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' *jﬁencepsulation-materials provided for it A procedure for- itsaiu
'-manufacture is also disclosed according to the invention.-- "

T Pn'x__oa. _o'p'- _;.rx_!'H_E 'AR'-T--'

fPhotovoltaic modules are’ used for generating electrical energy
'Ifrom sunlight The energy is generated via the solar: cell .
system, which preferably conSists of silicon cells; However,"
_'7these can only carry a slight mechanical load, so. that they -
i';must be-. enveloped -on. either Slde by encapsulation materials.
-fEncapsulation materials can be one or:more layers of glass
‘ ‘and/or plastic films and/or plastic film composites.

'ufPlaSthifllm composites essentially comprised of polyvinyl
BT ffluoride PVF) and polyethylene terephthalate (PET) are
_fffiproduced Ty'the applicant under the designation ICOSOLAR,.and
: ﬁ-ﬁ?used ‘to! manufacture photovoltaic mpdules in.a :;-
- fvacuum-lamination procedure disclosed in ‘WO=A1- 94/29106 In.
B 'fthese modules, the solar cell system is proLected not only
s _3Hagainst mechanical damage, but also against exposure to the -
S '.elements, in particular water vapor. An intermediate layer-
E ‘made out” of: aluminum is provided in the ICOSOLAR film
~composite as a barxier layer against water vapor However, the
disadvantage to this layer is that it is electrically
-conductive in conjunction with ‘the solar cell system, 8o that
undesired outside currents in the,photovoltaic module come

ahout.
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g zfﬁjTherefore, the“object of the invention 1s to provide a
_,T;n?photovoltaic modnle of- the kind mentioned at the' outset which

h;cTédoes not exhibit- this shortcoming, but is largely 1mpermeable
S LN water vapor.-ff“ : ER '

_____-___'ntscaranon OF THE NVENTION-- :

.....

fﬁThis object.ie achieved according to the invention by means of
B Q;*a proposed photovoltaic module, characterized by the’ fact that
L :at least one encapsulation material 1ayer consists of a’ ’
: Eeealing and’ barrier layer, and.that-the" barrier layer is.made
" ... out of.a plastic film or a plastic film composite, which is
;*fprovided on the side facing the solar cell system with an
-;inorganic oxide layer separated out of the vapor phase..

i'JAnother;advantage to the photovoltaic module according to the
T'invention ‘is that’ the inorganie oxide layer consists of the

_ elements aluminum or 5111c0n, and is present in a thickness of

_i;JBO to’ 200 nm, . The organic oxide. layer .also ekhibits the .

“Q advantage that it is- permeable +o" light beams in the visible
_.flight wave ‘rarge and:near UY-wavelength- range, while it
"absorbs them at shorter wavelengths in the UV wavelength

L range.; L : '

¢ _ jThe photovoltaic module according to the invention also
S ,_exhibits the advantage that the sealing layer is arranged
"between the solar cell’ system and the barrier layer, and
'.preferably consists ‘of ethylene vinyl acetate (EVA) or
1onomers. :

___According to the 1nvention, the plastic £ilm on which the
'-inorganic oxide layer is deposited additionally consists of
'polyethylene terephthalate (PET) "or ethylene
'tetrafluoroethylene ‘copolymer (ETFE) ' -

Othexr advantages of the photovoltaic module according to the
invention "are that the inorganic oxide layer faces the solar
cell: system, and contacts the adjacent sealing layer directly
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“ﬁ_f;QIn addition, the inorganic oxide layer is enveloped by plastic

£iims - -OF oomposites on: both sides according 'tq the invention,_; gf-g

"7-J:Hwherein at le stfone plastic film or one plastic film

13)5

_if{bj;{g
'“'V“V-Tencapsulatien materlals to be layered in such a way that
"the - sealing layers envelop the solar cell system on both'

s

.:dj-

e)

5iinorganiciox de layer;,dvantageously contacts the plastio

: “{;inlms or composites Via an adhasive layer and/or a hybrid
"-:'1ayer compzised of organic/inorganic networke._' '

__A"JTAccording to the invention, the 1norgan1c oxide layer consists :
_._;:f] of: SiOx, wherein the atomic ratio of silicon to oxygen X lies '
”"Vﬂ;-w1thin 2 range of 1. 3-1 i ;”?;'. | SR

! 'The invention also relates tc a procedure for manufacturing a'
5”phctovcltaiC'module, wherein it 1s beneficial for.

.a plastic film or’ plastic film. composite to be provaded
'with an inorganic ox1de 1ayer separated out of the vapor
phase' .:'7 -':..:-': T ‘ A : ’ o .

a: module stack comprised of" the solar cell system and

-.Sldes,

'.tnis mcdnle staok'to'be incorporated into a loading
.station of a process arrangement in which it is kept at a
":temperature below the distortion temperature of the

sealing layers,.

'thé'moduleIStack to be transported to a vacuuym laminatot -

in this arrangement, which is evacuated, and in which the

" module stack-is heated to the distortion temperature of

the sealing layers, and

the comp051te formed out of the module stack, after
ventilating the vacuum laminator without recooling, to be
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: 'f{;transported to & hardening furnace, in- which the sealing
;'. :_1ayers are hardened, ‘80, that a laminate is formed as. a. L
:photovoltaic module, which 'can .be removed from the '
ﬁﬁcontinuous process after recooling, '

-"BRIEE'_.DESCRIPTION os' DRAWINGS

':ﬂ-The invention will now be described based on Fig. 1 to 4._

"iffrFig. 1 shows the structure of the photovoltaic module 1
.faccording to the invention, which consists of the solar cell
.- systiem 2 and, the encapsulation materials 3, 3 enveloping the
1;;jsolar cell systems. ‘The solar cell systems 2 1s made out of a
: ”;J“series of silicon cells 8,. which are soldered in series to
'*;j;gform groups by means of bonding wires 9. The - encapsulation
hfnmaterial 3r consists of the plastic sealing layer 4’ and the
S ';plastic film or plastic film composite 6, which exhihits the
i :i#TOdee layer 7 separated out: of . the vapor phase -on the. surface
,.;f;?ffacing the solar cell system 2 This layer structure is
l:f Q;designed with wI*. The’ encapsulation material 3 can be made
24 out of layer 5, for ‘example, which can be a glass layer or-
:Mt:?plastlc £1lin - composite similar to 6, and a plastic sealing
fﬁ_llayer 4, SN - S .

. . AT T, . T, AR
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‘{'Tf?eFig. a b additionallY shows variants -Ia and Ib which can .
: ”-',replace the 1ayer structure accordlng to- ,I%. '

'=In variant Ia (Fig. 1a), the inorganic oxide layer 7 is

'if_'connected with an. additional plastic film or plastic film
.compasite 11 ‘via an ‘adhesive layer 10 and/or a hybrid layer
;:comprised of organic/inorganic networks

In variant ib (Fig. 1b), the inorganic oxide layer. 7 exhibits
. an additional primer layer 12, which as a result establishes -~
the connection to the sealing layer ar,

'.Fig. 2 shows an arrangement 13 for laminating the layers shown
in Fig. 1 for manufacturing.the photovoltaic module 1



5ﬁ,3e:according to the 1nvention- It uhese the 1oading station 14

AR Whlch the module stack l can ba, placed on the carrier plate 3
Iﬁ;l'15 moved by the transport system 15, - as well as the vacyum
o daminiator 17 with the' fixed upper part 18 and: lowez.part 15 - EhES
x_:althat can;be raised and 1owered usinq the hydraulic arrangement’=lf7::.
iﬁifzo‘ Temperature' pressure apd retention time are set An the . -

g f?vacuum”laminat°r 17 via ‘contral’ system 22, In addltion, Fig- : ;

if;ﬂ:55h°"5’thé hardenlng furnace 23, whose temPerature 1is set via Ty
'?Jf"centrolfSyEtem 24, the Coclrng area 25 whose temperature can

;'?be ‘set. via ccntrol system 25, ‘and: the removal area 27

Lﬂ?;jﬁFig._3 shows the air permeabxlity of a plastic film 6
{ .'1ﬁ'vapor—plated with an inorganic oxide layer 17 in different
nbgzwavelength ranges. : : o

'f:Eig. 4 shows the extent to which the phetovoltaic module 1

'?:;lacc°rding to the 1nvent10n improves ‘the- barrier effect

'Jﬂ_relatlve to water vapor..due-to . the oxlde layer 7 separated
"ﬁ:from the vapcr phase.:f'. e : . S
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AR ONE WAY TO'PERFORM THE'INVENTION

'FZThe invention will now be described in m9r§fﬁé§aii“5as§é_aaf o

_jf*In a first procedural step:;the barrier layer 6 exhihiting the
__;*inorganic oxide layer 7 is formed In this case, the structure -
';can be - selected based on the folloW1ng table, with the U

'i}sequence running from the. cuts;de in, i e., in the- direction

"1.{?}mAaLEa'Egeﬁ'lésfaéd'

'":f?iof the solar cell system'

':ffExample a

;Barrier layer 6: Composite comprlsed of polyvinyl

ﬂﬁfluoride (PVF), polyethylene terephthalate (PETP) 1n film

TInorganic oxide layer 7 SiOx or A1203 .
;fSealing layer 4’ . -

' Example b

;ﬂBarrier layer 6- , : : . : .
-tPlastiq film comprised of ethylene tetraflucroethylene._.’;'
chopolymer (ETFE) [ : .
'fInorganic oxide layer 7 SiOx or A1203

-Seallng layer 4 R 2

Example ¢ .’
: Barrier layer 6 Comp031te comprised of PVF and PETE
'jInorganic oxide layer 7: Si0x or Al203 '

RHybrid': layer comprlsed of organic/inorganic netWOrks 10’

Adhesgive layer '10: e g., polyurethane
Plastic film or plastic film composite 11
Polyvinyl fluoride (PVF), polyvinylidene fluoride (PVDF),

_Ethylene tetrafluoroethylene copolymer (ETFE),
.Poyethylene terephthalate (PETP)
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L Example d

.TTgBarrier layer G. CQmposite comprised of PVF and PET? .

- {Primer coat 12. e g.,'polyurethane, ethylene v1nyl
.-acetate (EVA;, polymethyl_methacrylate (EMMA)

:”As evident from the table, the barrier layer 6 can consist of
,'-;a single plastic film aeeording to Example b), and of a.
'..plastic film eompoSite according to Example a)

“'Preferably used as the sealing layers 4'_are ethylene Vlnyl
facetate (EVA). films, which yield slightly during ‘heat

"-;treatment, as a result of which they become cross- 1inked,-

‘which prevents the plastics from'creeping..

'lonomers exhibitzparticularly'good"sealing'properties.'These
-are polymers with jonic’ groups, which have. a- low water vapor

';permeab1lity in addition to good adhesive properties.

”The 1norganic oxide layer 7: 1s now generated on. the PETP
plastic film (see Example a) per table) in a thickness of 30
to 200 nm through vapor separation under a vacuum (not shown),
A vacuum coating system (not: shown) is used to this end, for
example. To ensure a satisfactory adhesion between the ‘plastic
film surface and the inorganic oxide, the surface of the
plastic film 1s pretreated in a plasma consisting of oxygen
gas (99.995 % purity) '

Stoichiometric quantities of aluminum oxide (99,9 % purity) or
silicon monoxide (99. 9 & purity) are used as the coating
material, for- example, and evaporated using electron heams
under a vacuum. The enerxgy used during evaporation measured 10
keV, for example, attan.emission=rate of up to 220 mA. The




fﬁgnow envisage tha'gl
::Silicon oxide layer, be An direct contact with Seallng layer
-ﬂqf; which enaures a satisfactory coupling. In this case, the
atomic ratio between silicon and oxygen can be varied as
f.deeired. : ' ' g ' SR

- J}thickneaz.ef.thenﬁ
7¢§range of" aa"to 200" nm by varying the evaporation rate or speed:
.of- the plastic films or plastic film composites moved. Via =
'=[rollers,ﬁ.:4j — S : : -

".ﬁFor example,"a speed pf 5 m/min is selected in the laboratory

for. fabricating ‘a 100 nm’ thick SiOx layer, while a speed of .

, i 2.8 ‘m/min must be selected to. manufacture a. 40 nm thick Al203
‘fi;layer. The' evaporation rate here measured upr to 70 nm/sr the
_:pressure used’ during evaporation was about 5%10=-2 Pa. During
Zindustrial manufacture,_speeds of 100 times or. more faster can
ﬁbe set. ' SR ' ' ' ' Sl

:;3The plastic film pr0v1ded with the inorganic oxide layer, for
rﬂfexample made out of PETF, can now be laminated Wlth the other
-ﬁiplastic ﬁilm fo ?manufacturing the plastic film composite, for
':f;example made:out of PVF (see Example a) per table)

'ﬂ:The variants of'the invention according to Examples a) and b)

the inorganic oxide layer 7, preferahly a



;".?;silicon/oxide ayer. A t

“ﬁ.However, ifsthe jnorganio or 'layer, preferably the .
he photovoltaic module according to
“thea: invention'is:intended'to additionally engyre a UV. - .o’

- @ﬁ{filtering effect, it is necessary to control the atomic ratio

SPREN & silicon to oxygen during evaporation in such & way that the-"-

'w.i¥fshare of oxygen X lies between 1 3 and 1 7.-:

{;In addition to the above oriteria, e g., selection of the
'starting products in: a stoichiometric quantity. ratio ‘or’

' hfﬁevaporation speed, this can also be . accomplished by

',;additionally supplying oxygen in the form of a- reactive gas.

;;fduring evaporation. This gives rise to & highly transparent
.taxide: 1ayer in-the visible 1ight wave range, . which- still

'”'abSorbs uv rays, 50 that the Uv-sensitive sealing layers 4"'
‘.are also protected._ : :

Zf%fThis;is_explained in.greaterioetailtinﬂftg. 3.

";lgFig. 3 shows the light permeability of an ETFE plastic film,
'--ﬂiwhich exhibits. a 320 nm thick ‘8i0x layer as . the” inorganic

' foxide layer._This makes it evident that the Si0x coated .
-fplastic £ilm is’ practically impermeable to light in the: UV
?frange-below 350 nm light wavelength An uncoated plastic film

;Ef°f the same. constitutlon (not shown) would not absorb light in
"*Tthis range, however- Startlng at 2 light wavelength of 350 nm,

i‘the ETFE film coated with SiOx starts to let the incident
_ﬁilight through A, Significant transparence can pbe observed.
,plstarting at about 450~ nm An the blue-violet portion of the
"speotrum of VlSible light A high transmiSSion is observed

. over the remaining visible light range, which only diminishes

. again in the ?»n_.frare—.d. range.

_ 'The folloWing degrees of freedom are available to obtain

: properties of the photovoltaic module according to the
invention, such. as high light transmission in the visible and
. near-UV range given a simultaneous blockage of light in the
shorter-wave UV range, and also a high barrier effect against
.water vapor: S
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Jiﬁ;ii.Yafiationﬁoﬁfinorganfo oﬁi@é?iayerﬁtﬁichnees;:'

?3';In this case, light permeability can he advantageously

wvjfriinfluenced inﬁgood approximation according to the '
':mfhambert-ﬁeerxs Law L e : _

.........

ln(I/IO) .e-4pkdl-1

_ef;flight intensity allomed through

= radiated intemsity, .. © i .. :

: fiﬂwavelenqth—dependent absorption coefficlent, . _

: “.1ayer thickness of vapor-deposited inorganic oxide._:
o layer,. o '?'-';1-, o |

'Qlﬁ;ﬁ, light wavelength.;:_ﬁﬁfﬁfﬂ‘

'{éf;Variatlon of oxygen content (x) in the inorqanlc ox1de

”:::layer, preferably SiOx 1ayer--'.“

'"fQIf x 1s increased from the value of 1 3 accordlng to Plg. 3,*

'using other vapor deposztion conditions, -the’ transmiSSion of

,:the material will be higher by the wavelength rande of 400 nm
**5Without having to change the layer thickness. '

-ﬂValues for 3 of 1 7. for example. can be set’ by adding oxygen

-“whlle simultaneously incorporating electromagnetic energy 1n

" the- form of microwave radiation.

'Therefore, varying the layer thickness and oxygen content
parameters enable the Simultaneous Optimization of values for

"”“transmission in” the ‘visible 'light range; the’ barrier effect in

jthe ultraviolet ‘range, and :the barrier effect relative to
‘water vapor.,

‘In addition to the selective:atomic ratio'of silicon to
oxygen;'resistance to.atmoSpheric corrosion during outside use
of the photovoltalc module according to the invention is also
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:ffﬁf&ensured by enveloping the inorganic oxide layer 7 on’ both
7;fgisides with plastic filma or plastic film comp051tes,_"

iEﬂIn Fiq. 1, variant Ia, for example, this 4s done by having thef-:“
:-fbarrier layer 6 exhibit the inorganic layer 7, ‘which- An turn.

48 in gontact with: another plastic film or plastic £ilm

fll via adhesive 1ayer 10 In this case, adhesive

icompagiti

_ﬁ;ff#layer 11_ean be provided alene or:; in. combination’ w1th a layer :
Tpr ‘comprised of hybrid layers of inorganic/organic networks. |
f#jﬁ These networks are inorganic/organic hybrid- systems based on
'fifalkoxy siloxanes, for example. They exhibit a &lose crosslink
“}Eidensity, and hence a high barrier effect relative ta water
-mzivapor, and at the same: time adhere satisfactorily to the SiOx

'E;;exposure to the elements. In this case,hthe arrangement for-

.f;layer.-u

.:°fFurther, the plastic films according to Example c) can be
gfcorrespondingly selected.from the table, so that they .
-additienally act to protect the -8olar. cell system against

'filtthe solar cell,_ystem according to. Fig. 1/Ia cédn alsc be _
;:fﬁgselected in such a: way that the ‘barrier. layer . 6 is adjacent to
" sthe sealing layer 4, while “the- plastic film or plastic film

':#;composite ll forms the outermost 1ayer-in the module StaCk'-

';fIn addition, it is also possible to bring about a satisfactory

"gﬁresistance to-. atmospheric corrosion using a primer coat 12

lmade out of plastic, Wthh is arranged hetween the sealing
_'layer 4’_and the inorganic oxide layer 7 according to Fig.
1/varianL Ib and Example d} from the table.

- All variants -can now be used in the laminating procedure with
" the help of arrangement 13 according to Fig. 2 in order to
~1produce the photovoltaic module 1.

One variant will now be presented as an example.

The barrier layer 6 provided with the inorganic layer 7 is
' layered with the plastic sealing layer 4', the solar cell



--f;-'deslgned MAxe EXTERIOR are suitable. R

._’This module stack is now incorporated into the arrangement 13 -
" for 1amination according to Fig._z In this case,_the module "

--stack’ 1 is placed on the carrier plate 15 at ‘the.. loading '
'*-station 14 which lS kept at room temperature,'or a maximal

'-f'temperature of 80 °C.J

“fﬁuaAfter the”module:”

The top and bottom side of the module stack 1s provided with
separating films tnot shown) to prevent adhesion to the
carrter plate 15 and remaining system parts.. '

ack 1 has been placed on carrier plate 15,
the latter is- conveyed into the vacuim 1aminator 17 via the.

= transport syatem 16, for example a chain conveyor. The

' _temperature of the heating plate 21 is kept- at a level therein

-'_ correspcnding to the softening point of . the plastic materials

| used in- the sealing layer by means of an external control
system 22. The hydraulic arrangement 20 presses ‘the heating
'_plate 21 against ‘the cdarrier plate 15, so that the flow of
heat insrde the carrier plate brings the plastics sealing
layers 4, 4"1n the module stack to their softening point.

After the. laminator 17 is closed, the external controllex 22
applies a. vacuum. The evacuation removes. alr and other
volatile constituents from the module stack, thereby ensuring
a bllster-free laminate This is followed by ventilation,
which presses the flexible membrane (not shown) against the
module stack.

After a defined retention time of the module stack 1 inside
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'ﬁ‘fthe vacuum 1aminator 17 the‘latter is ventllated, and the

'“-fmodule stack is't

ransported into the. hardening furnace 23

ffiﬁwithout,any additlpnal pressing power. The latter is® kept at a
'”i:j%defined temperature therein by the control system 24, 80 that
::ﬁ“the sealing 1ayere 4np the module stack harden after a’ defined
_""ftretentlon time, @nd a laminate 'is - formed that is. subsequently :
'.:'fcooled to- room temperature L the coollng area 25, The
fjf?fhardened 1aminate is take off of the carrler plate in the.
.ff;;removal area 27, and the recooled carrier-plate can be routed
R }-.fback ta’ the loading station 14. -

:"“fThe photGVoltaic module 1 aecording to the 1nvention can

"Eiexhibit so-called thin—film solar cells instead of the

jﬁjcan be connected w1th the encapsulatlon materlals 3, 3' v1a
'-;3press molding or calendaring. These thin-fllm solar cells are
“ﬁfnot susceptlble to breaking, they are susceptible to- water,'

wahich ‘makes the solution proposed 1n ‘the 1nvention

l;;j;particularly worthwhile.grﬁﬁgv
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2 Glass ~ co ST
o “'?g Thinvfilm solar cell made out of
S amorphous silicon

‘*T_EVAZ? SeoTln ' -
; ETFE plastic film with lnorqanic SiOx o
oxlde layer 7 o

Example Eyy TR
" Layez’ 5_,_:"1T?f"5:' Glass _ oo
Solar cell system 2% Thln-fllm solar cell made out of
T e . - amorphous sillcon
. Seallng layer 4"‘«1 -BVA ~
Barr;er layer 6. " PVD/EET plastlc £ilm composite and
: : . 1norganic SlOX oxide layer 7 -

.;fIn Examples e) and f), the thin-film solar cell system is
'Zprotected against water vapor by the barrler layer 6., However,.
‘lsince the latter is not’ susceptlble to breaklng, the
'faddltional seallng layer 4 can be - omitted.

N L

o chMERcIAL'APPLICABILITY

' The photovoltaic modules fabricated with the procedure
according to the invention are used for generating electrical
lenergy out of sunllght They have various appllcatlons,
-ranglng from small power plants for emergency call boxes or
‘mobile homes via structurally integrated roof and facade

. 'systems, to large-scale plants and- solar power facilities.



_ﬁf'flwith respect to outsiQe applications, it has been shown that
... the barrier effect relative tomwater vapor is significantly

| "*§Pig. 4 explains this in greater detail.;

:f-iimproved by the oxide layer separated out -of’ the vapor phase._

,’iIn this case, uncoated films (1eft column on abscissa) were
"compared Wlth SiOx coated films (right ‘eslumn- on ‘the. abscissa)

"Tf:;with respect to their water vapor permeability in g/m2d

'lfAs evrdent from thls comparison, the water vapor permeabillty

;g[{fcould be reduced to about one tenth the value of .the- uncoated
p['ff;materiai for type RN 120 PET. and to 1/25 for type’ RN 75.-The
;?h#fEWater vapor permeability 1s even reduced by a factor of about
ffﬂiéiloa for ETPE WLth a material thickness of 20 rm



'“A photovoltaic module 1. 4
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-asg the cere layer exhibits Y solar cell system 2 and

5a'{encapsulation materials 3, 3 applied °n b°th .Sides of .

E:the latter, characterized by the fact that at least one -
“,encapsulation material layer 3 consists ‘of a“ sealing

b -layer ¢’ and a barrler layer 6, and that. the barrier

'-vgflayer 6. consists Qf a plastic film or a: plastic film

composite, which exhibits an inorganic oxrde layer 7

gseparated out of the vapor phase.lu I

A photovoltaic module according to claim 1, characterized

,by the - fagt that the inorganic oxide layer 7 consists of -
_ the elements aluminum or silicon, and is present in a _
'j;;thickness of 30 tc 200 nm.;?; e

na A photcvoltaic module according to claim l or 2,
flrcharacterized by the fact that the inorganic oxide layer
' . is permeahle to: light beams in the v151ble light wave
;range and near. UV wavelength range, while it absorbs '
”these Beams in- the uv wavelength range at shorter

wavelengths."'

. njA photovoltaic module according to one of claims 1 to 3,
'_characterized by the fact that the sealing layer 4‘ is

-arranged between the solar cell system 2 and barrier
layer 6. - ' ' ' '

A photovoltaic module according tofclaiml4, characterized

. by the fact that the sealing layer_4f consists of
' ethylene vinyl acetate (EVA) S - '

A photovoltaic module according to claim 4, characterized
by the fact that-the sealing layer:4’ consists of
ionomers.' o '

A photovcltaic module according tosone of claims 1 to 6,

NTTLLL N

"xﬁ;orm of a 1aminate, which

-~
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_characterize y ‘thi :fact ‘Ehat. the plastic film on- which
Tm_:the.incrgan oxideilayer is deposited consists cf .
ST :-polyethy.‘[.ene _terephﬂ:balate (PET) or eth lene Th1s SheetHasBec—n,lie laced -

: .-j-';tetraflu. rcethylene copoiymer (ETE‘E} “IIII IIII" |I|I II
['B,}'.A photovoltaic module according tc one of claims 1 to- 1,
'-.:;7 faces the solan cell system 2 and directly contacts the

Tﬁadjacent sealing layer 4.

'Qé’f?A photovcltaic m@dule according tc .one of claims 1 to7,

e ?characterized by—the fact that. the: inorganic oxide layer

'"otff7~g_ces the solar cell syStem 2. and contacts the adjacent
5.ﬂ_sealing layer 4' v1a a primer coat 12 '

*.1g=g;A photcvcltaic mcdule according Lo one of claims 1 to 7,
' jcharacterized by the fact that the inorganic oxide layer
";fcomposites 6, 11, wherein at least one plastic film or
'"ifplastic film composite acts as.. the barrier 1ayer 6.

'11;';A photovoltaic module according to claim 10,-- -
”-”';characterized by the fact that the: incrganic ox1de layer
;pv contacts the plastic films or composites 11l via an
£ ”adhesive Jlayer- 10 and/or a hybrid. layer ccmprised of
¢ 0 f:organic/inorganic networks 10, '

12. 'A photovoltaic module accordinq tc one of ¢laims 1 to 11,
RS characterized by the fact that the. inorganic oxide layer
7 consists of 8i0x, wherein the atomic ratio of silicon
to. oxygen x lies ranges from 1. 3 to .7,

13. A prccedure for manufacturing a. photovoltaic madule
' according to one of claims 1 to 12, characterized by the -
fact that ,.4“-'

a).ﬁa plastic.fiim or plastic film compasite 6 is
provided .with an inorganic layer 7 separated out of

P
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_hf1 at a'temyerature below the softening point of the‘
'. ;sea11ng layers 4, 4 'y that  $ :

Ty

-

fthe module stack ‘is transported to - a vacuum lamlnator

17 of thls arrangement 13, which is evacuated, ‘and in

_- L ) -.whlch the module stac,k J.S heated to he softenlng
'.;f{p01nt of the sealing layers 4, 4' and that_

)

:after the vacuum 1aminator 17 has been ventllated

fwithout recooling, the ComPOSLte formed out of- the:

”“jmodule stack 15 transported into the hardenlng

,lfurnaoe 23, in’ which the’ sealing layers 4, 4’ are
jhardened, 80: that a laminate 2 in the-form of a

f photovoltaic module 15 formed, which can re removed

'.from the continuous procedure after recoollng.
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