1 Production of solar cell nodules The present invention relates to the
production of solar-cell nodules, and plso to the corresponding sol ar-cell
nodul es. PRIOR ART A solar cell or photovoltaic cell is an electrical

nmodul e whi ch converts the radiant energy in light, in particular that in
sunlight, directly into electrical energy. The physical basis of this
conversion is the photovoltaic effect, which is a specific instance of the
i nternal photoelectric effect. Figure 3 is a cross-sectional diagram

showi ng the fundanmental structure of a solar-cell nodule. 501 in Figure 3
i ndi cates a photovoltaic el ement, 502 indicates a fixing neans, 503

i ndi cates a pane, and 504 indicates a rear wall. Radiation from sunli ght

i npacts the |ight-sensigij fac f i c element 501 by
passi ng through the parfg}éafgﬂéﬂtﬁggﬂlépﬁg&m&&gg and is converted
into electrical energy. Qutput termnals (not shown) serve for output of
the resultant electricity. The photovol taic el enent cannot w thstand

ext r enFherasert invattion @hstes lbe ¢tire productivradisblaraaiirmddslesnand alsodoythe
fragile. It therefore hﬁs tg be covered and protected by a suitable

mat er i GPITESRPNHRY SpiasceHdRACUIRRi s i s achi eved by using a suitable fixing
nmeans to insert and | am nate the photovoltaic el enent between a transparent
weat heri ng-resi stant pane, e.g. a pane of glass, and a rear wall which has
excel | PRIOROARITur e resi stance and high electrical resistance. Materials
often used as fixing neans for solar cells are polyvinyl butyral and

et hyl ene-vinyl acetate copolyners (EVA). In particular, crosslinkable EVA
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resi stance, high weathering resistance, high transparency and _good

cost - eéhergydndight, i paricudan that iressumlighmdi@o%y intotelaclsgat energveThe gh

stabili .because jt.is intended. for . |pnagstermout use ordingly,
t he fiR#‘Y\;ﬂc S ﬂt@'ﬂs PRGN, 'ﬁt %9@0&@3{"1 e‘%ﬁe#e‘&ﬁﬁbrlg%gsqéggﬁst ance and
hi gh hpatarf@serthaisemalpmdteslechicdtrseenenon frequently observed when the
nodule is in |ong-termoutdoor use, for exanple for a period of ten years,

is light-induced and/ or heat-induced degradation of the fixing neans,
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sol ar - power obtal ne
sol ar - ggdlighrtriip&ne 503 and the fixing means 502, and is converted into electrical

energy. Output terminals (not shown) serve for output of the resultant electricity.

The photovoltaic element cannot withstand extreme outdoor conditions, because it
readily corrodes and is very fragile. It therefore has to be covered and protected by a
suitable material. In most instances, this is achieved by using a suitable fixing means
to insert and laminate the photovoltaic element between a transparent weathering-
resistant pane, e.g. a pane of glass, and a rear wall which has excellent moisture

resistance and high electrical resistance.

Materials often used as fixing means for solar cells are polyvinyl butyral and
ethylene-vinyl acetate copolymers (EVA). In particular, crosslinkable EVA
compositions exhibit excellent properties here, examples being good heat resistance,

high weathering resistance, high transparency and good cost-efficiency.



Al t hough the EVAs usually used are good fixing nmeans per se, they are
gradual | y degraded by hydrol ysis and/or, pyrolysis. Over the course of tine,
acetic acid is liberated by the actionzbf heat or noisture. This leads to
“yellowing of the fixing means, to a reduction in mechanical strength and to
a reduction in the adhesion of the fixing nmeans. Furthernore, the acetic
.acid liberated acts as catal yst and further accel erates degradation. A
further problemarising is that the acetic acid corrodes the photovoltaic
el ement and/or other netal parts in the solar-cell nodule. To solve the
sai d probl ens, European Patent Application EP 1 065 731 A2 proposes the use
of a solar-cell nodul e which enconpasses a photovoltaic el enent and a
polymeric fixing nmeans, where the polyneric fixing neans is intended to
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lead to corrosion of the photovoltaic element itself or of metalhc parts in the solar-cell

module, and likewise reduces the power obtained from the solar-cell module.

Although the EVAs usually used are good fixing means per se, they are gradually
degraded by hydrolysis and/or pyrolysis. Over the course of time, acetic acid is
liberated by the action of heat or moisture. This leads to yellowing of the fixing
means, to a reduction in mechanical strength and to a reduction in the adhesion of
the fixing means. Furthermore, the acetic acid liberated acts as catalyst and further
accelerates degradation. A further problem arising is that the acetic acid corrodes the

photovoltaic element and/or other metal parts in the solar-cell module.

To solve the said problems, European Patent Application EP 1 065 731 A2 proposes
the use of a solar-cell module which encompasses a photovoltaic element and a
polymeric fixing means, where the polymeric fixing means is intended to comprise an
ethylene-acrylate-acrylic acid terpolymer, an ethylene-acrylate-maleic anhydride
terpolymer, an ethylene-methacrylate-acrylate terpolymer, an ethylene-acrylate-
methacrylic acid terpolymer, an ethylene-methacrylate-methacrylic acid terpolymer
and/or an ethylene-methacrylate-maleic anhydride terpolymer. However, solar-cell
modules of this type have restricted weathering resistance and also restricted

effectiveness.



DE 38 38 480 Al discloses nethyl nethacrylate polynmers and net hyl

nmet hacryl ate copol yners whi ch respecti ?gel y conprise a) an oxanilide

conmpound or 2,2,6,6-tetranet hyl pi peridirne conmpound as stabilizer for

- protection from danmage caused by light, and b) a flane-retardant

or ganophosphor us conpound. However, the publication reveals nothing about

-the use of the conposition for the production of solar-cell nodules. JP

2005- 298748 A provi des noul di ngs conposed of a nethacrylic resin, and these

preferably conprise 100 parts by weight of nmethacrylic resin, enconpassing

from60 to 100% by wei ght of nmethyl methacrylate units and fromO to 40% by
. . . . ) o
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publication reveal s nothing about the use of the nouldings for the
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t herefore an object of the present invention to provide possibilities for

mtigating the reduction in pows frgf a solar cell during long-term

out door use, in particul gr—at hi gl t4 e and/or high hum dit¥|.) To
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However, the publication reveals nothing about the use of the mouldings for the

production of solar-cell modules.

DE 38 38 480 A1 discloses methyl methacrylate polymers and methyl methacrylate

copolymers which respectively comprise

a) an oxanilide compound or 2,2,6,6-tetramethylpiperidine compound as stabilizer for
protection from damage caused by light, and

b) a flame-retardant organophosphorus compound.

However, the publication reveals nothing about the use of the composition for the

production of solar-cell modules.

JP 2005-298748 A provides mouldings composed of a methacrylic resin, and these
preferably comprise 100 parts by weight of methacryiic resin, encompassing from 60
to 100% by weight of methyl methacrylate units and from 0 to 40% by weight of other
copolymerizable vinyl monomer units, and from 0.005-0.15% by weight 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 intended to have a



Use of a noul ding conposition with all of the features of the present

Patent Caim 1 achieves the said objects, and al so achi eves other objects
whi ch al t hough not specifically menti offed are obvi ous from t he

ci rcunstances di scussed in the introduction. The dependent cl ains that
refer back to Caim1l describe particularly advantageous variants of the
.invention. Protection is also provided for the correspondi ng sol ar-cel

nodul es. Use of a) at |east one polyal kyl (meth)acrylate and b) at |east
one conpound according to formula (1) 5 in which the noieties Rl and R2
are independently an al kyl or cycloal kyl noiety having from1 to 20 carbon
atons, for, the of solar-cell nodules, in particular for the

duct i :
pr oduct $IgRITiGAN Eéfﬁ‘@?g‘ﬁlﬂg\z redizfiep andde hayedransparenmydefl atgnost 20% at

340 nm and transparency of at least 70% at 380 nm, measured on mouldings of

thickness in the range from 0.5 to 5 mm.

The mouldings are in particular intended to be used as covers for lighting systems.
However, the publication reveals nothing about the use of the mouldings for the

production of solar-cell modules.
BRIEF DESCRIPTION OF THE INVENTION

It is therefore an object of the present invention to provide possibilities for mitigating
the reduction in power from a solar cell during long-term outdoor use, in particular at
high temperature and/or high humidity. To this end, methods were in particular
sought for achieving excellent weathering resistance, maximum heat resistance and
maximum permeability to light, and also minimum water absorption. Other desirable
features are minimum liberation of substances that promote corrosion, in particular of
acids, and maximum adhesion to the various substrate elements of a solar-cell

module.

Use of a moulding composition with all of the features of the present Patent Claim 1
achieves the said objects, and also achieves other objécts which although not
specifically mentioned are obvious from the circumstances discussed in the
introduction. The dependent claims that refer back to Claim 1 describe particularly
advantageous variants of the invention. Protection is also provided for the

corresponding solar-cell modules.

Use of
a) at least one polyalkyl (meth)acrylate and

b) at least one compound according to formula (1)



is a successful, but not readily foreseeable, nethod of optim zing
mtigation of any reduction in the powr froma solar cell during long-term
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particul ar, excellent weathering resistance, very high heat resistance and
very high perneability to light, and also very | ow water absorption are
achi eved. Furthernore, even long-term outdoor use results in no |liberation
of substances that pronote corrosion, while the adhesion achieved to the
various substrate elenents of a solar-cell nodule is very good. This manner
of achieving the object permts efficient utilization of "useful”™ light in
the visible wavel ength range. At the sane tine, other wavel ength ranges, in
particular in the UV region, whi@h camot be utilized to generate
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This manner of achieving the object permits efficient utilization of “useful” light in the
visible wavelength range. At the same time, other wavelength ranges, in particular in
the UV region, which cannot be utilized to generate electricity, are effectively
absorbed. The said absorption increases the weathering resistance of the solar-cell
modules. The absorption moreover inhibits disadvantageous heating of the light
collectors, without a need to use cooling elements for the said purposes, and the
lifetime of the solar-cell modules is prolonged, and their total output and their

effectiveness is increased.

The procedure according to the invention in particular gives the following

advantages:

Access is provided to a solar-cell module with excellent weathering resistance, heat
resistance and moisture resistance. No peeling occurs, even when the module is

exposed to outdoor conditions for a long period. Weathering resistance is moreover



Figure 3 is a cross-sectional diagramof a conventional solar cell. Key
Figure 1 101Photovoltaic el enent 102Fi éi ng neans 103Pane 104Fi xi ng neans
- 105Rear wall Figure 2a 201Conductive Substrate

improved, since no acid is liberated even at high temperatures and high humidity.
Since there is no corrosion of the photovoltaic element caused by acid, a long-lasting

stable power level is maintained by the solar cell over a long period.

Materials are moreover used whose weathering resistance, heat resistance and
moisture resistance are excellent, and which have excellent permeability to light, and

which permits the production of very good solar-cell modules.
DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional diagram of a preferred solar-cell module according to

the present invention.

Figures 2a and 2b are cross-sectional diagrams showing the fundamental structure
of a photovoltaic element preferably used in the solar-cell module according to Figure
1, and, respectively, a plan view of the light-sensitive area of the photovoltaic

element.

Figure 3 is a cross-sectional diagram of a conventional solar cell.

Key
Figure 1
101 Photovoltaic element
102 Fixing means
103 Pane
104 Fixing means

105 Rear wall



202Ref |l ective | ayer 203Phot oactive sem conductor |ayer 204Transparent
conductive | ayer 205Col | ector el ect rongZOGaCr ocodile clip 206bCrocodil e
clip 207Conducti ve, adhesive paste 208Conductive paste or tin solder Figure
2b 201Conductive substrate 202Refl ective |ayer

Figure 2a
201 Conductive substrate
202 Reflective layer
203 Photoactive semiconductor layer
204 Transparent conductive layer
205 Collector electrode
206a Crocodile clip
206b Crocodile clip
207 Conductive, adhesive paste
208 Conductive paste or tin solder
Figure 2b
201 Conductive substrate

202 Reflective layer

203 Photoactive semiconductor layer
204 Transparent conductive layer
205 Collector electrode

206a Crocodile clip
206b Crocodile clip

207 Conductive, adhesive pastes

Figure 3

501 Photovoltaic element
502 Fixing means

503 Pane

504 Rear wall



203Phot oacti ve sem conductor | ayer 204Transparent conductive |ayer _
205Col | ector el ectrode 206aCrocodile clip 206bCrocodile clip 207Conducti ve,
adhesi ve pastes Figure 3 501 Phot ovol t&ic el enent 502 Fixi ng nmeans 503 Pane

~ 504 Rear wall

DETAILED DESCRIPTION OF THE INVENTION
For the purposes of the present invention,

a) at least one polyalkyl (meth)acrylate and

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

0) O
R OR

in which the moieties R' and R? are independently an alkyl or cycloalkyl moiety
having from 1 to 20 carbon atoms,
are used for the production of solar-cell modules. In this context, these components
can be used together in one composition, e.g. as a mixture in a moulding
composition, thus using more than one component together in the production of a
common element, such as a moulding, of the solar-cell module. However, it is also
possible to use each of them separately for the production of different individual

elements of a solar-cell module.

The polyalkyl (meth)acrylate can be used alone or else in a mixture of a plurality of
different polyalkyl (meth)acrylates. The polyalkyl (meth)acrylate can moreover also

take the form of a copolymer.

For the purposes of the present invention, particular preference is given to homo-
and copolymers of C4-C4g-alkyl (meth)acrylates, advantageously of C4-Cp-alkyl
(meth)acrylates, in particular of C4-Cg4-alkyl (meth)acrylate polymers, and these can, if

appropriate, also comprise monomer units which differ therefrom.
The term (meth)acrylate here means not only methacrylate, e.g. methyl methacrylate,
ethyl methacrylate, etc., but also acrylate, e.g. methyl acrylate, ethyl acrylate, etc.,

and also mixtures composed of these two monomers.

It has proved particularly successful to use copolymers which contain from 70% by



8 DETAI LED DESCRI PTI ON OF THE | NVENTI ON For the purposes of the present
I nvention, a) at |east one pol yal kyl (ﬁet h)acrylate and b) at | east one
conmpound according to fornula (1) i B which the noieties Rl and R2 are
~independently an al kyl or cycloal kyl nmoiety having from1 to 20 carbon
atons, are used for the production of solar-cell nodules. In this context,
~these conponents can be used together in one conposition, e.g. as a mxture
in a nmoul ding conposition, thus using nore than one conponent together in
t he production of a common el enent, such as a noul ding, of the solar-cell
nodul e. However, it is also possible to use each of them separately for the
roduction of different individual elenents of a solar-cell nodule.

P weight to 9930 by weight, in particular from 70% to 90% by weight, of C1-C1o-alky|

(meth)acrylates. Preferred C4-Co-alkyl methacrylates encompass methyl

methacrylate, ethyl methacrylate, propyl 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 methacrylate, decyl methacrylate, and also

cycloalkyl methacrylates, for example cyclohexyl methacrylate, isobornyl

methacrylate or ethylcyclohexyl methacrylate. Preferred C4-Cq¢-alkylacrylates

encompass methyl acrylate, ethyl acrylate, propyl acrylate, isopropyl acrylate, n-butyl

acrylate, isobutyl acrylate, tert-butyl acrylate, pentyl acrylate, hexyl acrylate, heptyl

acrylate, octyl acrylate, isooctyl acrylate, nonyl acrylate, decyl acrylate, and

ethylhexyl acrylate, and also cycloalkyl acrylates, for example cyclohexyl acrylate,

isobornyl acrylate or ethylcyclohexyl acrylate.

Very particularly preferred copolymers encompass from 80% by weight to 99% by
weight of methyl methacrylate (MMA) units and from 1% by weight to 20% by weight,
preferably from 1% by weight to 5% by weight, of C4-Cp-alkyl acrylate units, in
particular methyl acrylate units, ethyl acrylate units and/or butyl acrylate units. In this
context, it has proved particularly successful to use PLEXIGLAS® 7N polymethyl

methacrylate, obtainable from R6hm GmbH.

The polyalkyl (meth)acrylate can be produced by polymerization processes known
per se, and particular preference is given here to free-radical polymerization
processes, in particular bulk polymerization, solution polymerization, suspension
polymerization and emulsion polymerization processes. Initiators particularly suitable
for these purposes encompass in particular azo compounds, such as 2,2'-
azobis(isobutyronitrile) or 2,2'-azobis(2,4-dimethylvaleronitrile), redox systems, e.g.
the combination of tertiary amines with peroxides or sodium disulphite and
persulphates of potassium, sodium or ammonium, or preferably peroxides (in which
connection cf. for example H. Rauch-Puntigam, Th. Volker, "Acryl- und

Methacrylverbindungen" [Acrylic and methacrylic compounds], Springer, Heidelberg,



The pol yal kyl (neth)acrylate can be used alone or else in a mxture of a
plurality of different polyal kyl (nethhﬁcrylates. The pol yal kyl
(meth)acryl ate can noreover al so take e formof a copolyner. For the

pur poses of the present invention, particular preference is given to
honoand copol yners of Cl1-C18-al kyl (neth)acryl ates, advantageously of

Cl- C10-al kyl (nmeth)acrylates, in particular of Cl-C4-al kyl (nmeth)acrylate
pol ymers, and these can, if appropriate, also conprise nonomer units which
differ therefrom The term (neth)acrylate here neans not only nethacryl ate,
e.g. nmethyl nethacrylate, ethyl nethacrylate, etc., but also acrylate, e.g.
‘nmethyl acrylate, ethyl acrylate, etc., and also m xtures conposed of these
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Met hacr yleveapbtamdudgeedyl Mercapian, 2Auenetpteethgholorcethylhels] thiciiycolate, ,
Hei del bpeerr%éery%l'?ritol tetrathioglycolate; the amounts used of the molecular-weight
regulators generally being from 0.05% by weight to 5% by weight, preferably from 0.1
to 2% by weight and particularly preferably from 0.2% by weight to 1% by weight,
based on the monomer or monomer mixture (cf., for example, H. Rauch-Puntigam,
Th. Vélker, "Acryl- und Methacrylverbindungen" [Acrylic and methacrylic compounds],
Springer, Heidelberg, 1967; Houben-Weyl, Methoden der organischen Chemie
[Methods of organic chemistry], Vol. XIV/1, page 66, Georg Thieme, Heidelberg,
1961, or Kirk-Othmer, Encyclopedia of Chemical Technology, Vol. 1, pages 296ff, J.
Wiley, New York, 1978). n-Dodecyl mercaptan is particularly preferably used as

molecular-weight regulator.



1967, or Kirk-Q hmer, Encyclopedia of Chem cal Technol ogy, Vol. 1, pages
386ff, J. Wley, New York, 1978). nptes of particularly suitable
perOX|de pol ynmeri zation initiators are dilauroyl peroxide, tert-butyl

" peroctoate, tert-butyl perisononanoate, dicyclohexyl peroxodi carbonate,

di benzoyl peroxide and 2, 2-bis(tertbutyl peroxy)butane. It is also possible
and preferred to carry out the polynerization reaction using a m xture of
various polynerization initiators of different half-lifetinme, exanples
bei ng dil auroyl peroxide and 2, 2-bis(tert-butyl peroxy)butane, in order to
naintain a constant stream of free radicals during the course of the

pol yrrer ion reaction, and also at various polynerization terrperat ures.
The am) W&O§$S gbiherrresen inventian. @t least oRe CogImaMgl a6EordiBght. 019% by
wei ght 4 QZ wei ght, based on the nmononer m xture. The pol ynerization
reacti on can carried out conti nuously or else batchw se. After the

pol yneri zation reaction, the pol s obtai ned by way of conventi onal
steps of isolation and separatio »0. filtration, coagul ation anggspray

drying. The chain length 91\ he rrers ol opolyrrers can be adj uSted by
pol yneri zing the rmnorrer DA I < ) t he presence of
nol ecul ar - wei ght regul & a parti cuI ar SMERS bei ng the nercaptans
known for this purpose, e.g. n-butyl nercaptan n- dodecyl mercapt an,

2- mer caatmbh@w@h&énés R? Byl ek Méﬁ&wéﬁllyaérﬁlk E‘d}tc%fo\é‘ilﬂli ety

tetrathi oglycolate; the anmbunts used of the | ar -'wei regul ators
gener al hgvihe ifnogn fl 0200520606 atome;i patticularls wréferatdy gavnngpﬁrcnh drtal garboom 0 1
to 2%

wei gt , J08% & PR ool s PeBGlEh BFink coi@ el moudlee! Tl yphau,”

Rauch- Ryaidtidarare Prefekably ihear Achrahché@ dnteddnasdve Mﬂféﬁtdﬁﬂé‘%m;ﬁlé‘jr yI ic and
met hacrylic conpounds],  Springer, Heidelberg, 1967; Houben- Weyl', Met hoden

der or g2@ing bragerhalems.[ Met hods of organic chemistry], Vol. XIV/1, page 66,
Georg Thiene, Heidel berg, 1961, or Kirk-Q hner, Encycl opedi a of Chem cal
Technol ogy, Vol. 1, pages 296ff, J. WIley, New York, 1978). n-Dodecyl

mer capt Afong tﬁérdref@wealrélyyl Rrelss akd Nﬁel#ﬁ@dwyﬂisetﬁw Qﬁjﬂyﬁﬁsd{lﬁbﬁw 1ftﬁ.ﬂyl| ator.
11 For the purposes of the present invention | east one conpound
accor di Zr§utybh 2-grettylarqny, tert- tmjyl pentyl, 2- methylbutyl 1,1-dimethylpropyl, hexyl,

heptyl, octyl, 1,1,3,3-tetramethylbutyl, nonyl, 1-decyl, 2-decyl, undecyl, dodecyl,

pentadecyl and eicosyl group.

Among the preferred cycloalkyl groups are the cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl and cyclooctyl group, which optionally have branched or
unbranched alkyl groups as substituents.

Preference is given to the use of the compound of the formula (Il)

o) 0
28
NH IN 0.

CHs  HsC,0

This compound is available commercially from Clariant as ®Sanduvor VSU and from
Ciba Geigy as ®Tinuvin 312.

For the purposes of the present invention, it can sometimes be advantageous to add



( NH HN in which the noieties Rl and R2 are independently an al kyl or
cycl oal kyl noiety having from1 to 20 rbon atons, particularly preferably
having from1 to 8 carbon atons, is noreover used for the production of the
- solar-cell nodules. The aliphatic noieties are preferably linear or
branched and can have substituents, exanples being hal ogen atons. Anpbng the
preferred al kyl groups are the nethyl, ethyl, propyl, isopropyl, 1-butyl,
2-butyl, 2-methyl propyl, tert-butyl, pentyl, 2-nethylbutyl,
1, 1-di met hyl propyl, hexyl, heptyl, octyl, 1,1, 3, 3-tetranethyl butyl, nonyl,
1-decyl, 2-decyl, undecyl, dodecyl, pentadecyl and eicosyl group. Anong the
preferred cycl oal kyl groups are the cycl opropyl, cyclobutyl, cyclopentyl,
cycl ohe&%"}arﬁﬁc‘f"ﬁﬁhéﬁ?vﬂ tatee poesosodiiad 'Qrtgﬁ @ﬂ Fietererga isgdiven io exemnal
branch br, A I S ' I apce 1. given to
the. usciopCantd BAEHTE, fRihe JERAENEZN P UV UaBiizers, HEUPARE fiold

additives for shielding from electromagnetic radiation, antistatic agents, mould-

release agents, dyes, pigments, adhesion promoters, weathering stabilizers,

plasticizers, fillers and the like.

For the purposes of one particularly preferred embodiment of the present invention,
at least one sterically hindered amine is used, giving a further improvement in
weathering resistance. A further reduction can be achieved in yellowing or
degradation of the materials when they are exposed to outdoor conditions for long

periods.

Particularly preferred sterically hindered amines include dimethyl succinate-1-(2-
hydroxyethyl)-4-hydroxy-2,2,6,6-tetramethylpiperazine polycondensate, poly[{6-
(1,1,3,3-tetramethylbutyl)amino-1,3,5-triazine-2,4-diyl}{(2.2,6,6-tetramethyl-4-
piperidyl)imino}hexamethylene{(2,2,6,6-tetramethyl-4-piperidylJimino}], 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-tetramethyl-4-
piperidyl) sebacate and bis(1,2,2,6,6-pentamethyl-4-piperidyl) 2-(3,5-di-tert-4-
hydroxybenzyl)-2-n-butylmalonate.

The use of silane adhesion promoters or of organic titanium compounds has
moreover proved particularly successful, giving a further improvement in adhesion on

inorganic materials.

Suitable silane adhesion promoters include vinyltrichlorosilane, vinyitris(B-
methoxyethoxy)silane, vinyltriethoxysilane, vinyltrimethoxysilane,
y-methacryloxypropyltrimethoxysilane, B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
y-glycidoxypropylmethyldiethoxysilane, N-B-(aminoethyl)-y-
aminopropyltrimethoxysilane, N-B-(aminoethyl)-y-aminopropylmethyldimethoxysilane,

y-aminopropyltriethoxysilane, N-phenyl-y-aminopropyltrimethoxysilane,



C2H5 FI5C20 This conpound is avail able commercially fromd ariant as
Sanduvor VSU and from C ba CGeigy as &Tjiguvi n 312. 12 auxiliaries well
known to the person skilled in the art.YPreference is given to external

| ubricants, antioxidants, flame retardants, further UV stabilizers, flow
aids, netal additives for shielding fromelectromagnetic radiation,
antistatic agents, noul d-rel ease agents, dyes, pignents, adhesion
pronoters, weathering stabilizers, plasticizers, fillers and the |ike. For
t he purposes of one particularly preferred enbodi mrent of the present

I nvention, at |east one sterically hindered amne is used, giving a further
| nprovenent in weathering resistance. A further reduction can be achieved
in yel | bWnergapiorderyismethexydirnehandyr@rerapsorwiemathexysiaeeexposed t o

out door conditions for long periods. Particularly preferred sterically

hi ndered am nes include di nethyl succinate-1-(2-

hydr oxy&héayélptide byspartiyns oRthe, folyalkylgmesth)dopylater avad oftheotompowiensat e,

pol yR6- . C

(1, 1, 3, acedingrefaymulg:()san iRgerinciple befresly selested. 4i y11 { (2. 2, 6, 6- t et ranet hy
| - 4- pi peridypi m no} hexanet hyl ene{ (2, 2, 6, 6-tetranet hyl - 4- pi peri dypi m no}],
N, N1- bi s( 3-

am nopr dpgpatégtearddgenusiy pheseribtefethbunithinha (nbuldifig Gofpositicmnet hy 1- 4-

pi peridyl)am npj-6-.chlpro-1,3,5-triazjne condensate,

b1 52, o atBLIAE) R TRA MBI B MRpeioBsRaMPasacin each case based on

bi s( 1, 2ol RRAGIITEL hy 1- 4- pi peridyl) 2-(3,5-di-tert-4-

hydr oxybenzy1l) - 2-n- but yl mal onate. The use of silane adhesion pronoters or

of or gaa) fromi 9CHi hymveighp 88 9984s byrweighieaf polyakiad (methacollatelandsuccessf ul |
9Iving gy 8kt 8186154y NEFIRS 0l S5 ABRLRMt SFcdMBbIRE 28OS teffofmula (1).

The processes known from the literature can be used to incorporate the compounds

in such a way that they are present together in a moulding composition, examples

being mixing with the polymer prior to further processing at a relatively high

temperature, addition to the melt of the polymer or addition to suspended or

dissolved polymer during its processing. They can also, if appropriate, be added to

the starting materials for the production of the polymer, and they do not lose their

absorption capability even in the presence of other conventional light stabilizers and

heat stabilizers, oxidants and reducing agents and the like.

The softening point of a moulding composition which is particularly preferred for the
purposes of the present invention is not lower than 80°C (Vicat softening point VST
(ISO 306-B50)). It is therefore particularly suitable as fixing means for solar-cell
modules, since it does not exhibit any onset of creep even when the module is

exposed to high temperatures during use.

Other particularly advantageous moulding compositions are those having
comparatively high total light permeability and thus, particularly when the moulding
composition is used as fixing means in solar-cell modules, mitigate any reduction in
the power level of the solar cell that could be caused by optical loss in the fixing
means. Total permeability to light is preferably at least 90% over the wavelength

range from 400 nm to less than 500 nm. Total permeability to light is preferably at



Sui tabl e sil ane adhesion pronoters include vinyltrichlorosilane,

vi nyl tri s(Pnet hoxyet hoxy) si | ane, vi nyl trlethoxy5|lane

vi nyl tri nmet hoxysi |l ane, y-nethacryloxyﬂropyltrlnethoxy5|lane

p- (3, 4- epoxycycl ohexypet hyl tri nmet hoxysi | ane,

y-gl yci doxypr opyl net hyl di et hoxysi | ane,

N- p- (am noet hyl ) - yam nopropyl tri met hoxysi | ane,

N- 13- (am noet hyl ) - y- am nopr opyl net hyl di net hoxysi | ane,

y-am nopropyl tri et hoxysi | ane, N-phenyl -y-am nopropyltrinethoxysilane, 13
y- nercaptopropyltrinethoxysilane and y-chl oropropyl trinet hoxysil ane. The
relatlve p&gportlons of the P alﬁy (met h) acryl at e and of the conpound
accor di ﬁ@St % &velthe weyeleggth range;ifilrm o ma teless thagel QU0 @ (measyired e
advant g e, t ition. Particularly
preferr egp Q{f%sl'émb%é)ﬁg%?; whhaidh&epﬂjdnhﬂggg%ﬁgg@g based on their
total weight, a) fron190@6by meight to 99.999% by melght of ponaIkyI

th d b) f 0, 001% ht to 0.03% t of d
gg‘goré?ﬁéwfﬁhgb%@“é W%Op%g'oﬁﬁdb@tsé'@sa éjqwrte ogeﬁ\og’@urg cgﬁmﬁgun
used t Qj.éé?ﬁ&f&we%ﬁsglaﬁ@smwma Ras,yemzamgxbpmhﬁieé deéﬁé‘ehef ﬁﬁf«‘nt

together 1'n a noul g conposition, exa elfng mxin € pol yner
pri or tredéctidriarthpmovesdeve) fadm the eblarlcekkbgusecgbytsbupt@ra:uuse addition to
the nelt of the polyner or addition to suspended or dissolved pol yner
during its processing. They can also, if appropriate, be added to the
starti ngodairy é&héoélﬁéné BSmIBhQFFH@Gthb%n%ﬁtde'ﬁ?s H\‘é'nYBBéd a?é‘ﬁaﬁl&:ﬁlér@o not |ose
t heir absorption capability evei In the presence of other conventional

| i ght suitbble asfasteniog hnmnsﬁoalsolarmﬂsno@txledaﬂn@y aredmoeenusir pyefeganly s and

the like. The, softeni moul din on ich is

par t | cuiSerT9Y oo B Wikt i ErdEt oS Jet ERBAANE TR Arén 1 5 not

| over  tdoafpdHints WihicH c&sﬁetr%téngmtha highly éﬁ.&@nﬁ%ﬁ&é@b}w anl &rdaoft herefore
particularly suitable as fixing nmeans tor_solar-cell nodules, since it does
not exHniBiMuANSIZeiHUS a@hlewngeiplgbu@adwm@ﬁ Therenis el reeds heseptosaanearaterangh

t enper S Ot her particul arly advant ageous noul di ng
conposﬁwégﬁ Ofgﬁéhgﬁto%ﬁﬁﬁ% Vi ng conparatively high total |ight perneability
and thus, particularly when the noul ding conposition is used as fixing

means in solar-cell nodules, mtigate any reduction in_the power |evel of
t he solRartiedprly egyaniagepys ﬂfehbmtwo@ﬁ@r thel purpeses Af theepresenhy means.

range TSRRNGSerhBdih@inace, REFHCARC rioed Bb SRR I g =m0t "

pr ef er gvarye.dh particular here, light incident parallel to the optical axis is focused at the

focal point.

Converging lenses can be biconvex (both sides being convex), planoconvex (1 side
planar, 1 side convex) or concave-convex (1 side concave, 1 side convex, the
convex side preferably having greater curvature than the concave side). Converging
lenses particularly preferred according to the invention encompass at least one
convex region, and planoconvex structures have proved very particularly

advantageous here.

For the purposes of one particularly preferred embodiment of the present invention,
the light concentrators have the structure of a Fresnel lens. This is an optical lens
which generally provides a reduction in weight and in volume because of the
construction principle used, and this is particularly effective in the case of large

lenses with short focal length.



14 | east 80% over the wavel ength range from 500 nmto |ess than 1000 nm
(nmeasured with the aid of a Lanbda 19 ﬁ)ectrophotometer from Perkin Elner).
Still further noulding conpositions th are advant ageous are those whose

- dissipation resistance is from1l to 500 ka x cnR. This optim zes avoi dance

of any reduction in the power |evel fromthe solar cell caused by short
circuits. Mulding conpositions conprising the constituents nentioned are
particularly suitable as fastening nmeans for solar-cell nodules. They are
nor eover preferably used for the production of what are known as |ight
concentrators. These are conponents which concentrate light in a highly
efficient manner on an area of m nimum size, thus achieving high

i rradi ahP@ redyrdiop inyohune & p Reasnel !ﬁr@eﬁ@cateefedrthmw@edwslqnwatq apmtlasour ce.
e ent Tetidns. ANCARIRABLYR 1Bl PBAERLF L aa0oh0caRy IORER RreldlE

present | nvention are conver I NCI

focus i comprisémafseciab qbbanelar lzonearSInce light lbe'ef:"ractledghﬂy attHedaurfageasfahkel to
the optjcal _axis. s f e focal point. Converging | enses can be
ign faneod ardy

bi conve ?b@@@@'ﬁé’gr $ nob oRrbe dhigknessibulionly pndhaangle si de
convex) bék(/ve‘éﬂrlﬁé‘f\%%'i‘i‘é%és ()?-aslétq@ ﬂ%‘%@é‘?hﬁrjeféﬂeq%té?ﬁgﬁggosél Ipdignvex side

preferably having greater curvature t e concave Ssi ver gi ng
| enses @iﬁ'rqughngrzloyledrsteturedm@atrsrimj'agg qwlltwene”rMthamnumefaaadat | east

t h t | ar |
tvant AyBbaU TR R Prdselt BiiRpHEH « 36k ToteboRay SRt fpisas udag & ' 2 Y
enbodi nﬁr@snéf sthiuRy @ﬁﬁ?éspiéb‘t’%"éhé’@ptléd?%xls' Qﬂbyqf’(gﬁs?% fsin é\éﬁ'reFﬁ@n

structure of a Fresnel lens. This I's an optica ge eral

provi deenta a giagletpaint.i n wei ght and in vol une because of the construction
principle used, and this is particularly effective in the case of |arge

| enses with short focal length. 15 The reduction in volune for a Fresnel

| ens i sSF@cthe®rPosdy SaHbtRENb&iBDIary R eRirad é’fhbb@i&\é?ﬂ%f tHdBrddeingkness is
reduced in each of the said regions, and the lens therefore conprises a

seri es igventiptullinearlenses withiioesnekstruaterer areruasde andfogusalightivéthiniaf singie of
the le he angle of refraction depends not on the thickness but only on
t he anaﬁ et ween the two surfaces of a lens. The lens therefore retains
its focal length, although the zoned structure inpairs imge quality. One
first particularly_ preferred enbodinent of the present invention uses
rotatio Wu%twﬁr@f lan-eaikmeduls ¢an B ethes rRIpests be awataIcinerknovgpeest t o

poi ni - E5r Rkl AROnEREe st e IPIBC leRi B4 B R of e
pr esentmse‘rmandrlamlnaMbemea pantlarid 2 sewl wall, winiratiee pateusiritheasdr f ocus
' ght w élp have a va agegusafy and respectively been secured by a fixing means on the
photovoltaic element. The solar-cell module here, and in particular the pane, the rear
wall and/or the fixing means, advantageously encompasses the components used
according to the invention, i.e. the polyalkyl (meth)acrylate and the compound

according to formula (I).

For the purposes of another very particularly preferred embodiment of the present

invention, the solar-cell module encompasses

a) at least one photovoltaic element,

b) at least one light concentrator, which comprises at least one polyalkyl
(meth)acrylate, and

c) at least one transparent pane, which comprises at least one compound according

to formula (1).



The structure of the solar-cell nodule can in other respects be a structure
known per se. It preferably enconpassq; at | east one photovol taic el enent,
advant ageously inserted and | am nated Detween a pane and a rear wall, where
" the pane and the rear wall have advantageously and respectively been
secured by a fixing nmeans on the photovoltaic elenment. The sol ar-cel

nodul e here, and in particular the pane, the rear wall and/or the fixing
nmeans, advant ageously enconpasses the conponents used according to the

i nvention, i.e. the polyal kyl (neth)acrylate and the conpound according to
formula (1). For the purposes of another very particularly preferred

enbodi nt of sent inventian e sol ar-cell e enconpasses a)
at |eas nsrpearwﬂ%\oagv%nte%@mﬁﬁ&ect%o splas<ell gprdyl Pdﬁna %ﬁze@rhn%wor,
whi ch cQRceSsioRhl reftehc@ IS figRekdl foy2g(meth)acryl ate, and c) at |east one

transparent pane, which conprTses at east one conpound according to

formul a (I) 16 One partlcul arI y advant ageous structure of a solar-cell
nodul e J£$ ‘ﬁ-ﬁ ] CaS|or}aI referg ce to figures 1 to 2B.
The sol 5!" 8 @LEP" "H:bton SRR IA B’r%?‘@f%‘? €&ftonpasses a
phot ovobh@tbuoldis BRitherdtOf01, & Pate1 é@%ov%ﬂﬁ@ rthé‘ﬁohﬁﬂ sideoat Rk pHotévdiaid he

phot ovol taic el enent 101, a first fixing fmeans 102 between 't he photovoltaic
el enent eleotrerdi@1t aélrs'giaﬂxmgm@ana 102aretwakh the photoyoliaicrgjemieat i@V anddhei de

104 of the t ovol t ai enent. 101, and a C 4 bet ween
the ohobd 08 VRl 65,6t nd e réVatsd B RSt v el Pl

el ement1@1,&drRf 2BEYoRNiLAEFRERS P0P BEhRRA IHeepIRABVAIRIIE Bfdnfént! BVCAnPthed
conductive substrate as a first electrode for conversion of light, and a

t r anspaiegiwallcftpuct i ve |1 ayer as a second el ectrode, formed thereon. The
conductive substrate preferably enconpasses in this context stainless
steel, giving a further inprovenent in the adhesion of the fixing nmeans to

t he subFheé phétovoltaic element preferably encompasses a photoactive semiconductor
layer on a conductive substrate as a first electrode for conversion of light, and a

transparent conductive layer as a second electrode, formed thereon.

The conductive substrate preferably encompasses in this context stainless steel,

giving a further improvement in the adhesion of the fixing means to the substrate.

On the light-sensitive side of the photovoltaic element, there is preferably a collector
electrode comprising copper and/or silver as constituent, and a polyalkyl
(meth)acrylate which preferably comprises at least one compound according to

formula (1) is preferably brought into contact with the collector electrode.

The light-sensitive surface of the photovoltaic element is advantageously covered
with a polyalkyl (meth)acrylate which preferably comprises at least one compound
according to formula (I) and it is preferable that a thin fluoride polymer film is then

arranged as outermost layer thereon.

The first fixing means 102 is intended to protect the photovoltaic element 101 from
external effects, by covering any unevenness of the light-sensitive surface of the
element 101. It also serves to bond the pane 103 to the element 101. It is therefore

intended to have high weathering resistance, high adhesion and high heat



On the light-sensitive side of the photovoltaic elenent, there is
preferably a collector el ectrode conpr,ising copper and/or silver as
constituent, and a pol yal kyl (neth)acﬂyfate whi ch preferably conprises at
| east one conpound according to fornmula (1) is preferably brought into
contact with the collector electrode. The light-sensitive surface of the
phot ovol tai c el enent is advantageously covered with a polyal kyl
(meth)acrylate which preferably conprises at |east one conpound according
to fornmula (1) and it is preferable that a thin fluoride polyner filmis
then arranged as outernost |ayer thereon. The first fixing neans 102 is
intended to protect the photovoltaic elenent 101 fromexternal effects, by
cover i NgsigigNGehdy addidies t@mlqmsammwn@erlgmm%eoyer frderdes to exehilaif lavent 101.

1 2 SQusf WBSo AN £\ B! ) by B FRRtndeckrelrridcy g o @

i nt ende ering resistance, esion and heat

17 resiprlefarable ioru@ddstﬁr@hfwmg meymstaW{meth)écryiaemlmpmferaupnded to
exhibit | ow water absorption ang to |jbera Cld. In order to neet

t hese r%‘HUPF%ﬁU@aSl}Q“Q |OmpeHg asp%rdﬂrwt% rmg )rst fixi ng nmeans, a

pol yal kyl (nmeth)acrylate which preferably conprises at | east one conpound
according to fornmula (1). In order to mnimze the reduction in the anount
of |i ghin ordacto minimime {heatduotidraincthel aneunt df(m;ht readhingthef ghiatblataihqat t he

bi | the f t Q h th e
evar otlemant A ¥ Ropreigible el hbpommedtiity of s Sist fisfg mae P2 e il |
pr ef er 319'tMe@§s%l§%éve%h@Eh Rahe frofy S0G R b 8GO0 AR isTRARANB03M 4y | ess than

00 nm (neasured e aid of a Lambda 19 spectrophotoneter from Perkin
EI mer) . panlcalbdn paefecatiy gé taast §0%ain the vevedendth sangelfremo#00 nontalless tharp. 0,

advant fro ord e the t,of |ight

e dentit pa et uli B Hdof sheRilE 14 RoSBiatdSmel M Pi0n s

used i rEmﬁéwrnt BRoRIdVaAtdgdonalyhy 8 Yshidive iriexBMroAlL 1ftb @ ext er nal

effects, by coverl g an%/ﬂunevenness on the reverse side of the el enent 101.
Yoo

It al scadveniagequs dorle@rinwader togpaximizetheamount ofiigght intidentecond
fixing S i xing nmeans, is therefore intended to have
hi gh we '@ﬁﬁgﬁrgéé$ﬁg%§§%k%§‘&ﬁﬁgh adhesi on and high heat resistance. It is
therefore preferable that a pol yal kyl (neth)acryl ate mhlch preferably
conprlses at | east one conpound according to formula ( is also used as

second ThepaePrikirag meanss1Qd s esashinordaato @n@éeq#ﬁh@phatoveﬁe@ glemephd01 i r st
fixing 1?1&?.’15( tbrhal Bffe &@"ﬁé@éve% h@aﬁ&?SH?Jé?{ne%Q%rF@r%%qer;s'eW'& of fitl'Sle ver,

since t transparency 'S pOSSI necessary, to add a

filler,101.dt also serngsniodband tthe rebpwalld 0Setodhd elémentg! Ok dite, secmrmlrfﬂ«imig to
achi eve a furthetgeélﬁr ovenent in vveat ering resistance .and nechani cal

pr oper tgans.dikeg fixing gyeans. isriheredere intendsddgrhavedigh weathemiths. The
phot ovolkRksn & ‘F@{‘ rgt%%oﬁléﬁa ﬁsm%%)ét&%q)ﬁﬂ .§?ﬁeﬂéﬁﬁ%rs+e$la§|@ttﬁaté“

particular nmondc ne SI| on cel ticrystalline siTicon cells,
am)rphqmlyaslkyh(nmihmwlaﬁeowbch)meﬁalrablye:ompnwsrat ledst omeadosopdagichg used in

Eglmr;ota ré&l | i C?%TBQPS"P‘ (Sb%g{%gperl Pq(lj%/u(-gq}ﬂsrﬁa@%gﬁweca%%pﬂqgg?efgra%les onduct or
material used for the first fixing means is the same as that used for the second fixing
means. However, since the fransparency is optional, it is possible, if necessary, to
add a filler, e.g. an organic oxide, to the second fixing means, in order to achieve a
further improvement in weathering resistance and mechanical properties, or to add a

pigment in order to colour the fixing means.

The photovoltaic element 101 used preferably comprises known elements, in
particular monocrystalline silicon cells, multicrystalline silicon cells, amorphous silicon
and microcrystalline silicon, these also being used in thin-layer silicon cells. Copper-

indium-selenide compounds and semiconductor compounds are moreover



Figures 2a and 2b show a bl ock diagram of a preferred photovoltaic el enent.
Figure 2a is a cross-sectional diagraqgﬁtic vi ew of a photovol taic el enent,
whereas Figure 2b is a diagrammtic pl vi ew of a photovoltaic el enent.
The nuneral 201 in these figures indicates a conductive substrate, 202
indicates a reflective layer on the reverse side, 203 indicates a

phot oacti ve sem conductor |ayer, 204 indicates a transparent, conductive

| ayer, 205 indicates a collector electrode, 206a and 206b indicate
crocodile clips, and 207 and 208 i ndicate conductive, adhesive pastes or
conductive pastes. The conductive substrate 201 serves not nerely as
substrate of the photovoltaic elenent but also as second el ectrode. The

mat er i aPargeulery sedakléet i ve substrate 201 preferably enconpasses silicon
tantal um nol ybdenum tungsten, stainless steel, alum nium copper,
titanium a carbon foil, a |l ead-plated steel sheet, a resin filmand/or a
cer am cFigatedy 2aland\ib shaw adiodek Hiagearh af er prefertephotodoltdie etemetc Figiuee
substrate 201, there is preferably a nmetal |ayer provided, or a netal oxide
| ayer, Z:] '%pmswﬁ@ﬂab@lﬁgmm@ew'%gf arPhotevaligicslement quheregs Figyre|

| ayer L [N t he
motal oo ok PROKRREARAAEH Kou bt o hotdPyelt otemes T AUBEral 20 s MERER | L 0c,
and t hefigmrealindicatds d eoreluctive sabisinaieade irsdigatesranmefiebijveglage pba siee
deposition, by heating, or by electron beam qr by sputtering.. The

Phot oadEVBiS TP A TTIGHEP ARIOIGIENERRGOPRUEEY kBt A0% NALAIRR el ect 1 ¢
CONVET Sirghs r@ﬁ@%@nf&&iv@haier‘f(QOS‘?K&icaﬂ%,rseJ eblikGorEb&rode, 20858%nd 206b
mul ticryst Ine silicon th pn transition, pin junction types conposed of
anor phondicate cromoedilgiclipg, landt 20hang 208 indicpteseahduictive,cadiasivt padtemersi | i con
and sem co%ggct or %%rrpounds, in particular CulnSe2, CulnS2, GaAs, CdS/ Cu2s,
CdS/ CdTEPNHFYY S RBSWTd CdTe/ Cu2Te. Particul ar preference is given here to
the use of pin junction types conposed of anorphous silicon. 19 The
preferred nmethod of production of a photoactive sem conductor |ayer uses
f or m ngThe comduativessubistrate 201 gemmesandtanerelyas subsirate of the photewnltaict

anor phous _silicon in the case of polycrystalli silicon., ar,6 uses sma
Gas. bhadamiay BEF Rlss P oo frode e E il R ekl Sk 241" he
case of prafarablyosifcompagses stdnotarnthlthdGhalgbashumetupigstetn Btaifless SRSl on

pl ati ng, ion beam deposition, vacuum evaporation, sputtering or

el ect r cFUENNIHA, iCOPPAR tikaRieme B carbenfalb adaadwlated siral sheetriaaresingiiigpar ent

conduct j 4 . 2| e the solar cell. It

or ot or tigoLAEETRAR nBRIKE G e tEBRLofATEVER BB En) " 00, “Ti 02, cazsnos or
a crystalline sem conductor |ayer which has been doped with a high
concentration of inpurities. It can be fornmed by resistance-heating vapour

deposi t PBhe spndueivenpibsigiadlhgthes is pielrrablyep mgtalilayer Revigeds 85fon of

i mpuri tl R ; [ I C
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short cprefarablycancompassebdiiwegrivio h, AbWduand/oeN§ witsdreas ¢heancktalloxide
transparent, conductive | ayer to, the upevenness of the surface. of the
Conduc PV MEHAPI EIBSSaEnDy TS Mok SR SPETIgEREYehand DAt ade
formati t QR ] | ion Tt éﬁq# o d

| ar ge c%?er“ggr'\rte %}g’ss, ropi r@%%g{ﬂ)fgégtjﬁgégég pb) %‘gs}%ﬁl’t%gé T |’?r%2§ﬁeséttﬁ) hrgt t he
| eakagebeaars ios byrepaittesihgnt resistance) is low. It is therefore desirable to
elimnate the short circuits and to subject the photovoltaic elenment to a
treatment for the removal of defects, after fornmation of the transparent
conduct TN phaibattivé/Sefdatfuctor (agerUB s&96s tdesrry %Ftﬁé/ﬂﬁ’?t@falécfrﬁ,at ment 1n

detail. The said treatment adjusts the shunt resistance of the photovoltaic
el enentcaryefsiomprecesson this Fonteshpreferedanatarials aenmubicrystaliine gllicor cnp.

The col | ect Qr, el gctrode. Hggl db’ can_be fo%{e*d on the tr.lanspar ent conductive
| ayer 2057 PRETERSECEY BB I/ "FARL YRGS N °aa’BP[PJ‘,°“8fS'é?°6‘oRE‘,J”8P 'Yt a line
or the typ&€composed@F mierdetyallifé siiebh \ehdedéficbh€@dtoE 8bmpeLAds, ifr ef err ed
exanples of the material formng the collector electrode 205 are Ti

Cr,
Mo, W particulgr CrinSea CulnS:, draks.CotdlifarSy £d5dSdEe, GHBARPIand CdFelCuzTeyer

Past €. particular preference is given here to the use of pin junction types composed of

amorphous silicon.



20 The collector electrode 205 is preferably formed by a sputtering using a
maski ng pattern, by resistance heatin%; by gas-phase deposition, by a
process enconpassing the steps of for ghg a netal film by gas deposition
over the entire layer and using etching to renove superfluous portions of
the film by a process which uses photochem cal gas-phase deposition to
forma grid-electrode pattern, by a process enconpassi ng the steps of
produci ng a marked pattern of the grid el ectrode in negative form and
plating the patterned surface, by a process in which a conductive paste is
applied by printing, or by a process in which netal wires are sol dered onto
a printed conductive paste. The conductive paste used is preferably a

bi nder pol ynmer conprising silver, gold, copper, nickel, carbon or the like
di sper el ook eq houLA o Bréd ol VLot AEH DslflcoRBl AT ayR BLEE 20! Y

i ncl udes polyéster Fesins,” ethoxy resins, acrylic resins, dl'kyd Tesins,

pol yvi nigkmargedfahelteesiliosn té giviees foil, or atbsheat esatnserd ofl aptorpheussilicon #si ns.
Finally, crocodile clips 206 are preferably secured on the conductive

subst r ahe case ofmoyerysiallipssilisenoer s PlasHR 9aPhase aeprsition Withyiserf a

el ectro, LV ; c o X t ocodile clips
206 on %]%Iglec%a nsf uct \l;tg@ﬁ‘%éﬁagtl 'g,&{e:garrég g{‘&ggﬁih,ofdg% él.ﬂ%g %gdpgitrar tag, is

secur edmizyoanystalling! silicum, @r uses i@t platingniont=aroddpositioe, vadusim at e, whil e the
crocodile clips are preferably secured on the collector, el ectrode by using
o oond et SpuaPrng ot Sciepiaiins AR seas obS reRECd AT aTRGHNd.
connection between a netal body and the collector electrode. The

phot ovol tai c el enents can be connected in series or in parallel, in

accor dahhetrensparehtcorductive laysari2{fesaves asrupper eteciiode Tidhe sblaagell di
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mechani cal strength, since i't is the outernost |ayer of the solar-cell

modul e.impurities nib cenerformed iyaasistarmeshealinghapaungleposiionceputtaringul e i s
reliable in Ion%-tﬁrm (F“)#t do?r use....Panes ;suitable for use for the purposes
21 of t?Pe(a}S'Pgsg ¥ PIIAVRAEPER 'PH&W}@“%'P&Q{#’BPBE s'gI ass foils and fluoride
polymer filnms. The glass foil preferably used is a glass foil with high
pernmeability to [ight. Suitable fluoride polynmer foils enconpass in

part i cuhrgther pspeiof the pheloyelaigelemept enwhidhpthe tiansparemondyshiye layer
fluori ' A ' I i de. ' -

tetr af |20 B3t RobR)irmedt iKHl Reinb WieFes oh ShORRILFF bl Bz bhimern the

hexaf | usoridietice pabstrate dricEiRe teardpabérst; obdmdddtiveagrhyle te tHelhdyennEse of

pol yvinylidene fluoride resin is particularly suitable with regard to

veat herthaguriaseaf e sondystive sbsiretemE01 endirite spndiitormity ahthe bpsturast i s
partic WM i i : i

2ot e AAOKE SRR RTRSRAMNEL USRI,

t he fl doss,qwopottipmal tof thiel ouput vditagei Xhisgmeaas thatithe icakdgsiresistanceo subj ect

the foil to a corona.treatnent or, a pl as reatpent, It is also preferable
o use GhHEt BRRPRGIIS o1l Brihereow destable e SRuiaena At oErifa andio
mechani é‘cﬁi‘e%t}tﬁ? @abtbvoﬁarc d18MeRY (] %"e%ttrﬁ%npfb‘? R Fdrh &I RS 'cl>éfé¥ift§,}c &tdred

enbodi nent e present Invention, pane enconpasses at |east one
pol yal kiptrmétien bj ther ydrspareni cinducive tatdryUS Rateat 4 7888 7i0sdascaibes dbist - one

d di t, . [.),.. Th i f | i ght
conbentyas of Hegiien B eletahiii said ineghnel daiunR ReshRnEresnenatine ° '
phot oviHgibfolfli€ BRMentito Frond tb B0BSk M ixtin?, préraBig fronta0 ith SO0HQ Ricai%er ence

€ro
is given to converging | enses which coll ect paral?el i ncident |ight and
~focus it within the focal plane. In particular here, |ight incident

parall ell'het 80!‘3%?09&&&?&'% @(r% ciaxs1 k;eo%#rsh%% c?r% thteht?ar];sopcaa}(len cooinnalu'ctive layer 204.
It preferably takes the form of a grid, of a cone, or of a line or the like, in order to be
an effective electrical collector. 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 termed silver paste.



The converging | enses can be bi convex, planoconvex or concave-convex.
However, particular preference is given to planoconvex structures. The pane
nor eover preferably has the structure 4% a Fresnel lens. The rear wall 105
serves for electrical insulation between the photovoltaic elenent 101 and
the environnment, and for inproving weathering resistance, and acts as
reinforcing material. It is preferably conposed of a material which

provi des reliably adequate electrical insulation properties, and which has
excellent long-termstability and which can withstand thermal expansion and
thermal contraction, and which is 22 flexible. Materials particularly
suitable for these purposes include nylon foils, polyethylene terephthal ate
(PET) foils and polyvinyl fluoride foils. If noisture resistance is

for T, - neslipdtel BEGEAg e 8 o Braty RyMd by ARAURE ARG TRIG LA ' The
fire repatséranee résistadmee medting, by?tPamph@séQrepb@@tibﬁpbwaqﬁobysyéhmp@@si:ﬁ@ar

wal |, a foil-Ian nated, el ect_rog ated iron foil or a foil conposed of
st ai nl ethe gfepspf fararing Ranei@ s By 95 dapesiian ovaithe eptirg layer arg ugigodi nent

f th ' td | yal kyl
(et y oSt (R lbbrnoolly bREnYRE Ind BRE IR Bt wifiB LsgB'e B0 20"
accor di pgotochémicalligas{ghase depiositioarto ferm asghipelectrode platteen, d8capastess t he

external surface of the rear [l, in order to achieve (El further,

i mpr oveRBFAMPASIIAG th 81eRS; A ArocdyGing grmarked: paitesd ohthe arid eirsdiede IBr i n or der
to inhiQi | ; ' f r gar. ture
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pl ast i cpasteaetppliechby PRRtiING, dirley a prodessdp dvhitiasietakyirehaed soldérest entoan al so

be a construction terial .secured on the rear, pane. is type of
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procedure tor Covering the photovoltalic element wth the fiXxing neans uses

heat t ofimepowtie Fhexbindenpalymenmieferablydesdudés polyhsiengesins,sdtboxy resinsjer to
forma foih mhichlis t hen secure thernaIL% on bhe elqﬁent. The d

fi xi ng- e reLns: lyd tasms. RORY MY APetlc EePiie WBRRS: HECWBPRRLAINAARYYe pane
and bet yg&rblichesmsenent and the rear wall, and then consolidated. The

t hermal consol i dati on process can be carried out using known processes,

e.g. vacuumlam nation and roller |amnation.

Finally, crocodile clips 206 are preferably secured on the conductive substrate 201 or
on the collector electrode 205, in order to tap the electromotive force. In a preferred
method of fixing the crocodile clips 206 on the conductive substrate, a metal body,
e.g. a copper tag, is secured by spot welding or soldering on the conductive
substrate, while the crocodile clips are preferably secured on the collector electrode
by using a conductive paste or tin solder 207 and 208 to make an electrical
connection between a metal body and the collector electrode.

The photovoltaic elements can be connected in series or in parallel, in accordance
with the desired voltage or current level. The voltage or current level can also be

controlled by introducing the photovoltaic elements into an insulating substrate.

The pane 103 in Figure 1 is intended to have maximum weathering resistance,
maximum dirt repellency and maximum mechanical strength, since it is the outermost
layer of the solar-cell module. It is moreover intended to ensure that the solar-cell

module is reliable in long-term outdoor use. Panes suitable for use for the purposes



23 preferably up to 80C or higher, and it is in particular high
tenperatures here which permt effectijye utilization of the heat-resistance
effect of the materials according to t%;le i nvention. 24 Patent clains: 1.
Use of a) at |east one polyal kyl (nmeth)acrylate and b) at |east one
conpound according to fornula (1)

of the present invention include (reinforced) glass foils and fluoride polymer films.
The glass foil preferably used is a glass foil with high permeability to light. Suitable
fluoride polymer foils encompass in particular ethylene tetrafluoride-ethylene
copolymer (ETFE), polyvinyl fluoride resin (PVF), polyvinylidene fluoride resin
(PVDF), tetrafluoroethylene resin (TFE), ethylene tetrafluoride-propylene
hexafluoride copolymer (FEP) and chlorotrifluoroethylene (CTFE). The polyvinylidene
fluoride resin is particularly suitable with regard to weathering resistance, while
ethylene tetrafluoride ethylene copolymer is particularly advantageods with regard to
combination of weathering resistance and mechanical strength. In order to improve
adhesion between the fluoride polymer foil and the fixing means, it is desirable to
subject the foil to a corona treatment or a plasma treatment. It is also preferable to

use stretched foils, in order to achieve a further improvement in mechanical strength.

For the purposes of one particularly preferred embodiment of the present invention,
the pane encompasses at least one polyalkyl (meth)acrylate which preferably further

comprises at least one compound according to formuia (1).

The pane is moreover preferably a light concentrator, which concentrates light with
high efficiency on the photovoltaic element, i.e. achieves high irradiance. Particular
preference is given to converging lenses which collect parallel incident light and

focus it within the focal plane. In particular here, light incident parallel to the optical

axis is focused at the focal point.

The converging lenses can be biconvex, planoconvex or concave-convex. However,
particular preference is given to planoconvex structures. The pane moreover
preferably has the structure of a Fresnel lens.

The rear wall 105 serves for electrical insulation between the photovoltaic element
101 and the environment, and for improving weathering resistance, and acts as
reinforcing material. It is preferably composed of a material which provides reliably
adequate electrical insulation properties, and which has excellent long-term stability

and which can withstand thermal expansion and thermal contraction, and which is



in which the noieties Rl and R2 are independently an al kyl or cycl oal kyl
noi ety having from1 to 20 carbon atonﬁ% for the production of solar-cell
nodul es. 2. Use according to daiml, aracterized in that the noul di ng
conposition conprises at | east one Cl-C18-al kyl (neth)acryl ate honopol yner
or Cl1-C18-al kyl (neth)acrylate copolyner. 3. Use according to Claim 2,

- characterized in that the noul ding conposition conprises at |east one

copol ymer whi ch enconpasses from 80% by wei ght to 99% by wei ght of nethyl
met hacryl ate units and from 1% by wei ght to 20% by wei ght of Cl1-C13-al kyl
acrylate units. 4. Use according to Claim3, characterized in that the
copol yner enconpasses nethyl acrylate units and/or ethyl acr Iate units. 5.

Use accﬂ%b!ﬁg'\/taéeraals|p@aaulameswiabﬂ%@rﬁhéé%aumw@san%de@M&n etieri zed in

that a |et|es R1
and R2 ar ggﬁﬁ%%ﬁgt%d%ﬁb@gg%aﬁt{/ﬁ%%ngﬁ 9 %@?ﬂ%ﬁgﬁgge&m E’Q’\‘?E’%g“ roml to 8
car bon misist@ncebis dérpandedritisnyeferalle tbefsetalommlmfn Itah&naledqmwml fluarids

characterized in that a corg und according to for is used in which

t he noiBilp.calupniyrycested RE | fols; HW'“C@E‘W!de‘ﬂ?%B?IPET E"d'ﬁr EB?[f""el butyl,
2-b |
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1- decyl laninatedy blectrogiated jrodddikow & foipeompdsed bf stairdesosigel.gr oup. 7. Use

according to at | east one of the preceding clains, characterized in that a
conpound according to fornula (1) is used in which the noieties RL and R2

are a Cly&‘tﬁ@rﬂﬁﬁbseé:bfﬁéﬁ’é)ri%gtloulé%bﬁ%r% anchmé)%)ﬂ mnc ?dé‘é hr;?;{ﬁn\fi'onf”

cycl ooctyl group, optiona havi'ng groups as
subst i ttherrear wall encompasses at least one polyalkyl (meth)acrylate WhICh preferably

further comprises at least one compound according to formula (I).

There can be a supportive plate secured on the external surface of the rear wall, in
order to achieve a further improvement in the mechanical strength of the solar-cell
module or in order to inhibit buckling and deflection of the rear wall caused by
temperature changes. Particularly preferred rear walls are stainless-steel sheets,
plastics sheets, and FRP (fibre-reinforced plastics) sheets. There can also be a

construction material secured on the rear pane.

This type of solar-cell module can be produced in a manner known per se. However,

a particularly advantageous procedure is described below.

A preferred procedure for covering the photovoltaic element with the fixing means
uses heat to melt the fixing means and extrudes this through a slot in order to form a
foil, which is then secured thermally on the element. The fixing-means foil is
preferably introduced between the element and the pane and between the element

and the rear wall, and then consolidated.

The thermal consolidation process can be carried out using known processes, e.g.

vacuum lamination and roller lamination.

The operating temperature of the solar-cell module according to the invention is



8. Use according to at |east one of the preceding clains, characterized in
that a conpound according to fornmula (11) c/o ( NH UN(Il) C2H5H5C20 i s
used. 9. Solar-cell nodul e, enconpassi nmoul di ngs, conprising a) at | east
one pol yal kyl (nmeth)acrylate and b) at |east one conmpound according to
formula (1)

preferably up to 80°C or higher, and it is in particular high temperatures here which
permit effective utilization of the heat-resistance effect of the materials according to

the invention.



in which the noieties Rl and R2 are independently an al kyl or cycl oal kyl

noi ety having from1l to 20 carbon atons, 10. Sol ar-cell nodul e according to
Claim9, characterized in that the nogﬁhing is a light concentrator. 11.

Sol ar-cell nodule according to Caim 10, characterized in that the noul di ng
Is a converging lens. 12. Solar-cell nodule according to Claim11,
characterized in that the converging | ens enconpasses a convex region. 13.
Sol ar-cell nodul e according to Claim12, characterized in that the
converging |l ens has a planoconvex structure. 14. Sol ar-cell nodul e
according to Claim 13, characterized in that the converging lens is a
Fresnel lens. 15. Solar-cell nodule according to at |east one of Clains 10
to 14, Ratenhelddmszed in that it noreover, enconpasses a photovoltaic
elemsnt1 1936%9Iar-cell nodul e, enconpassi ng

a) at least one polyalkyl (meth)acrylate and

b) at least one compound according to formula (1)

0] @)
O 5O
R OR

in which the moieties R' and R? are independently an alkyl or cycloalkyl moiety
having from 1 to 20 carbon atoms,

for the production of solar-cell modules.

2. Use according to Claim 1, characterized in that the moulding composition
comprises at least one C4-Cqg-alkyl (meth)acrylate homopolymer or C4-C4g-alkyl

(meth)acrylate copolymer.

3. Use according to Claim 2, characterized in that the moulding composition
comprises at least one copolymer which encompasses from 80% by weight to
99% by weight of methyl methacrylate units and from 1% by weight to 20% by
weight of C4-C4p-alkyl acrylate units.

4. Use according to Claim 3, characterized in that the copolymer encompasses

methyl acrylate units and/or ethyl acrylate units.

5. Use according to at least one of the preceding claims, characterized in that a
compound according to formula (1) is used in which the moieties R'and R? are _

independently an alkyl or cycloalkyl moiety having from 1 to 8 carbon atoms.

6. Use according to at least one of the preceding claims, characterized in that a
compound according to formula (I) is used in which the moieties R'and R? are a

methyl, ethyl, propyl, isopropyl, 1-butyl, 2-butyl, 2-methylpropyl, tert-butyl, pentyl,



a) at

| east one photovoltaic el enent b) at | east one converging | ens,

conpri ses at |east one polyal kyl (net crylate, and c) at |east one
transparent pane, which conprises at |“ast one conmpound according to
formula (1) in which the noieties RL and R2 are independently an al
or cycloal kyl noiety having from1 to 20 carbon at ons.

2-methylbutyl, 1,1-dimethylpropyl, hexyl, heptyl, octyl, 1,1,3,3-tetramethylbutyl,

nonyl, 1-decyl, 2-decyl, undecyl, dodecyl, pentadecyl or eicosyl group.

Use according to at least one of the preceding claims, characterized in that a
compound according to formula (1) is used in which the moieties R' and R? are a
cyclopropyl, cyciobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl group,
optionally having branched or unbranched alkyl groups as substituents.

Use according to at least one of the preceding claims, characterized in that a

compound according to formula (l1)

6] 0]
NH HN@ 0

C,Hs  HC,0

is used.

Solar-cell module, encompassing mouldings, comprising
a) at least one polyalkyl (meth)acrylate and

b) at least one compound according to formula (1)

0] O
OO
R OR

in which the moieties R' and R? are independently an alky! or cycloalkyl moiety

having from 1 to 20 carbon atoms.

10. Solar-cell module according to Claim 9, characterized in that the moulding is a

light concentrator.

11. Solar-cell module according to Claim 10, characterized in that the moulding is a

whi ch

kyl



12.

13.

14.

15.

16.

26

converging lens.

Solar-cell module according to Claim 11, characterized in that the converging

lens encompasses a convex region.

Solar-cell module according to Claim 12, characterized in that the converging

lens has a planoconvex structure.

Solar-cell module according to Claim 13, characterized in that the converging

lens is a Fresnel lens.

Solar-cell module according to at least one of Claims 10 to 14, characterized in

that it moreover, encompasses a photovoltaic element.

Solar-cell module, encompassing

a) at least one photovoltaic element

b) at least one converging lens, which comprises at least one polyalkyl
(meth)acrylate,
and

c) at least one transparent pane, which comprises at least one compound

according to formula (1)

0] O
= 0
R OKR

in which the moieties R' and R? are independently an alkyl or cycloalkyl moiety

having from 1 to 20 carbon atoms.



