering agents, plasticizers, fillers and the like are preferred. 20 Within the scope of
an especially pr“e?eﬁlé;df@mbodlment of the present invention, at least one sterically hindered amine is
used, giving a further improvement in resistance to weathering. Yellowing or degradation of materials

exposed tcgextaﬁq@lsc:oggg;l Bster a;lon i d. Ci referred sterically
hindered amlneS| clude d?nethylsucgcm%tt%eé i%ﬁ%qr:fog{%ﬁg?%%qﬁx f?zﬂr? 8%9 S

tetramethylpipetasiié pSiyEoridetsated FBF/[( %‘@Dfso\{ arﬁ@%y%ﬂ?f)a%ﬁé 1&5-fazine-2,4-
diy14(2.2,6,6-tetratmethyha- pinedeybinmiec %‘ilébaametnyléﬂlé (2,2,6,6-tetramethyl-4-
piperidyflimino)],N,N'-bis(3-

Within the scope of the present invention it may
10 optionally be useful in addition to use additives that
are well known by a person skilled in the art. External
lubricants, antioxidants, flame retardants, additional
UV  stabilizers, preferably HALS stabilizers, flow
improvers, metal additives for screening against
15 electromagnetic radiation, antistatic agents, mould-
release agents, dyes, pigments, adhesion promoters,
antiweathering agents, plasticizers, fillers and the

like are preferred.

20 Wwithin the scope of an especially preferred embodiment
of the present invention, at least one sterically
hindered amine is used, giving a further improvement in
resistance to weathering. Yellowing or degradation of
materials exposed to external conditions for a long

25 time can be further reduced.

Especially preferred sterically hindered amines include
dimethylsuccinate-1- (2-hydroxyethyl)-4-hydroxy-2,2,6, 6-
tetramethylpiperazine polycondensate, poly[{6-(1,1,3,3-
30 tetramethylbutyl)amino-1,3,5-triazine-2,4-
diyl}{(2,2,6,6-tetramethyl-4-
piperidyl)imino}hexamethylene{ (2,2,6,6-tetramethyl-4—
piperidyl)imino} ], N,N'-bis(3-



aminopropyl)ethylenediamine-2,4-bis[N-butyl-N-
(1,2,2,6,6-pentamethyl-4-piperidyl)amino]-6-chloro-1,3,5-triazine
condensate,bis(2,2,6,6-tetramethy1-4- piperidyl)sebacate and 2-(3,5-di-t-4-hydroxybenzy1)-2-'5
n-butylmalonatébis@l)2,2/6,6 4sstamethy1-4-piperidyily. Furthermorecthermseoafisilape adhesion
promoters or organic titanium compounds has proved auite especially useful, giving fgrther _
improvement inaghesionde10) i@@fgfmis@l@@i@ﬂ@&é@it@l@@m%ﬁ%@@ﬂ@fomoterSInclllee vinyl
trichlorosilane,vinyl-tyis(P- methoxyethoxw)silane, vinyltriet ilane, 15 vinyltrimethoxysilane,
methacryloxypro%ltﬁrri’riéét g%?/sglgﬁyg%?é% y(—?po% %ﬁgﬁéx ?%fﬁﬁtlrf%ﬁéthéxé%lgﬁg,@i-
glycidoxypropylmethyidietickgsishe, RO iamafoethyl)- bis (2,2, 6, 6-tetramethyl-4-
7-aminopropyltimethoxysilanedit(aminoethyl)- - 20:aminoprepyimeliaidimetboxysilane; -
aminopropyltriethaxysiiane, agyinearopyltrimethoysiane, mercaptopranyjrimethonysiiane
chloropropyltrimethoxysilane. 25

Furthermore, the use of silane adhesion promoters or

organic titanium compounds has proved quite especially

useful, giving further improvement in adhesion to

10 inorganic materials.

Suitable silane adhesion promoters include
vinyltrichlorosilane, vinyl-tris (B-
methoxyethoxy)silane, vinyltriethoxysilane,
15 wvinyltrimethoxysilane, Y-
methacryloxypropyltrimethoxysilane, B-{(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, V-
glycidoxypropylmethyldiethoxysilane, N-p-(aminoethyl) -
Y-aminopropyltrimethoxysilane, N-{- (aminoethyl) -vy-
20 aminopropylmethyldimethoxysilane, Y-
aminopropyltriethoxysilane, N-phenyl-v-
aminopropyltrimethoxysilane, V-
mercaptopropyltrimethoxysilane and Y-

chloropropyltrimethoxysilane.

25
The relative proportions of the polyalkyl (meth)acrylate
and the compound according to formula (I) can in
principle be selected freely.

300 In a first preferred embodiment the components a) and
b) are present in a common moulding compound.
Especially preferred moulding compounds comprise, in
each case relative to their total weight, 90 wt.% to
99.999 wt.% of polyalkyl (meth)acrylate, where the

35 concentration of the compound according to formula (I)

is in the aforementioned range or preferred range.



and The relative proportions of the polyalkyl(meth)acrylate and the compound according to formula (1)
can in principle be selected freely. 30 In a first preferred embodiment the components a) and b) are
present in a common moulding compound. Especially preferred moulding compounds comprise, in
each case relative te @aéir ict@Pweight, 90 wt.% to 991999-wt.% of odtgatky@rneth)adrglae) where the
35 concentration of the compound according to formula () is in the aforementioned range or preferred
range. The compeungsmganheimnceroraied Lm@@@gwr?g& g}puid{ng?ccgggigw%g %g@ﬁ]&gﬂ@ thtartl _arhe
known from the |i for example ixing with t olymer prior to further processing at higher
temperature, bydég{(ﬁé%{rﬁ étioot%]}({:- § So y?nge% rTrT]1Ce £ gr gf gd(%f%ﬁ%lo %Ié%énus%ge%dé& %?%%%815& polymer
while it is beingfEcEEERAP T Re¥af iaptimany alsohateRalk e pradettsn Rot [69s tearabsorption
to the starting of thecpelymes, aad theygloeapaeitypeven inrthe prgsenegiition to the

5 polymer melt or Dby addition to the suspended or
dissolved polymer while it is being processed. They can
optionally also already be added to the starting
materials for production of the polymer, and they do
not lose their absorption capacity even in the presence

10 of other usual light and heat stabilizers, oxidizing

and reducing agents and the like.

A moulding compound that is especially preferred for
the purposes of the present invention has a softening
15 temperature of not less than 80°C (Vicat softening
temperature VST (ISO 306-B50)). It is therefore
particularly suitable as a reinforcing agent for solar
cell modules, as it does not begin to creep, even if
the module is exposed to high temperatures during use.
20
In a second preferred embodiment, the monomers
polymerizable to components a) and the UV absorber b)
are optionally mixed with other aforementioned
components to a polymerizable monomer mixture (casting
25 monomer mixture). Casting monomer mixtures comprise,
within the scope of the present invention, both
mixtures of monomers and mixtures of monomers, polymers
and oligomers, so-called syrup or resin mixtures. Solar
cell elements can be produced from the casting monomer
30 mixtures by known methods, preferably chamber

polymerization and continuous casting polymerization.

Especially advantageous solar cell elements are those
produced from moulding compounds and/or casting monomer
35 mixtures that possess relatively high total
transparency and in this way, especially when used as
reinforcing agent in solar cell modules, especially in

multijunction solar cells, prevent a drop in



10 of other usual light and heat stabilizers, oxidizing and reducing agents and the like. A moulding
compound that is especially preferred for the purposes of the present invention has a softening 15
temperature of not less than 80C (Vicat softening temperature VST (ISO 306-350)). It is therefore
particularly suitalfle a8lal reitfoecing agent for solar-célBmedules, as kdpesrnt beginste ¢oeep, even if
the module is exposed to high temperatures during use. 20 In a second: preferred embodiment,the

monomers polyperizableecomnponents abaad thesh TV abseeher b argiopiionally suixedyith other
aforementionedo%otni%%rlentslg)s% polg@neri% ble monomer rg'ixrtlure (castintq 25 monomer mixture).
Casting monomer mixtures comprise, within he scope of the pt%ser?tglﬁ\rllen‘tion, Both mi%t]a?es of
monomers and WRXEHEE S RMoAGHER, Folgfers hdBligbmersess-caliearsyRplormm@sirtimxtures-

Solar cell elements gan bexpiedacechfromithesastieg monemear 30-miduresby KogwnR the
methods, peeferahly ch p?’é{ﬂbeéiz%@%}na”%%o ipuQys Clag‘%
(0]

[ gggl merization. Especially
advantageous solar cell elements are those produced from mou d?ng co%ﬁpoiugr%tds)oanﬁa/o%%aesting

monomer 35 mixtUr8< that FGEsERE TEMAVely High tofaF fARSFEEHCy Ml in thRaFdy, esPB&ally when
used as reinforcing agemtinssotarcellmyodules, Iespedially th mpdtjunciionsolatcaels, ptevent a drop in

performance of the selansglh which coyldhe caysed by optical loss of the reinforcing agent. Over the
wavelength range from 400 nm to less than 500 nm the total transparency is preferably at least 90%.

Over the 5 wavelength range from 500 mm to less than 1000 mm the total transparency is preferably
at least 80% (mMéasaentent usingakie kambdal@®spattrophotometerdtomrthe campanyferkin Elmer).

10 Moreover, selangelt-elements-frommauiding gampaunds andior gastingRoRemerixtures are
also advantageg%sé Ehahhave a Iealkea%ﬁ resistance of 1 - 500 k%x ];mz. Thﬁre IS optimum avoidance of
ol

a drop in performance ofaﬂﬁ% sgla_tr ce Cﬁ%et_o Shoreiretis 15 r Cell 8 e?ne ts f?émcFHoulding
compounds and/Bf&ESstihg nidHoERmxtigredanatcoptair thérstatetirconstitfientsare suitable in
particular as reinfoscing Bgent tr sotarcetlaneddes, inipasticar in the case

15
Solar cell elements from moulding compounds and/or
casting monomer mixtures that contain the stated
constituents are suitable in particular as reinforcing
agent for solar cell modules, in particular in the case

20 of multijunction solar cells. Furthermore, they are
preferably used for the production of so-called light
conicentrators. These are components that concentrate
light extremely efficiently on an area that is as small
as possible, and thus achieve a high intensity of

25 irradiation. It 1s not necessary, in this case, to

produce an image of the light source.

Light concentrators that are especially advantageous
for the purposes of the present invention are
30 converging lenses, which collect parallel incident
light and concentrate it on the focal plane. In
particular, incident light parallel to the optical axis

igs brought to the focus.

35 Converging lenses can be biconvex (bulging outwards on
both sides), planoconvex (1 side flat, 1 side convex)
or concavoconvex (1 side curved inward, 1 side curved

outward, the convex side preferably more curved than



20 of multijunction solar cells. Furthermore, they are preferably used for the production of so-called
light concentrators. These are components that concentrate light extremely efficiently on an area that
is as small as possible, and thus achieve a high intensity of 25 irradiation. It is not necessary, in this

case, to producecartinidgel efothedight source. Light comicentrators that-areespecialtysalyantageous for
the purposes of the present invention are 30 converging lenses, which collect parallel incident light and

concentrate it oprthe foeahplare In partieylar, ineideptlight parallel Lo the. opticg axis is braught to the
focus. 35 Convgr i”&'fg‘f‘fs can be iconvﬂgﬁ (bulging %Atwards on both sides), planoconvex (1 side
flat, 1 side conve% or concavocdnvex Tt side cufved Thfafe 1 Sid8 curvE8& outWAeE e Bhvex side
preferably morecOIREd $ikana WOL 28F17160925-AGPER ERP2QLL059082¢hacbavavesideysespecially

preferred compgse-at leastenesiuisturgs save p@@ﬁ@dvg@tagg@usquegerg;%lg&s_gsﬁw@t are
according to th%jﬂ}/%nggn gnyex region, and planoconvex found to be quite especially Within the
scope of an especia f)l/ pr% erred embodiment of the present invention, the light concentrators have the
structure of a Fresnel lens. This is an optical 10 lens which, because of the design employed,
generally leadsita areduction is aveight @nd aolusie, adhiel is,espesiadly effectivefon large lenses with
short focal lengly: Thedlegiease:io volugu i,z Fresuel lang s achigued 1oy dividing f nto annular
regions. In each of these regions the thickness is reduced, s6 that the [ens has a series of annular
steps. As light i§%0fly TEFEAEHTR 1 suffader6the fens Sk -angidict reffactidh does heedepend on

the thickness, butoalywnithe anglec2ibetweén thedwdssitfaces=ofd lensdTherefose diellens retains
its focal length, plthgughthe picturesguality is impairgd;by-the stepped strycture, Within the_scope of a
first especially preferred ‘ :
especially effective for large lenses with short focal
length.
The decrease in volume with a Fresnel lens is achieved
15 Dby dividing it into annular regions. In each of these
regions the thickness is reduced, so that the lens has
a series of annular steps. As light is only refracted
on the surface of the lens, the angle of refraction
does not depend on the thickness, but only on the angle
20 between the two surfaces of a lens. Therefore the lens
retains its focal length, although the picture gquality
is impaired by the stepped structure.
Within the scope of a first especially preferred
embodiment of the present invention, lenses with
25 rotational symmetry and with a Fresnel structure
towards the optical axis are used. They focus the light

in one direction onto a point.

Within the scope of another especially preferred
30 embodiment of the present invention, linear lenses with
a Fresnel structure are used, which focus the light in

one plane.

Otherwise, the solar cell module can have a structure
35 that is known per se. It preferably comprises at least
one photovoltaic cell, which advantageously is inserted
and laminated between a plate and a rear wall, the

plate and the rear wall advantageously being secured in



embodiment of the present invention, lenses with 25 rotational symmetry and with a Fresnel structure
towards the optical axis are used. They focus the light in one direction onto a point. Within the scope of
another especially preferred 30 embodiment of the present invention, linear lenses with a Fresnel
structure are used, Mhich/fo6a$ 2te light in one plane2 Otherwise, thersalar gel modutsscarphave a
structure 35 that is known per se. It preferably comprises at least one photovoltaic cell, which

advantageouslysisdnsestegkangslaminated between a plaig and asgarwall, the plate, and the rear wall
advantageouslycgﬁiTg sg ured ir;][ WO 20 /160%2%— 20 -PCT/EP2011/059002 each_case with a

= Sit c& ARl MU I p&aHitafar tHpl&tathé rear wall

reinforcing agenton the p otovoltaic celf TheSo
and/or the reinféRsngragent iréferabiyl comprbe thessoriparainy userkatcording te tledsihvention, i.e.
polyalkyl(meth)aeryiate aad thercompeundaecarding tofermula @). - Withinythe scope gfianother quite
especially preferred embodiment of the present inyention, t olar cell 10 module comprises a) at
least one p oto;\h/%l\t%rc{%é ,Dl:S) at Ielais? one |'r% ?L gggéﬁhfrg%eri}%v ic rgo?natgi%s at Tlena%ét one%he
polyalkyl(meth)SERRAE A FEFAteasiricctrandatent diate; which contains at 35least one compound
according to formula (I), wherein the solar cell module has at least one component comprising a

RS s e oo UL R L
embodiment of the present invention, the solar cell
10 module comprises
a) at least one photovoltaic cell,
b) at least one light concentrator, which contains at
least one polyalkyl (meth)acrylate, and
c) at least one transparent plate, which contains at
15 least one compound according to formula (I),
wherein the solar cell module has at least one
component comprising a polyalkyl (meth)acrylate and the
concentration of the compound according to formula (I)
in this component / these components is in the range
20 defined below

0.1 [we%xmm] 0.6 [wr.% x mm)

to
dmoulding [m m ] dmnulding [ﬂ 1m ]

C

UV —absorber ~

An especially advantageous structure of a solar cell
25 module 1is described hereunder, referring from time to

time to the diagrams in Fig. 1 to Fig. 2B.

The solar cell module according to the invention
30 preferably comprises a photovoltaic cell 101, a plate
103, which covers the front of the photovoltaic cell
101, a first reinforcing agent 102 between the
photovoltaic cell 101 and the plate 103, a rear wall
105, which covers the back 104 of the photovoltaic cell
35 101 and a second reinforcing agent 104 between the
photovoltaic cell 101 and the rear wall 105.



An especially advantageous structure of a solar cell 25 module is described hereunder, referr_ing from
time to time to the diagrams in Fig. 1 to Fig. 23. The solar cell module according to the invention 30
preferably comprises a photovoltaic cell 101, a plate 103, which covers the front of the photovoltaic cell

101, a first reinfarcingpagerte@2Between the photovaltaic cell 101 apd@h@_pjmg 103sa ragy wall 105,
which covers the back 104 of the photovoltaic cell 35 101 and a second reinforcing agent 104 between

the photovoltaiogell 101 andthesearwall 103..YMO 2011/160925-21 -P%Q@@&%%SQOO;

Thephotovoltaiccellpreferablycomprisesa photoactive semiconductor layer on"a conductive substrate
as a first electro%lé 6P&5MerSion &ﬁf&hfgﬂg%%%paréﬁ%/@&nduﬁﬁie laSer ag%{“féﬁ&%eelectrpde,
which is formedsoH®p1Et it Intthisccohheetiors tee tondietive sulbsirate preferablyf cdniprises stainless

steel, by which thesstrength of adbesionof thetsinforeing,agent gpdhe sufstrate is 10 fuyrther

- ' ' r silver as a constituent, is preferabl
;?rﬂgéeght go”eefteoé Segrode, which contains coppgr, andlor siiver a p y

In this connection, the conductive substrate preferably
comprises stainless steel, by which the strength of
adhesion of the reinforcing agent on the substrate is

10 further improved.

A collector electrode, which contains copper and/or
silver as a constituent, is preferably formed on the
light-sensitive side of the photovoltaic cell and an

15 element containing polyvalkyl (meth)acrylate, which
preferably contains at least one compound according to
formula (I) at the aforementioned concentration, is
preferably Dbrought in contact with the collector
electrode.

20
The light-sensitive surface of the photovoltaic cell is
advantageously covered with an element that contains a
polyalkyl (meth)acrylate, which has at least one
compound according to formula (I) at the aforementioned

25 concentration, and then preferably a thin fluoride
polymer film 1s arranged thereon as the outermost
layer.

The first reinforcing agent 102 should protect the
30 photovoltaic cell 101 against external factors, by
covering any unevenness of the light-sensitive surface
of the cell 101. It also serves for bonding the plate
103 to the cell 101. Therefore it should have high
resistance to weathering, good adhesion and high heat
35 resgistance, in addition to high transparency.
Furthermore, it should have low water absorption and
should not release any acid. In order to satisfy these

requirements, preferably a polyalkyl (meth)acrylate is



light-sensitive side of the photovoltaic cell and an 15 element containing polyalkyl(meth)acrylate, which
preferably contains at least one compound according to formula (1) at the aforementioned
concentration, is preferably brought in contact with the collector electrode. 20 The light-sensitive
surface of the phiotdvoltaiclcetlds advantageously eovsred with an elegment that contansHa 2
polyalkyl(meth)acrylate, which has at least one compound according to formula (1) at the

aforementioned,2&gongentration rand thepdrafesably adthin flioride palymer E% s.aranged thereon

as the outermost layer. The fi{st reinforcing agent 102 should protect the 30 photovoltaic cell 101
% at least o g

1Ctors By Eoverirg any thieveriHBSL BF tHa gt SLRSitive stfAdiofthd Tell 101. It

against external fac
also serves for B6ndiRg thé praaanionke ceboenTherefore it should have high resistance to
weathering, good adhesion and high heat 35 resistance, in addition to high transparency. Furthermore,
it should have lowy wg%eégrbsotr tionr,Ll.arlld sr%%uld not r%le Se %rj%gcid.gn %rkger to satisfy these used as
the first reinforcing agent, whic prelfgr:%]ly contains at least one COPnpOUI‘]CF aceording to formula () at
the aforementiohe@toncehfi@fion ™ In okdet to MikhZedriAreductier bf the Aftount oflight reaching
the photovoltaiceelht@h the transgareney afithedirstseinforeingrageat; 02 inthe visible-wavelength

range from 400,a 19,800 1305 pLelerably aLleast BO, espegiplly prefesably gh leagt 9% in the

wavelength rangr% from 400 nm to less than 500 Tam (measurement using the Lambda 1

spectrophotom&Ef rehfheYcdiparfPBEkRP EIm&S Hasietmor@ efererably s d Rfattve index
of 1.1 - 2.00 advahtageoushhef vk v4al&ig facilitatedks idcidencedf light fram aie émeasyegment

according to ISQ@wB3YnThe secandreinfarcing agent 04 is used.for protecting the photoyaltaic cell

101 against external factogiégé 20 coverigg;f any unevenness on the back of the cell 101. Furthermore,
r

ndint LPial 105 16 The cen®L01 “PRERRSTe theeSéddhd rEiHfiEihg agent

it also serves forbonding
should, like the Firstrepiforeirry, ageht, bave kighlresistance te weathesing i geodiadhesiorod@nd high 25

heat resistance Itis therefare alse.prefergblatorysesepalyalkyl(methacrylate; ywhich preferably
contains filgleast ongcxi:eorrépoungr a(jtcor '@g %o formula (1), as the second reinforcing agent. Preferably
or

ed both for thd Tirst réinforcing agent andfor 30 the ¥ecohd reforcihg agent.

C
the same material is Use
However, sincelttdhsparency is optional, a filler, such as an organic oxide, can if required be added to
the second reinforcing agent, for further improving the resistance to weathering and the mechanical

properties, or a.35.pig g}l&ar}ggﬁd -ig r% rt9.co it, polycrystalline silicon cells, amorphous
silicon and microcrystagl]lﬁe silicon, suc %ls gore z%éeo Eseg% tﬁ% f%{r%églicxo%rcéﬁg?ﬁﬁﬁﬁelr%re,

copper-indium $&EniBE aha &ehiigdiductdricohtPouREs afe Alssespesially S@tbhss . by

20 covering any unevenness on the back of the cell 101.
Furthermore, it also serves for bonding the rear wall
105 to the cell 101. Therefore the second reinforcing
agent should, 1like the first reinforcing agent, have
high resistance to weathering, good adhesion and high
25 heat resistance. It is therefore also preferable to use
a polyalkyl (meth)acrylate, which preferably contains at
least one compound according to formula (I), as the
second reinforcing agent. Preferably the same material
is used both for the first reinforcing agent and for
30 the second reinforcing agent ., However, since
transparency is optional, a filler, such as an organic
oxide, can 1f required be added to the second
reinforcing agent, for further improving the resistance
to weathering and the mechanical properties, or a

35 pigment can be added in order to colour it.

Preferably, known cells are used as the photovoltaic

cell 101, in particular monocrystalline silicon cells,



A schematic block diagram of a preferred photovoltaic cell is shown in Figs. 2a and 2b. Fig. 2a is a
schematic sectional view of a photovoltaic cell, 10 whereas Fig. 2b is a schematic top view of a
photovoltaic cell. In these diagrams the number 201 denotes a conductive substrate, 202 a reflective
layer on the back) 208 alphdioactive semiconducter lager, 204 a transpayent2 canduptive ver, 205 a
collector 15 electrode, 206a and 206b connectors and 207 and 208 conductive, adhesive or

conductive pastgsi The gendudtivessulstrate 291 seryes not gﬂyr%g}gssulgsit&afg of the,phptovoltaic
cell, but also as the 20 secoggﬁlectrode, The material %Lthe conductive substrate 201 preferably
a

Sniim - tingater’ $nIESs &esl, AhRRiINtRT copper: fitdhium, a

comprises silicor?]%?arrﬁgm molykl)aenum, ungste
carbon film, a |atlEbatéd st plate, Ereskifilrhamdior eeraptiomdth-a vdnductive P8ridyees on it. On

the conductive substrate 20ic preferably-a metahiryensa metal-axidedayey or bathare provided as
reflective layer 202 E’%ﬁﬁ% pack. The metal layer 30 preferably comprises Ti, Cr, Mo, B, Al, Ag and/or
Ni, whereas the metal oxide layer preferably contains ZnO, TiO2 and Sn02. The metal layer and the
metal oxide layer are formed advantageously by chemical vapour deposition by heating or by electron

beam or by sputteringh @baThe-phetoactivel semiconduetorlayer 203:sesvestan earying gutthe

photoelectric conversion.Preferred matgrials;ip this connegfign are polycrystallipg WO, 2011/160925-
24 -PCT/EP2011/059002 silicon with pn junction, PIN junction types from amorphous silicon, PIN

junction types fion liGrotfy stafiffe Sifbhtand’ &iticorductdt cortpoERYS Likdetticuf BuinSe2,
CulnS2, GaAs, @uS/€ulS, €d8/CdTepR CdS/InP arxt-GdmetCu2Terdbe usea ef/PINsjanctign types

from amorphougsiicgpds especiallyprieferred. these diagrams the number 201
denotes a conductive substrate, 202 a reflective layer

on the back, 203 a photoactive semiconductor layer, 204

a transparent, conductive layer, 205 a collector

15 electrode, 206a and 206b connectors and 207 and 208

conductive, adhesive or conductive pastes.

The conductive substrate 201 serves not only as the

substrate of the photovoltaic cell, but also as the
20 second electrode. The material of the conductive

substrate 201 preferably comprises silicon, tantalum,

molybdenum, tungsten, stainless steel, aluminium,

copper, titanium, a carbon film, a lead-coated steel

plate, a resin film and/or ceramic with a conductive
25 layer on it.

On the conductive substrate 201, preferably a metal
layer, a metal oxide layer or both are provided as
reflective layer 202 on the back. The metal layer
30 preferably comprises Ti, Cr, Mo, B, Al, Ag and/or Ni,
whereas the metal oxide layer preferably contains 2zno,
Ti02 and SnO;. The metal layer and the metal oxide lavyer
are formed advantageously by chemical vapour deposition
by heating or by electron beam or by sputtering.
35
The photoactive semiconductor layer 203 serves for
carrying out the photoelectric conversion. Preferred

materials in this connection are polycrystalline



The photoactive semiconductor layer is preferably 10 produced by forming molten silicon into a film, or
by heat treatment of amorphous silicon in the case of polycrystalline silicon, by plasma chemical
vapour deposition using a silane gas as starting material in the case of amorphous silicon and
microcrystallinentd Silicdry aad byHon plating, ion beapydeposition, vacuym eyaporaien psputtering or
galvanizing in the case of a semiconductor compound. The transparent conductive layer 204 serves as

the 20 upper elegtrodesef the:solar gell. Itpraterably POWMi@eSjﬂ%Q%i%}PZ,@%%S”‘%%W) , Zn0,
1102, Cd25n04 or a cr%stalline semﬂ[conductor Ia)éeIerhich, IS dcg%ed with a high concentration of

impurities. It caf bé formed by reSistance-heating vapour depSSitdh: 25 sféithg, sprdyy, chemical
vapour deposititi F By ifiision bR npafitids: Moreover, Frthécaséwf the photowsitaicdtell on which
the transparent cengductivedayer204.was éormed, 1the 30 epndiictive substrate angsthedransparent,
conductivedaye tially be rt-circuited qwing to the unevenness of the surface of the

cond uctiveésubgjgaéa&/a}/%%ly a%%(i))r t %Pﬁér?% L#f%im%ﬁa% t%sr%or%%nt% orﬁw%%fé%lo??hetﬁ%?ogactive
semiconductor el IABSHRCEHseSthei Ra fafge euREARIBSY tiatas prapsttional to the output
voltage. That is, the leakage resistance (shunt resistance) is low. Therefore it is desirable to remove
short circuits and, after formation of the transparent conductive layer, submit the photovoltaic cell to a
treatment for removing defects. Such a treatment is described in detail in patent US 4,729,970. As a

result of this treAffient A2 SNt festarr@d e PHotR/oltait BéRTs adifiste@¥¢ 258D IKC) x cm2,
preferably fo 100r500k@ s cm2. Themwdliectorcdleetrodei(giidpoani he formed dinthe or by

heat treatment of amorphous silicon in the case of
polycrystalline silicon, by plasma chemical vapour
deposition using a silane gas as starting material in
the case of amorphous silicon and microcrystalline
15 silicon and by ion plating, ion beam deposition, vacuum
evaporation, sputtering or galvanizing in the case of a

semiconductor compound.

The transparent conductive layer 204 serves as the
20 upper electrode of the solar cell. It preferably
comprises Iny0s;, SnO;, In;03-Sn0,(ITO), ZnO, TiO,, CA,SnO.
or a crystalline semiconductor layer, which is doped
with a high concentration of impurities. It can be
formed by resistance-heating vapour deposition,
25 sputtering, spraying, chemical vapour deposition or by

diffusion of impurities.

Moreover, in the case of the photovoltaic cell on which
the transparent conductive layer 204 was formed, the
30 conductive substrate and the transparent, conductive
layer may partially be short-circuited owing to the
unevenness of the surface of the conductive substrate
201 and/or the non-uniformity at the moment of
formation of the photoactive semiconductor layer. In
35 this case there 1is a large current loss that 1is
proportional to the output voltage. That is, the
leakage resistance (shunt resistance) is low. Therefore

it 1s desirable to remove short circuits and, after



transparent conductive layer 204. Preferably it has the 10 form of a grid, a comb, a line or similar, for
efficiently collecting the electric current. Preferred examples of the material forming the collector
electrode 205 are Ti, Cr, Mo, W, Al, Ag, Ni, Cu, Sn or a conductive paste, which is called silver paste.
15 The collectoweleztrote 205498 preferably formed hyssputtering usimgrey mesk by resistance heating,
by chemical vapour deposition, by a method comprising the steps in which a metal film is formed over

the whole 20 layer-hy vapeur deposition angiihs pastsof thefimunatseauired.gre remeyed by etching,

by a method in.t\_ﬂleiach akgrig ele(itrode pattern.is formed by photochemical vapour deposition, by a

RWHICH a riegative Masiof theGHA S8 Electdbie iS fOtMELThd the

method comprising th& s?ep%vin
pattern surfaced€pRiéd by aufibthad it whichngrcondietivéqsaste Issgtinted, ea aicthodin which

metal wires aregsolderedwnta a-printedy conductive paste: 4hg copductivepaste used ispreferably a
polymer binder,_in which silver, gold, 30 copper, nickel, carbon ar similar_is dispersed in the form of a
fine powdegr. Th’sélﬂﬁgi&mgreﬁﬁaet%ﬁlrce?erg;ﬁloy El%ﬁjdgcg%gﬁl\égﬁeﬁéﬁns?% foxy Tess) &eryfictresins,
alkyd resins, pokiyl acefdte Fesitis Glibbers ietiankrtesimsldhdforpienclicresing - 35 Finally,
preferably tapping terminals 206 are fastened on the conductive substrate 201 or on the collector

electrode 205, tpr Lappingi(he elgotramolive Jyge- The: appind feripinals 200 are gstened.on the
' al body,

conductive substrate preferably by fastening a met e.g. a copper ﬁjg, on the con Uctive
substrate by spbt ¥efthAg 6F SoldeRAg hhdrRas FStENiAY bf tie BpphRPlEYminales thehwllector
electrodeli§ preferably effected bycodnecting asnétal bady electricadly to giencallector efectrode with a

conductive pasierarwi o solder 202 anck206. 10 The pholavaltaig cels ere Gonnected ither in

series or in parallel, dﬁsendin%ﬁon the required voltage or current. Furthermore, the voltage or current
can be controlléd By insetting te photévoltdie tefid fito arf MRy stifrateC 25 TRE pRite 103 in
Fig. 1 should peSsessrraldmuip pessivl@ resiStancelto weathating Zaptimuim dittzrepstent action and

the highest possibie.mechanical stsanath, as itds, theoutermagt layerof.thg solar cell module.

15
The collector electrode 205 is preferably formed by
sputtering using a mask, Dby resistance heating, by
chemical vapour deposition, by a method comprising the
steps in which a metal film is formed over the whole

20 layer by vapour deposition and the parts of the film
not reqguired are removed by etching, by a method in
which a grid electrode pattern is formed by
photochemical vapour deposition, by a method comprising
the steps in which a negative mask of the grid

25 electrode is formed and the pattern surface is plated,
by a method in which a conductive paste is printed, by
a method in which metal wires are soldered onto a
printed conductive paste. The conductive paste used is
preferably a polymer binder, in which silver, gold,

30 copper, mnickel, carbon or similar is dispersed in the
form of a fine powder. The polymer binder preferably
includes polyester resinsg, ethoxy resins, acrylic
resins, alkyd resins, polyvinyl acetate resins,
rubbers, urethane resins and/or phenolic resins.

35
Finally, preferably tapping terminals 206 are fastened
on the conductive substrate 201 or on the collector

electrode 205, for tapping the electromotive force. The



20 Furthermore, it must ensure long-term reliability of the solar cell module in outdoor use. Plates that
are suitable for use for the purposes of the present invention include (reinforced) glass films and
fluoride films. The glass film used is preferably a Im with high transparency. Suitable fluoride
filmscompriseinyuarticdlaretibylene tetrafluoride-ethylgpe copolymer@EchHErpalyvinylflagride resin
(PVF), polyvinylidene fluoride resin (PVDF),tetrafluoroethylene resin(TFE),ethylene 30

tetrafluoride-propyigne-bexafiuaride;apolymer (FEP) and:chipratrifiuorasthylens (CTEF). o

Polyvinylidene fslgu%ri eresinis es eciajé;i suiEg\Zle with respect to resistance tqo weathering, whereas

ethylene tetraflucﬁlose-é:t%g’/%ngggp(ﬁ§% rises Cigﬁ)? %%%%n%g@&?&vitﬁ?éaébec?tﬁhe €ombination
of resistance toSPERRErAF End PechaRicaPsifergth Vo impovesthesiondretwere thigifiupride

polymer film and+he retnfarsing.agent, ifris desikablertos the film,to WO 20@&@?%%%;%1@; f
-PCT/EP2Q11/ 2.undergo a corona treatment or a plasma treatment. Furthermore, the use o
stretched fi ms?tg%%s% %?Z%(rea,nfor%L%r?her(:l?napr;ﬂrg&etrﬁgnt in r%fe:c ré)r%ceal sjt(séngﬂwr.%g\%fftﬁ?ﬁ He scope of
an especially preféifsd 8mMbBdintemIst ¢ié Prestntiivehtiéredbie plie coimpribey at feastohe
nolyalkyl(meth)aerylate and psefetably draddition at leastione compgupd aceerding:te fermula (1) at
the 10 aforemeqtigned cengentration Ehe plate is,furthermore,preferably a light

10 The photovoltaic cells are connected either in series
or in parallel, depending on the required voltage or
current. Furthermore, the voltage or current can be
controlled by inserting the photovoltaic cells into an
insulating substrate.

15
The plate 103 in Fig. 1 should possess maximum possible
resistance to weathering, optimum dirt-repellent action
and the highest possible mechanical strength, as it is
the outermost laver of the solar cell module.

20  Furthermore, it must ensure long-term reliability of
the solar cell module in outdoor use. Plates that are
suitable for wuse for the purposes of the present
invention include (reinforced) glass films and fluoride
polymer films. The glass film used is preferably a

25 glass film with high transparency. Suitable fluoride

polymer films comprise in particular ethylene
tetrafluoride-ethylene copolymer (ETFE) , polyvinyl
fluoride resin (PVF), polyvinylidene fluoride resin
(PVDF) , tetrafluoroethylene resin (TFE) , ethylene
30 tetrafluoride-propylene hexafluoride copolymer (FEP)
and chlorotrifluorocethylene (CTFE) . Polyvinylidene
fluoride resin is especially suitable with respect to
resistance to weathering, whereas ethylene
tetrafluoride-ethylene copolymer is especially

35 advantageous with respect to the combination of
resistance to weathering and mechanical strength. To
improve adhesion between the fluoride polymer film and

the reinforcing agent, it is desirable for the film to



concentrator, which concentrates light very efficiently on the photovoltaic cell, thus achieving a high 15
intensity of irradiation. Converging lenses, which collect parallel incident light and focus it in the focal
plane, are especially preferred. In particular, incident light parallel to the optical axis is focused at the
focal point. "20 Wonveéiding Er&seS can be biconvex, planeconvex ormoncavecpnvessidowever,
planoconvex structures are especially preferred. Furthermore, the plate preferably has the structure of

a Fresnel lens. gpddesear wall- Qe serves frelgetrcal i5§ulagon£pp£\g%%n t@@_@%ggg{@_ic cell 101

and the surroundings and for improving resistance to weatheri nd acts as a reinforcing material. It
is preferably forrkr%le%?}gﬁlmg Fn%teriaﬁh%t e%%ﬁres%%eqﬁgt@equ%%ﬁ ally'instigting5.0 pfdpetties, has
excellent long-tBfff EaFalsity, cahWithstand thermal exparsiemand thefmal cortrhetionsand is
flexible. Materials that@re especially suitable for these purposes include nylon films, polyethylene
terephthalate (PET) films and polyvinyl fluoride films. 35 If moisture resistance is required, it is
preferable to use aluminium-laminated polyvinyl fluoride films, aluminium-coated PET films, silicon
oxide-coated PET ih8. FittheFRoRS iR firetesiskaneé ot the mpdfiferred embodiment

of the present invention, the plate comprises at least
one polyalkyl (meth)acrylate and preferably in addition
at least one compound according to formula (I) at the

10 aforementioned concentration.

The plate is, furthermore, preferably a light
concentrator, which concentrates light very efficiently
on the photovoltaic «cell, thus achieving a high

15 intensity of irradiation. Converging lenses, which
collect parallel incident 1light and focus it in the
focal plane, are especially preferred. In particular,
incident light parallel to the optical axis is focused
at the focal point.

20
Converging 1lenses can be Dbiconvex, planoconvex or
concavoconvex. However, plancconvex sStructures are
especially preferred. Furthermore, the plate preferably
has the structure of a Fresnel lens.

25 The rear wall 105 serves for electrical insulation
between the photovoltaic cell 101 and the surroundings
and for improving resistance to weathering and acts as
a reinforcing material. It is preferably formed from a
material that ensures adequate electrically insulating

30 properties, has excellent long-term durability, can
withstand thermal expansion and thermal contraction,
and is flexible. Materials that are especially suitable
for these purposes include nylon films, polyethylene
terephthalate (PET) films and polyvinyl fluoride films.

35 If moisture resistance is reqguired, it is preferable to
use aluminium-laminated polyvinyl fluoride films,
aluminium-coated PET films, silicon oxide-coated PET

films. Furthermore, the fire resistance of the module



WO 2011/160925- 28 -PCT/FP2011/059002 can be improved by using film-laminated, galvanized iron
foil or stainless steel foil as the rear wall. Within the scope of an especially preferred embodiment of
the present invention, the rear wall comprises at least one polyalkyl(meth)acrylate, which in addition
preferably contaifis 20 Ieast 668 £ompound according2t® fermula (1). PO/ SIIporting platcan be
fastened on the outside surface of the rear wall, for further improving the mechanical strength of the

solar cell moduteser tojprevenpulging ang saggingof theirgan wallasaresulief teaperature
changes. Espe i@l preferred 15 rear. walls are sheets of stainless steel plastic sheets and sheets of
FRP (fibre-rein orc%clj [ﬁéét?c)%éurgtﬁgrﬁ(?r%,sg b%%ﬁler% rﬁgtleﬁafgaﬁﬁg fggt%ﬁeg%; he back plate. 20 A
solar cell module of this kind can be produced in a manner that is known per se. However, a procedure

that is described hendundehis espesially advantagesusi Eor coveringdhe photovphae eeth with the
reinforcing=25 a(ggnttgggfeéﬁg a-nethod is used.in which t@gé@infggﬁiﬁg a%%qélrs melted_thermally
i t ally

. : : 15es a .
and is extruded_through a slot, to form_a film, which is then fastened therm n tﬁe cell. The film of

reinforcing agentig Prefe?ahly RSrEd bEtWERHHRLS S At e plats &hd 30 befiEEhtheRell and the
rear wall, and theredyredbTherntal fastesing cand bearreedeo ut asing kiibwicmethidsge. govacuum
lamination and kQlldamination, 35 The solar cell module according to the invention preferably has an
operating temperature of up to 80C or higher, and especially at high temperatures, the heat-resistant
effect of the materials according to the invention can be utilized effectively. The following examples
serve for hbre detailedBoexplaation-and bettenunberstandingofdhe preseriténvention;ibiat do not

restrict it in anydesizecte Exampies:10-thefollgying m@é@ing@wnqsﬂﬂ%@ﬁ&%ar%@@nd the

transmission spectrum of the mogldi@%s %roduged fﬁom the£n with a Hcknes(f f 3 mm was measured
mec a%f al strengt 6] the solar ce module or to

(for spectra see appendix): _
prevent bulging and sagging of the rear wall as a
result of temperature changes. Especially preferred

15 rear walls are sheets of stainless steel, plastic

sheets and sheets of FRP (fibre-reinforced plastic).
Furthermore, a building material can be fastened on the

back plate.

20 A solar cell module of this kind can be produced in a
manner that is known per se. However, a procedure that

is described hereunder is especially advantageous.

For covering the photovoltaic cell with the reinforcing
25 agent, preferably a method 1is wused in which the
reinforcing agent is melted thermally and is extruded
through a slot, to form a film, which is then fastened
thermally on the cell. The film of reinforcing agent is
preferably inserted between the cell and the plate and

30 between the cell and the rear wall, and then cured.

Thermal fastening can Dbe carried out using known

methods, e.g. vacuum lamination and roll lamination.

35 The solar cell module according to the invention
preferably has an operating temperature of up to 80°C

or higher, and especially at high temperatures, the



15 Comparative example 1: PLEXIGLAS(r) 7H from the company Evonik(r) Rohm GmbH Comparative
example 2: PLEXIGLAS(r) 7H with 0.1 wt.% Tinuvin(r) P Example 1: 20 Example 2: Example 3:
Example 4: Example 5: Example 6: 250.04 wt.% (benzotriazole-based UV absorber) PLEXIGLAS(r)
7H with 0.04 wt®o Taiuvin(rp822 PLEXIGLAS(r) 7H wzith 6.06 wt.% Trauvir@) 812 PLEXIGLAS(r) 7TH
with 0.08 wt.% Tinuvin(r) 312 PLEXIGLAS(r) 7H with 0.1 wt.% Tinuvin(r) 312 PLEXIGLAS(r) 7H with
0.2 wt.% Tinuvin 49812 BLEXIGLASHR 7t with .04 wt. 4 Fiwvin(s) 312 Tinuving) 720 The
transmission spggg/[umtof the sarrln%lee 015 E:lef(i%la (Qf7flelc(fc](_)rrg1aratlve example 1).|n Fig. 4 shows that
a high proportion of the JLR?Iig']Chat passes rougﬁ € sample 36ahd thus also contributes to the
heating of the corresponding solar module. However, it is only at certain wavelengths that light is
converted to energy by £OIrESROAGING salamporversigieeells. This wavelenagth ra&gg@gg@”as a drule
in the near UV regj tartin m m) and ends - depending on the conversion cell used - in
the (near) IéRJ reggg%v%%ggé{%l/%%%%%%% QSéT/EngffIB%S%(}E ®n 8£m2§?ﬁg t%%?rsa%rslr%ission
spectra, it can bE'SEEHtHat in Bxdmpresiiclo 6 BsEerRigt6) & McRighErprspOFtion of UV light
passes through the corresponding plates, than in comparative example 2 (see Fig. 5). This is of
advantage if th%%%ﬁéign cell used is a multiple cell, the sensitivity of which can be seen from the
wavelength in Figs. 8 and 9.

10 The following moulding compounds were prepared and the
transmission spectrum of the mouldings produced from
them with a thickness of 3 mm was measured (for spectra

see appendix):

15 Comparative example 1: PLEXIGLAS® 7H from the company
Evonik® R6hm GmbH
Comparative example 2: PLEXIGLAS® 7H with 0.1 wt.$%

Tinuvin® P (benzotriazole-based UV absorber)

Example 1: PLEXIGLAS® 7H with 0.04 wt.% Tinuvin® 312

20 Example 2: PLEXIGLAS® 7H with 0.06 wt.$% Tinuvin® 312
Example 3: PLEXIGLAS® 7H with 0.08 wt.% Tinuvin® 312
Example 4: PLEXIGLAS® 7H with 0.1 wt.% Tinuvin® 312
Example 5: PLEXIGLAS® 7H with 0.2 wt.% Tinuvin ®312
Example 6: PLEXIGLAS® 7H with 0.04 wt.% Tinuvin® 312 and

25  0.04 wt.$ Tinuvin® 770

oe

The transmission spectrum of the sample of Plexiglass®
7TH (comparative example 1) in Fig. 4 shows that a high
proportion of the UV light passes through the sample
30 and thus also contributes to the heating of the
corresponding solar module. However, it is only at
certain wavelengths that light is converted to energy
by corresponding solar-conversion cells. This
wavelength range begins as a rule in the near UV region
35 (starting from 350 nm) and ends - depending on the

conversion cell used - in the (near) IR region.



Moreover, it can be shown that the transmission 10 spectrum is largely preserved after at least 2500h
of Suntest weathering, if the moulding compound with addition of TINUVIle 312 is additionally
stabilized with TINUVIN(r) 770 (a HALS stabilizer, bis(2,2,6,6-tetramethy1-4-piperidinyl)sebacate)(see

Fig. 7). The Suntestds aumedmebaf assessing the weathering resistapce pf:samplesdased on the
standard DIN EN ISO 4892-2. As a departure from the standard, the tests shown in the Fig. 7 were

carried out withgut a drizzle cygle. dhat isyfhe-samples.areisiadiated 20 with 3 copstant 6QW/m2. The
item "relative hutrplidity at 65 +/- 10%" of the standard is omitted. Patent claims: 1. Use of a)at least

one (poly)alkyl(meth)actiate SHEb)EF least &te compdGfid Acbrdify to ForMt(1) F6F T8 which the
residues R and RXiprésert irndepérdentyhan atkybescydhoatkydnesitiee with detertncairbon atoms,
for the productign ef-salar cell modules, ebaractarizegin thatthe solar celkhas akleast 1Q one
component.comprising .a polyalkyl(meth)acrvlat d that the concentration of the compound
according ':% for?lr%ﬂ]fa% (1) t(ﬁ%s %Cé(ﬁggnlge%n%%r fhge:gn%%mﬁgﬁgﬁtrssi% i th(ée?gr]igeuﬁgf?nea Peldow 15 0.1
hNt%)xnnnKIGWE%R%ﬁﬁﬁ cell, the sensitivity of which can be seen

from the wavelength in Figs. 8 and 9.

Moreover, it can be shown that the transmission

10 spectrum is largely preserved after at least 2500h of
Suntest weathering, if the moulding compound with
addition of TINUVIN® 312 is additionally stabilized with
TINUVIN® 770 (a HALS stabilizer,
bis(2,2,6,6-tetramethyl-4-piperidinyl)sebacate) (see

15 Fig. 7). The Suntest 1s a method of assessing the
weathering resistance of samples based on the standard
DIN EN ISO 4892-2. As a departure from the standard,
the tests shown in the Fig. 7 were carried out without
a drizzle cycle. That is, the samples are irradiated

20 with a constant 60W/m2. The item "relative humidity at
65 +/- 10%" of the standard is omitted.



CDT -ahvorber -=1to dmoulding [mindmin numidi,g 2. Use according to Claim 1, characterized in that
the components a) and b) optionally together with 20 further components are processed in a casting
process to solar modules or to components of solar modules or to a moulding compound that is then
used for the production of s6kae hsodules or components of solar modutegr25 31 Use=aggording to
Claim 1, characterized in that the moulding compound or the casting monomer mixture contains at
least one C1-C13 alkyimeth)agkylate homopolymer or copolymer. 30 4. Use according to Claim 1 to 3,
characterized ir’itha&gée rrPuIding compound or the casting monomer mixture contains at least one
copolymer, comprising 80 Wt.% to 99 wt.% of methyl methacrylate units and 1 wt.% to 20 wt.% of
Ci-Clo alkyl acryiatétlifits, Iirefetalsiyp enethgllacrilbie ardrer it aehddte wmitd. 5. Use according to at
least one of the prepeding ckaims, sharaeterized-n thata cempgurd aceerdingto fermula (1) is used, in
which the residues Ri and R2 represent indeBenden an alkyl or cycloalkyl residue with 1 to 8 carbon
atoms, preferably a methyl, ethyl, propyl, isoprepyl, Z-butyl, 2-butyl, 10 2-methylpropyl, tert.-butyl,
pentyl, 2-methylbutyl, 1,1-dimethyl fﬁ‘w hexyyheptyl, o 1,3,3- tetramethylbutyl, fényl, 1-decyl,
2-decyl, undecyl, dodecyl, pentadg n@ an-eldosyl gN)cIopropyI, cvclobutyl, cyclopentyl,
cyclohexvl, 15 cycloheptyl or a dycletctyl group, which ardfiéraRy substituted with branched or
unbranched alkyl groupg. 6‘/;71}1)5C accg(rr%ei)ng to éa% keg&t% gne %fzthe %%C‘adi{?ig 20claims, characterized in

that a compound according to formula is used. represent
independently an alkyl or cycloalkyl residue with

1 to 20 carbon atoms,
for the production of solar cell modules,
characterized in that the solar cell has at least
10 one component comprising a polyalkyl (meth)acrylate
and that the concentration of the compound according
to formula (I) in this component or these components

is in the range defined below

15 CUV—absorbe" = O; [Wt%xmm] 06 [Wt% X mm]

nun] d bnnﬂ

moulding [ moulding

2. Use according to Claim 1, characterized in that the
components a) and b) optionally together with
20 further components are processed 1in a casting
process to solar modules or to components of solar
modules or to a moulding compound that is then used
for the production of solar modules or components of

solar modules.

25
3. Use according to Claim 1, characterized in that the
moulding compound or the casting monomer mixture
contains at least one C;-C;g3 alkyl(meth)acrylate
homopolymer or copolymer.
30

4. Use according to Claim 1 to 3, characterized in that
the moulding compound or the casting monomer mixture
contains at least one copolymer, comprising 80 wt.$%

to 99 wt.% of methyl methacrylate units and 1 wt.$%



7. Use according to at least one of the preceding claims, characterized in that a compound according
to formula(l),preferablyformula(ll),whose concentrationinthepolyalkyl(meth)acrylate- containing
component(s) is in the range defined below 0.15k%xmm0.45 [wt.% x mm] 30 CUI" -absorber -to
dmourding km] dan@uldingl/atrappreferably in the range and especialtympreferably o theeormamge 0.15k0
dmoulding jjll -0 0.3 [wL% x mm[ d modding kin]

to 20 wt.% of C;-Ciy alkyl acrylate units, preferably
methyl acrylate and/or ethyl acrylate units.

5. Use according to at least one of the preceding

5 claims, characterized in that a compound according
to formula (I) is used, in which the residues R' and

R’ represent independently an alkyl or cycloalkyl
residue with 1 to 8 carbon atoms, preferably a
methyl, ethyl, propyl, isopropyl, 1-butyl, 2-butyl,

10 2-methylpropyl, tert.-butyl, pentyl, 2-methylbutyl,
1,1-dimethylpropyl, hexyl, heptyl, octyl, 1,1,3,3-
tetramethylbutyl, nonyl, 1l-decyl, 2-decyl, undecyl,
dodecyl, pentadecyl or an eicosyl group or a
cyclopropyl, cyclobutyl, cyclopentvyl, cyclohexyl,

15 cycloheptyl or a cyclooctyl group, which are
optionally substituted with branched or unbranched

alkyl groups.
6. Use according to at least one of the preceding

20 claims, characterized in that a compound according
to formula (II)

NH HN <:> (I1)

is used.

7. Use according to at least one of the preceding

25 claims, characterized in that a compound according to
formula (1), preferably formula (I1), whose
concentration in the polyalkyl (meth)acrylate-

containing component (s) is in the range defined below

_0.15 [wz.%xmm] ‘o 0.45 [wt.% X mm]

—absorber

30 Cyy

mm)

mm ] dmoulding [

dmoulding [

preferably in the range



10 8. Solar cell module, comprising mouldings, containing a)at least one polyalkyl(meth)acrylate and
b) at least one compound according to formula (1), in which the residues P1 and R2 represent
15independently an alkyl or cycloalkyl residue with 1 to 20 carbon atoms, characterized in that the
solar cell has atleastodrie/ carmposent a polyalkyl(meth}acrylate and that the gonaeniration of the
compound according to formula 20(l) in this component or these components is in the range defined
below 0.1 [wt.% x mmO0.6 [wt.% x men] to . dmouedhw [mm] J dnundding [mm]

_0.15 [w.% x mm] o 04 [wt.% x mm]

~absorber ~

o

“modding [mm] maovlding [mm]

and especially preferably in the range

Ut

c _0.15 [wl.%xmm] 0.3 [wr.% x mm)|

UV —absorber
dm(mlding [mm] dmoulding [n’lm]

10 8. Solar cell module, comprising mouldings, containing
a)at least one polyalkyl (meth)acrylate and

b) at least one compound according to formula (I),

0 0
NH BN
O G

OR?
in which the residues R' and R? represent
15 independently an alkyl or cycloalkyl residue with
1 to 20 carbon atoms,
characterized in that the solar cell has at least
one component a polyalkyl (meth)acrylate and that the
concentration of the compound according to formula
20 (I) in this component or these components is in the
range defined below

_(llbwﬂﬁxmnﬂ Ob[wa%uxmnﬂ

CUV—absorber -
dmoulding [mm] dmoulding [mm]
25
9. Solar cell module according to Claim 8,
characterized in that the moulding is a 1light
concentrator.
30 10. Solar cell module according to Claim g9,

characterized in that the moulding is a converging

lens.



9. SolarcellmoduleaccordingtoClaim8, characterized in that the moulding is a light concentrator. 30 10.
SolarcellmoduleaccordingtoClaim9, characterized in that the moulding is a converging lens. 11.
SolarcellmoduleaccordingtoClaim10, characterized in that the converging lens comprises a convex
region. Solar celb niiule’ aécdsrdingto Claim11, charadterized in thabtie/aryerging fensdas a
planoconvex structure. Solar cell module according to Claim characterized in that the converging lens
is a Fresnel lens. Solar cell module according to at least one of Claims 9 to 13, characterized in that it
further comprises a photovoltaic cell, solar cell module, comprising a) at least one photovoltaic cell, b)
at least onepcor?vie'rgﬁ)r% ngn%, thl:gﬁi l‘(1:0ntarlnr?sggt%ast Sne 85 véfk%l(mgﬁ'u)acr%a?é, nd atJeast one
transparent plate, whicFPEGHIAIRS o f¢hst Bnétan pound Geesrling wfokmufa @PmRBihsmsich the
residues R.and R2 represgitex region.

5

Solar cell module according to Claim 11,

JE
N

characterized in that the converging lens has a

planoconvex structure.

10 13. Solar cell module according to Claim 12,
characterized in that the converging lens is a

Fresnel lens.

'A
[IaN

Solar c¢ell module according to at least one of
15 Claims 9 to 13, characterized in that it further

comprises a photovoltaic cell.

15. Solar cell module, comprising
a) at least one photovoltaic cell,
20 b) at least one converging lens, which contains
at least one polyalkyl (meth)acrylate, and
c) at least one transparent plate, which
contains at least one compound according to
formula (I)

0] O
NH HN
KO »O)

OR?

25 in which the residues R' and R? represent
independently an alkyl or cycloalkyl residue with 1
to 20 carbon atoms,
characterized in that the solar cell module has at
least one component comprising a

30 polyalkyl (meth)acrylate and in that the
concentration of the compound according to formula
(I) in this component or these components is in the

range defined below



independently an alkyl or cycloalkyl residue with 1 to 20 carbon atoms, characterized in that the solar
cell module has at leastonecomponentcomprisinga 30 polyalkyl(meth)acrylate and in that the
concentration of the compound according to formula (I) in this component or these components is in
the range defined below AWWED2QEL/160925- 35 -PETIE92011/059002-CUPL2 ¢DA u.0G40 ® 7l moulding

kin 1 0.6 [wt.% x aim] d moulding [ffin]
_ 0.1 wt Y% xm ,‘] ‘0 0.6 [wt.% X mm}

CU ¥ ~absorber — [ ] d [ ]
mouldmg “moulding mm



