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.. Comeback: lsovolta ic from Austria. wf1ich claims il 
was the first company lo intnxluce Tedlar-based bad­
sheets for '" mooules. thinks thal demaoo for flurolXl­
Iymer-rontainting produ:;ts is starting IO ir.:;rease 
a{ìain, . bul not heavily.« Md 1101 based OlI !he originai 
rnree-Iayer Tedlar/PfTtTedlar (TPT) composite. which 

il cons iders 100 expensive. lsovoltaic's products are 
based on po1vamide. 

Text: Dennis Richard 

o Highlights 

• Survey covers 14 companies with 64 
backsheets, 27 using Tedlar 

• 3M introduces polyolefin-based back­
shee! 

• Isovoltaic says its highly-reflective 
backsheets leads lo a 1.5 percen! in­
crease in module pertormance relative 

• Conductive backsheets for high­
effi ciency cells slowly entering the 
sector 
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Tedlar's backsheet 
comeback? 
While Tedlar may be holding steady, non-fluor­
opolymers are showing more competition 

Whal is the slalus ofTedlar? Hard lo say. This 
polyvinyl fluoride (PVF) film, developed 

by US-ba.sed DuPonl PhotovollaiC SoIulions, was 
once the mosl popular prodUCI in the !ayer sand­
wich for sheltering PV cells from the elements. 
The goal was lo mm Ihem lasl for 25 years. 
Base<! on the resullS in our annua! backsheel 
surveys over the years, Tedlar's percentage in the 
mix ofbacksheels based on fluoropolymers more 
than halved from a peak of ~arly 93 percenl in 
2007 lo jusl under 41 percenl by 2012. The drop 
was due in part IO questions aboul how economi­
cal the use of Tedlar was in the prit:e-Io-quality 
ralio. This opened a window of opporlunity for 
suppliers of non-fluoropolymer products, wbich 
are compelilive with fluoropolymers on UV and 
hydrolysis resislance. 

Bui in this year's survey, the percenlage ofback­
sheel models incorporaling Tedlar seems IO bave 
stabilized - indeed a little improved - IO jusi over 
42 percenl. Doe:s!bis mean thal PVF-based Tedlar 
has again proved itself as a mainslay in backsheets? 
Maybe. In 2012, we rtpOrted on 21 companies wilh 
93 backsheets, of which 38 were based on Tedlar. 
For this survey, the number of companies dropped 
by two-thirds IO 14 with jusi 64 backsheets with 
27 using Tedlar in Ihe !ayer. Why the reduction in 
participalion and product is undear. And whtther 
Ihis skews the results is a judgmenl callo 

Those judgments vary. For Alessandro An­
declini, the European business manager al Cov­
eme S.P.A, the reason is thal Tedlar is Iimiled IO 

~niche applicalions ... Thal claim is probably noi 
surprising - the ltalian-headquartered company 
only makes polyesler-based films in the non­
fluoropolymer segmenl Whalever the case, An­
derlini estimales the price ofTedlar-based back­
sheets al 20 percenl above Coveme's polyethyle~ 
lerepbthalale (PE1') products. 

Bui Karlheinz Brusl, the CEO of Krempel 
GmbH, a Gennan company thal sells four PVF­
base<! backsheets, does nOI agtee. Brust stili 
strongly believes thal Tedlar, which he considers 
highly UV and hydrolysis resislanl, will maintain 
its ground as il once did in the pasto For a period 
of lime, ne says, Krempel had less demand for 
Tedlar, . bul now there are lots of oroers.« Brust 
did nOI give any details of the sales. 

Harald Lackner, the vice presidenl of sales and 
market.ing al Auslria-headquartered lsovollaic 
AG, whicb claims il was the first company lo in­
lroduce Tedlar-based products for PV modules, 
thinks!hal demand for such backsheets is starl­
ing IO increase again, "buI not heavily.« And nOI 
base<! on the original three-layer Tedlar/PET/ 
Tedlar (TPT) composile, a sandwich stili offered 
by nine flouropolymer companies. "TPT,« says 
Lackner,.is jusi 100 expensive.« 

Another company Ibal is hot on fluoropo­
lymers is Hangzhou Firsl PV Maleria! Co. Ud. 
base<! in China, and loday the world market.lead­
er for encapsulations. BuI since 2009 Hangzhou 
Firsl has also backsheets on offer. Al; of 2011, il 
bas two products - one with a fluorine coating 
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... ktepted: While several OON p!Xt! 

p:>!yester-based tJacksheelS have been 

offered !or the !aSI lew years, there is no 
OON dewlopnenlS (N1 these PET prodl.lClS. 
Though the compelilion lIas increased 
among the PET sl«Iliers, markel leader 
CoYeme considers this is an indication of 
the material's acceptance as a stardard -

and the other with a polyvinylidene f1uoride (PVDF) film. A1though Ile did 
noI provide sales figures, ero Danial Zhou says that for Hangzhou Firsl, 
its biggest seller is its BEC-301, a backsheet with a fluorine coating on both 
sides of a PET. Nonetheless, be believes that film-based PVDF models are 
more preferred than products using coatings. The reason? Zoou says that 
earlier it was juSl TPT models, but now tbe market is f100ded with Tedlar/ 
PET/ethylene primers (TPE), a simpler solution aimed at redudng costs. 
However, Zhou adds !hat with newer products, there are new risks. 

Evaluating data 

While il is common among major companies IO present the risks associ­
aled with other types of maleria!s !han its own during lrade fuirs, such data, 
which is often generated in-house and under non-standardized conditions, 
has IO be looked al with caulion. 

However, we did look at some materia! properties for the different types 
of maleria! we received for the survey and anaIyzed them. In the data on 
EVA peel strength (table on the top, p. 56), poIyolefins are a dear winner 
with an average of 11 .5 N/mm, foUowed byethylene chlorotrifluoroethylene 
(ECfFE) filrns from Honeywell SpecialtyChemicals SeelzeGmbH and poly­
amides from lsovoltaic with average peeI 5tfengths of 6.4 and 6 respectively. 

The peel strength between layers, an important parameter that deter­
mines the atent of adhesion, nonnally ranges from 0.3 to l N/mm (see 
cenler table, p. 56). However, Korea-based $FC Co. Ltrl. has lisled peeI 
strength values of5 N/mm, which puts its Ted.lar-based products al the lop 
with an average peeI strength of 1.82 N/mm. BuI if the data from $FC is 
noI included, the average peel strength for Ted.lar-based products would 
be 0.59N!mm, making ECI"FE materia! more adhesive with an average 
peel slrength between layers of 0.66 N!mm, followed by polyamides and 
poIyoIefins at 0.60 N/mm. The lowest adhesion between is for PVDF-based 
backsheets of0.45 N!mm. 

Another importanl parameler is the waler-vapor penneability of the 
backsheets (bottom table, p. 56), which prevents waler or moisture from 
enlering into the module pack.age, perhaps the most harrnful issue for thin­
film modules. Leadingtbechart is poIyamides witb Ibelowest water perme­
ability of 0.45 gfm'd. This is followed by polyolefins with double tbe water 
penneability at 0.90 gfm'rl. The highest water permeability is shown for 
3M's THV al 4.30 gfm'd. almost lO times higher than polyamides. 

New products w ith old and new polymers 

As the 12 new products in this survey show, there are both companies 
going for less risk, as well those stilllooking for new alternatives. U$-head­
quartered CPP SoIar, for example, belongs IO the group!hat has slayed on 
the flouropolymers side, although the composite has a somewbat different 
struclure. lllaunched a new producI, the TPESOO, a Tedlar version ofits Ky-

tut conlinues on p. 55 .. 

Sopray Energy Co., Ltd 
N358. Tailong Slreet, 
Luqiao, Zhejiang, China 
Tel: +86·576-82958098 
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Tel:+85291592129 
sopray@sopraysolar.com.hk 

Sopray Solar Europa GmbH 
An der Welle 4, 60322 
Frankfurt am Main 
Tel: +49-69-75937955 
info@soprayeurope.com 

Sopray Solar Japan Co., Ltd 
4-40 MyoontOli, MiZuhoku, 
Nagoya. Japan 
Tel: +81-52-8528739 

sales@sopraysolar.jp 
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.... · ...... · ............ · ...... T2ijj·n:;; ............ · ...... · .......... ·T2ijj·jjj ........ · ...... · ................ r2ijj·jjj .... · ...... · ...... · ............ T:: ........................................ -r:: .......................................... 1':: ........................................ -r:: .... · ...... · ...... · ...... · ...... · ........ i 
............................... T:: ......................................... r:: .......... · ...... · ...... · ............ · .. T: ...... · ...... · ...... · ...... · ............ T:: .. · ...... · ...... · ...... · ...... · ...... · .. T: ........................................ T:: ........ · ...... · ...... · ...... · .......... T:: .. .. 

o, hi~peflorm<flCe F 
fi lm. reflecti'lity: 1!5 ~ 

. , othet coIors on req. 
• , designed lor 3.(1)) I» 

i·l hi!il1lerfQi:Tl1(lnre F 
fi lm. relloctivity: 1!5 % 

! o, Thiciet PfT 

! .. other colors on req . 
! .. designed !or 3.(1)) I» 

o' hi~rf~F 

film. heaHeflectiw 

"'" <, other oo1ors on req. 
<, designed !or 3.000 I» 

dampheal 

., also ava ilable as . plus. 
Md ot(IIl1pleteo Yefsion 

o, IO Vista SoIar 400 
· '1501511)).3 

o, also available as >pIus« 
and oc:ompIete-o version 

<'IO VISta Solar486 
<' ISO 15106-3 

o, also available as . plus. 
and ownpIete. YefSKln 

., IO Vista Solar 400 
" 1$01511)).3 

o' !or 35O]1'n thielness 
<, IO Vista SoIar 400 
"1$01511)).3 
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science & technology I backsheets I survey This copy is licensed to Caverne S.P.A., Headquarter, Yvonne Morguet. 
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Backsheets with fluoropolymers 
~.,!![I:I!~.t ............................. ':.~~!~ .................. L~~~p.'!! .................. .L~! ................... L~~.~! .................. .L~!":'!! ................... L~~~! ................... L. ..... . 
mor:IeI i ItOSClAR TPC 3400 iAKASQ P1l2·381250 i AKASOC PTl H8/250 i AJ(ASCl m 3-WSOWT! AKASCl PVL l(1))V i AKASOl KRT· repair tape i , , 11WH!TCC " . 
~ introdoction ·":::::::::::::::::::::::::::b~E~ .. :::::::::····"···""··· .... ··· .. l~I!g;··~ .. ~··· .. ··· .... ··· .... ··T2004 ····· .. ····· .. ··· .... ··· .... ··· .. "T2005· · .. ····· .. ····· .. ··· .... ··· .... ····1·2007 .................. :::::::::::::::::!:~!!.::::::::::::::::::::::::::: .... ··· .. 1··· 
material composition ! PVF/f'ETlCu ························!"M/PIT;;;:;;;.:;e; ···············"TM/PITiM ····················"TM/PITiM ······················!"f'iiiFiPETiNOF ! IVIlF/f'ET/a(hesive 

FoIl . bl 
.~.~~.:~.: ... :.::~.:.::.::~.:.:: ... :~.:.::~.: ... :.:::.:.}#.Q.i;ii.:.::.::.:~.::.:~.::.:~.::.: ... : ... '~'.i;ii.:.: ............ ·······1340 ~.~ ..................... r3i5~ " ................. "1m ~ ................. "'T3io~'" .................. , ....... . 
width rMge ! lO -1.100 mm ~ 1.1lXl rrvn ······················"T~ ·2:irii·;.;;:;. ······················"T~· l:ii,ii· ;:;;;;. ······················"T~iirii·;;;;··· ràirii;:;';:;;'" 
.~!~!!! :::::::::::::::::::::::::::::::::::::::::::::::::::,.7.~:~~ ............................ ~.~?.!!!.~ ···························T400·(ilnii ::::::::::::::::::::::::::::!:~~:~~ ····························!·470·(iliiIi ::::::::::::::::::::::::::::!:~:iit.~::: ......................... !" .. 
density ··························"T~ ·"i:4"ii"i~ : - 1.4 ··························"T~ù·;VQno : -1. 

coIors Ifrontl bact) w/W. bib 1 w/W. bib. wib 1 transp. 1 w/W. b/b. red/red 1w/W, b/b 

i38N/mm 
i41 N/mm 
i l00/l00% 
iSO/SON°' 
i ~1.1%/~1.1~ 

!38N/mm 
i41 N/mm 
i l00/90 % 
i90/90N" 
i ~11,",~11"" 

i38N/mm 
!41 N/mm 
i lOO/l00% 
iSO/50W' 
i ~U%/~U% 

........................................... 
!3SN/mm 
i 4SN/mm 
i l00/100 % 
i3SI3SN" 
i ~11,",~11"" .~.!~:.~~!.i.!!"J.~L~.~~.I.~.~ ... 

. ~~ .. ~!.~.~.~... . ........................................ ?.~.~.~ :::::::::::::::::::::::::::i:? :~:~1.~ :::::::::::::::::::::::::::.!:?:~:~1.~~.: ................. ··· .. ····i·; ·4·NjiMi ···::::::::::::::::::::::::.i:?:~:&~.:····· .. ····· .. ····· .. ·····i .. · 
. • • i ", ..................................................• : .. 0·.·,·5·.·.· _·.·.·.·.·.·.·.·.·.·.·.·.·.· ························i .. · .. · 

.~.~.!!'.~.~! .. I.~.~.... i ~ 0.4 N/mm . . .......................... i.~~.~r.~.~.. .. ...................... i.Q :~ .. ~.~ ........................... 1 .. . 

. ~~ .. ~.~!.~.~.!!~ ::::::::::::::::::::r~~)~:~:~:~: ........ Q:~.!!!'~ :::::::::::::::::::::::::::i:Q ;~:iit.~ ......................... ..LS.Q:~ .. Qf.~ ...................... ..i.S .Q:~.!!!.~ ....................... ..LQ:~.W.~ .. . 
mv >2SlV 
1,IlXlV > 1.IlXlV 1>I.ooo V 1> 1.OO)V !>I ,OO)V 1> 1.00) V 

.. ~~!!~.~: .r:'~~:.~~.~~~ .......................... . 
time 01 deliYe!Y i 0·2 months i 2 weeks i 2weets i 2 weeks i 2 weeks i 2weeks 
minilll\ll1 order .................................... "j"" ••••• .. ••••• .. ••••• .. ••••• .. ••••• .. ·····T'oo·m; .. ···· .. ····· .. ····· .. ····· .. ··Ti·oo·m; ·· .. ····· .. ····· .. ····· .. ·····'Ti·oo·m; ····· .. ····· .. ····· .. ····· .. ····j·'oo·m; · .. ····· .. ····· .. ····· .. ····· .. Ti·oo·m; ................................ ! .. . 
wamMlty .............................................. "!":: ········································Tii·;;;;);ih$ ............................ !.;;.;;;;;;;; ···························T;;·;;:;;;;ih; ............................ !"ii";;;(;;1hS ............................ !.;;.;;;Q;;th; .. . 

NOIes 
0'at 1SO"Clorl)min 

i o, p,. primer 
!0'0INS351S 
i O' ~lm damage oof 

delam. 

!., OIN 53515 

! '" ~Im damage bol. 
delam. 

i" OIN 53515 !0'0IN53515 !0' 0IN53515 

Backsheets with fluoropolymers 
~.'!![I:I!~x .............................. .: .~!~.I! .................... L~~.~ !~.~ ................... .L~!~.I! .................... L~~.~ !~.~ ................... .L~!~ .................... L~~.~!~ .................... 1.. ..... . 
modeI i Re!leh i ReflehPriroo i VueTek i\'oeTeHrime i Protekt i Protek.t HO i 

market intr~on ::::::::::::::::::::::::::::::b~E~ :::::::::::::::::::::::::::::::::::1::::::::::::::::::::::::::::::::::::::::::::::I:~~~ :::::::::::::::::::::::::::::::::::I:~~~: :::::::::::::::::::::::::::::::::::I:~? :::::::::::::::::::::::::::::::::::I:~?:::: ...................... :::::::::1:::'" 
material composition : F-Coat/PET/Extr. OB ~r : F-Coat/PETitltr. OB layer : F·C;oat/ PETI PIA : F-CoatJ PETI PIA : Protekt"/PfT,{VA·' : PTotelt"/PfT/EVA" 

Feril.bl 
262 ~ 26 m i6i' ~ 26"""""""""'Ti64 ~26""""""""""ri54~ 25 ·· ;,;···············Tin ~26 .. ;,; ···············Ti49~25······· ............. , ....... . 

.~.~.!.~... ~50mm" ~50mm" i ~50mm" i ~50mm" i ~50mm" i ~50mmO • . ~!~!!!.. . 320 g/m' ............................ ?.~~ .. ~ ·· .. ····· .. ··· .... ··· .... ···j"3'4·(ilnii ............................ !.ij5.i!n:;; · .. ····· .. ··· .... ··· .... ····j·'94·g;n:;; ···· .. ····· .. ··· .... ··· .... ·j·Vg·i!n:;;· ............................ ! ... 

. ~~~ ............................................. ::::ID~:ii!.~... 1.15 g/r;mi·························"T i":1S·;V~·························"TùO·;V~···························i·ù.s·;V~··························T"i :"is·;Vc;,:;;··· 
coIors Ifrontl bact) ! w/W w/W .. ····· .. ····· .. ····· .. ··TClear ··· .. ····· .. ····· .. ···· .. TCIear ······ .. ····· .. ····· .. ··T;fW:wlii:·CiWIii:·diiii/W·T; IW:wlii:·diiii/ii·diiii/W··· 

.. ~.~.i!!!Y.~~:'.~~.'!~.i~~ .................. . 
tensile strengt!r al break. (Iength) .. ............. . ~ .~~.~~.!tI!.~.. i 96 MPa(N/mm') i 104 MPa IN/mm') i 58 MPa 1N/mm'1 i 100 MPa 1N/mm'1 i 

............... . ~~~ ... ~~.!~l.~ ... .. ·· .... ···i·ù3"MPa·iNitmi>i ·· .... ··· .... i·Ù3·MPa·iN/imi>i· .. ··· .. ::::::I:~?:~~~:(~~I :::::::::::::::t~ ~~:~~j~t~(::: .......... !'"" 
T"i4ii" %"'(MOiii'3i:i'''''rrii) : 115 % 11.40)/00 % rrn) : 124 /63 % 

i ~ 40 N/cm 
i ~ 0.5 N/mm 

idJ % 
i ~40 N/cm 
i ~0.5N/mm 

[TOli 3.113.2 N 

i ~ 40 N/cm 
! ~ 0.5 N/mm 

: 110/121)% 
i3.3/7.4N 
i< l % 
i ~ 40 N/cm 
i ~0.5N/mm 

.~.~ .. ~.~!.~.~.!!~ 

.~~~.~.~.I.~ .. 
mal. system l'OltBge ····· .. ·····················!·;·ùiXi\j""· 

····· .. ····· .. ····· .. ··T;;is·g;IDid :::::::::::::::::::::::I~: ~ :~:~~ ··········· .. ····· .. ····j·;;·2:s·!ilIDid· ······· .. ····· .. ····· .. T;;is·g;iiiZd ::::::::::::::::::::::::C'" 
~lB lV ·······················T~lii· kv······· i _ ························i·~ ·ÙkV······· ······················"T;·"ii:i"kV······· 
> 1.00)V ···························!"; ·,:oiij·V ····························!·;·ÙiXi"\i· ···························j·;·iiiO"\i ·····························""!"; ·ùiXi·v··· 

Dl liwery. oNler. wlrrlnty 
i i~·o·(dei;;;; ······················· .. i 'o -"75';';';;;ih~" ............ ·l (j."is·;,;;,;;ih;,···· .... ·······i (j -"is·;,;.;;;ih~,·· ............. rci.7S·;.;Q;;tJ;;'····· ........ "l (j -"i5';';';;;ih~'" ........ ···T07S·;,;.;;;tt;;;· .............. , ....... . 

minimUll ~!.~~ .. ::::::::::::::::::::::::::::::::::::I~:~ .. :: .. :::::::::::::::::::::::::::I~:~ .. ::··:::::::::::::::::::::::::::I~:~ .. ::":::::::::::::::::::::::::::I~:~ .. ::"::::::::::::::::::::::::::::i:~:~ .. ::":::::::::::::::::::::::::::I~:~ .. ::::::·····"···""···""···"r·· 
warranty ! 6 montlls ! 6 months ! 6 month$ ! 6 months i 6 months ! 6 months 

NOIes 
0'at1SO"Clorl)min 
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. , avai!. in roIl$ or slreets o, avai!. in roHs or sheets . , avai!. in roll$ or sIreets o, avai!. in rollsor sheets o, patenl pending i o, paterrt pending 
'" average lead-time o, average lead-time '" average lead-time " average lead-time o, patented lectnok:rgv ! o, paterrted tectnoIogy 

0 1 avai!. in .011$ or slreets ! 0 1 avai!. in rolls or $heets 
.. average lead·time !" average lead·time 

Phntn .. IDle rnalloDal~ 2013 
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..................... L~~~! .................. .i.~! ................... L~.~~.~~~~~~ ........... L~.~~~!~ ........... L~~.~~~~~!~~ ......... ..L~!~ .................... L~.~~~.~ .................... ! 
iAKA50.. TAl· repeir tape : AKA9).NAA. l00N +p'" : AlTOOI

• 0 ' i PT075· '." i PT02S)" '. " i ftytek i HyteI: Prime . 

::::::::::::::::::::::::::::::::I:~j~.::::::::::::::::::::: .. :::::::::::::I:@.? .. :::::::::::::::::::::::: .......... ·j-:· ...... · ...... · ...... · ...... · ............ ·1·:: ......................................... 1-: ............. · ...... · ...... · .............. i·20,2 .. · ...... · ...... · ...... · .......... héi12' ............ · ...... · ...... · ........ 1 
i PVFlffi/adllesiYe ! PVOF/Al/I'ETtjHimer ........ TiiiiF/Ai/PVF .......... · ............ TM/Pff/M .... · ...... · ........ 'TiiiiFirrT/f\ii: · ...... · .............. ì·r:c.;'jjlifi)EvA ................ ·!"r:c.;IiffliEV,;: .. · 

..................... jii:i~~ · ................. '''i 420~·~ .................... Ti2ii;;r;; ................... 'Tiro;;r;; ..................... ! 335~~ .. · ................ ·Ti5i:i ~ 2S ·~ .......... · .... T262~ 26'~;;'''''''' ......... j 

................................ ~·ùrii·~ .... · ...... · .......... 'T~iim .. ;.:;.; · ...... · ................ i'o·:·i i·oo·;;;;.:; · ...... · ............ Tii·: .. i:·ioo·;.:;;, .... · ...... · ...... · .. To·: .. i-:!oo·;;;;.:; ........ · ............ · ·27·: .. ij'oo·;;;;.:; .. · ...... · .......... T~·~;;;;;:;~,· .... · 

................................ ~.!!!.~ ........ · ...... · .......... ·T520·ii/m; ::::::::::::::::::::::::::::i:~:iit.~ :::::::::::::::::::::::::::I?p.: iit.~ ::::::::::::::::::::::::::::i:~~:iit.~::: ........................... ~.!!!.~ ............................. ,.~~?:iit.~::: .. . .......................... 'T~ .. i:2'ii'i~ : 1.1 : 1.4 : 1.4 

w{w. bib ! w{w. bIb ! as req .. w{w. bIb ! as req .. w{w. bIb ! as req .• w{w. bIb , w{w. wib w{w. w/O 

! II N,lnvn i_ 

i 30 N,lnvn i 6. 6 N/nvn 
i lO,.. iSO/65% 
, 2S/2SN"' , 12/15N 

i_ 

i 16. 21.3 N/nvn 
i 163/121 % 
, 13/14N 

i_ 

i51 N/mm 
i 194/159 ,.. 
, 36/37N 

~ 1.2 "1./ ~ 1.2,.. i O,.. i 0.2/0.1 ,.. !3'!"Q:~.~ ........................ .LU .. ~.~.~ .. . ................................ ?.~.~.~ · ...... · ...... · .......... ·T;j·N]mn; .............................. ,. .. ......................... , 
................................ Q:~.~.~ :::::::::::::::::::::::::T~ ;~:~1.~~::::: .... · ............ · .. ·i·i~;;~·~I~ :~!~ .::::::::::::!:~~~:~·M·fik;; · .......... i·i~t;;~·~i'M·fi i;;; ·.. ~ 0.5 Nlmm :::::::::::::::::::::I:~ .•.•. ,O .•.•.. · •. 55 .•. ".N .•. ,ftm,._ .•.•.•.•.•.•.•.•.•. ::: .. . 
................................ Q:~.!!!.~ .......................... .LQ:~ .. \I!~ .................... ·!·O·ii/nid ............................ ..L !.:~ .. Q{.~ ::::::::::::::::::::::::::n;~:~~: ........................... ~.~;~ .. ~... ~ !l'n, ~ .................... ·i'B'w...... : lH.V i - ~2\H.V >25W 

> UOOV 

....................................... 

:>lOkV 
!>I.oooV 

~ 18 kV 

! 1.11OV , > 1.I)))V > 1.1))) V 

i2weeks i6weeQ i 1- 7months i l· 7months i l· 7 months iO.75month*' i 0.75 month ·, .... · ...... · ............ · ...... T,oo·jjj· ............ · ...... · .......... ·Ti·oo·jjj ........ · ...... · ................ !'i·:èIii·m; ........ · ...... · ............ Ti·:èIii·jjj .... · ...... · ...... · ........ 'Tièlii·jjii ........................... 'T2ijj.jjii ....... · ...... · ...... · .......... T2iii·jjj ................................ ! 
.... · ............ · ...... · .... · .. i'ii·;;;.:;;;ihS ........ · ...... · ............ j·ii·;;;.:;;;;t;; .... · ...... · ............ · .. T:: ...... · ...... · ...... · ...... · ............ T~· ...... · ...... · ...... · ........ ·L ............ · ...... · ...... · .............. ì·ii·;;;;;;;it.S .. · ...... · ...... · ...... · .... j·ii·;;;;;;;!hS' .. · 

! *, OIN 53S15 !· ' p..primer 
j ., OIN 53515 

! *, teSI. methods JIS !. , test methods JIS 
! o'!or water vapor-prool !., lor voltBge-prool 

! *, test. methods JlS 
! o, lor l'OItage-p-oof 

i *, avefage lead-time ! *' avail. in rolls or sheelS 
! o, average l&ad.time 

.................... .l.~~!~~ ................... .i .~!~.I! .................... L~~.~!~.~ .................... L~~.~.~~ ............... L~ !~~!!.~I.,!!! ................ ~.~.~.~~ ............... L~!~~!.~.!~ ............... ! 
Protekt TFB : ProtektTFB HO iTPE HO i MlSlXARlPT : MISOlAR K MISQ..ARTPM MISOlAA KPM . 

7 .. ..i.~ ................................. ..iX!~ .................................. .i.?Q.~ .q ................................. ..i.?Q.~Q .................... .. 
; M/PETiMHBfim NDF/PETiMHBfilm 

i54~2S ................. '''i 4ji·~ 43 .. · ............ .... ·1n7·~ 42' .;.; .............. "1340 ';';; ~5i .............. i3iO .. ,;; ~ 5-;.: ............ "1275' · .. ~5i .............. '267'" .. ~5 ·;; .... · ......... ; 
~ 50 mm" ' ~50 mm" , ~SO mm" ' ~1 020 mm ' ~1 020 mm ........................ ~ .. ~,~ .. ~.... ~ .. ~,.~ .. ~ .. .. 

................................ ?'!.Q .!!!'~ ::::::::::::::::::::::::::::i:~~Q:iit.~ .... · ...... · ................ i'iii·~ ::::::::::::::::::::::::::::i:~:~~ ::::::::::::::::::::::::::::i:~:iit.~:·:: .......................... ~~.!!!.~ ............................ ,.~.w~ ... 
1.46g/cm' ; 1.41g/cmi .......................... T1:2·ii/;;,:;. ;- '- '-

................................ w/w.'W:ib:·Ciiailii:·C:iW/w·Tw/W:;;.:;iti:·Cii8iIii:·Ciiai/w·Tw/w.'Cii8·;ib:·C;;SjW:MibTw/W .... · ...... · ...... · ...... · .......... !·w/W· ...... · ...... · ...... · ............ ·!·iiii·èQiCO/W ............ · .......... ·!·aii ·èQ~· .. 

................................ g,~.~~..!~l~.':'.f.I. i 64 MPa(N/nm') i 92 MPa (N/nvn') i 46 N/mm i 40 N/mm ........................... '.~;.~ .. ~~ i 16.5 N/mm 

................................ ~!.. ~.~~..!~l~.! :::::::::::::::iT~~ :B.~~@~i :::::::::::::i:~~:B.~:!~Z~:~: ::::::::::::Ts.iii·N/mm· :::::::::::::::::::::::TÙN/nv.;· ............................ ?.~ .. ~.~ .... ...... · ...... · .......... ·,·~:~Z~ ::: .. · 
: 155/BB% :144/110% :144 /108,.. :114/69,.. 123/101% 78/62,.. 
j15.3/13.4N :4.4 /5N :-1- :- 1- -1- - 1-
i<0.5% i<l% i 1.2/0.6% i I2 10.6 ,.. 
, ~40 N/cm , ~40 Nlcm , > 5 N/nvn·' ,>5N/nvn *, " 

~0 .5N1mm i ~0.5N/mm i ~0.5Nfmm i>0.4N,1mm i>0.4N/mm 
................................ ~.~,~ .. ~~ · ...... · .......... ·T;;·iiiXiiiiiid .................... r;;·;j·ii/iiid· ...... · ...... · ............ T~i'ii/m;· i*; · ...... · ...... · ........ T:;iii/;n;:j*; ........................ . ::?.W~t:. 

~ 13 W · ...... · .......... 'T~·13W ........ ·· ................ · .. T;·ls·w .. · ........ · ...... · ............ T32'kV· ........ · ...... · ...... · ...... · .. T3ÙV ...... ·· n.v 
> 00) V .......................... • .... j';·,jiij·V ............................ r;·,:èIii'\i· .......................... T;·,:i)))v .......................... 'T;·i':èIii'\i·.. , > 1.1))) V ........................ • .. T;·1:èIii'\r .. 

·· .... ·· .... · .... ····1 ij.':is·;.:.;;;ih;.·· .......... · .. i·o .. i5·;.:.;;;ih:.< ............ ··Tci.7S·;.:.;;;ih;~·; ·· .. · .. ·· .. ·Ti·:i·;.;;;;ihS·· .. ·· .......... ri~· 2·;.:;;;ih; .............. ·Ti·:i·;.:.;;;ihS ...... ·· .. ·· .. ··i·i·:i·;.:.;;;ihS ................ , 
:::::::::::::::::::::::::::::::I~:~: .:: .. :::::::::::::::::::::::::::I~:~ .. :: .. :::::::::::::::::::::::::::I~:~ .. :: ......... · ...... · ............ T5iii·jjj .............................. 'T5iii.jjj .......... · ...... · .............. j'Sii·jjj· ...... · ...... · ...... · .......... T5iii·jjj .. · ...... · ...... · ...... · ........ i 

! 6 nl(WltIls ! 6 months ! 6 months · ...... · ...... · ............ T~ ........................................ 'C ....................................... "1'::. ........ · ...... · ...... · ...... · .......... T::. .. .. 

*, petem pend ing 
*, petented teeMolOllV 

!., patent pending 
i ., patented technology 

*' avail. in rolls or sheets i ·, avail. in roIls or sheets 
>, 3venlge lead-lime ! -, average lead-time 

*, petented leeMoIOIIV . , lo Vista SoIar 49'l 
o, avail. in roUs or sheets . , ISO 2526 
o, average IearJ.time 

*, lo VISta Solar 486 
o'IS02S28 

*, lo Vista Sola r 49'l 
*, ISO 2528 

*' lo Vista SoIar 49'l 
o, ISO 2528 
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Backsheets with fluoropolymers 
~.,!![I:I!~.t ............................. ': .~~! .':i.I.~ ............... L~~ ........................ .L~.~ ......................... L~~.~ ........................ .L~ ......................... L~~ ........................ . 
model i MISOlAR KPS i PP350 i SS32I) i PS3ll i Tl'E·34 iTPE-35 

............................... ,1. ;.;.;;., .. , ...................................... ,1 .. ;;;;;;;; .................................... ,1 .. ;;;;;;;; .................................... ,1.:;;;;;;; ..................................... ,1 .. 
2008
........ . market introdo..dion LV L""" L....... < 'N'> •••• .. ••••• .. ••••• .. ••• .... ••• .... T2i:ijj··· 

material composition ···························!·fiì.iDFiffi/MHS·S ·············TPiif~ ·····················"TMeaSijPT~St ·········!"PiifIPi~·Si ················!·Mea~ ··············"TPiif/PTiim···· 

f.c!!!.~!~~ ................................. , ............................................................ , .............................. , ........................................................................................... .1 
thitkness ! 2671Jl1 ± 5 % 346 ~m ! 316 ~m ! 3311Jl1 ! 3431Jl1 ! 3S8 ~m ' 

·;;dih·;;;g;;··········································"T~·ùi2iJ~::::::::::::::::::::::::: ~:~,j5;~m'.: :~~::::::::::::::::::::",:00).::~>,j5.:;~m'.: :~·················"Tm·:"2:(Jjj·~::::::::::::::::::::,,;:~::,j5:;~m'.: :~::::::::::::::::::::,,;:m •.• 75: : : : : ~,)5.:~m':::~~ 
.~~!!! :::::::::::::::::::::::::::::::::::::::::::::::::::,.~:~~ ..... "' "" "' ····················"T47"i ·~· 5·QJm; ""'" "' "' .................. ! 
density ....................................................................... "T j.:;j ..... ;;;;.;; ..... ····················"Tùi············· ······················j·j-:3S····································"T"i:ii·····;;;;.;;······· 

coloo allcolorslw W/w*' iw iW/w°1 iw/w*' iw/w*' 

.. ~~.i!!!Y.~~:'.~~!!~.i~~ ........................... . 
tensile Slrength at break. I > 300 N/ll)nm 

i> 400 N/1l)"nm 
1>100 /00% 

1>350N/IOmm 
i>400N/IOmm 
i>I20/100 % 

. ............. .. 
I> 300 N/ll)rrn 
i> 300 N/ll)rrn 
1>120 / 100% 

1>3OO N/1Omm 
i>3OON/1Omm 
i>I20/100% 

;>350/>400N*' ;>350/> 4;a:l N*' ;>350/>400N" ;>3;a:l/>400 N*' 

.~.~~:.~~!.i.!!"J.~.!..~.~~.I.~.~ . i < l / < 1 % ......................... j.~. !.L:': . ! .. ~ ......................... j.~ .. ~:?t..~. ! .. ~ i < 1.2 / < 1 % ...................... ! 

.~~ .. ~!.~.~.~... ,>4 N/rrm*' ······················T; ·4ij·Nj·iMi !>40 N/rrm ....................... ..L?.~.~r.~. ::::::::::::::::::::::::!:~:~:~::: . 

. ~.~.!!".~.~! .. ~.~ .... ······················j·; ·O:;j·N/iMi ........................ ?.~.~.~ .... ·····················""!"; ·S·N/iMi ·························"T; ·S·N/;;;.:;· i> 5 Njrrrn 1>5 N/rrm :::::::::::::::::,1 

.~.~ .. ~.~!.~.~.!!~ :::::::::::::::::::>9.:~;)~~ ......................... ~ .. I. :~ .. Q{~~ ····················T~ù·g;m;(j*· ::::::::::::::::::::IS: ~ ;~:~~:~ ·····················i·~ ·ù·QJ;.:;;(j*; ::::::::::::::::::::IS:~ ;~: !it.~:~: ::: 
> 20 w.. ···················"T; ·2ij·kiF"······ : > 20 W*' ···················"T; ·2ij·kiF"······ : > 20 k"'*' 

>UIXI'" >UIXIV'" i> 1.000 "'*' i>l.oooV'" i>l ,ooo"'*> i>l.oooV'" 

.. ~~!!~~: .t;I~~: .~~.~~~ .......................... . 
lime of de!iYe!Y i l-2months iO.75 - 1.5 months iOJ5-1.5months io.75-1 .5months iOJ5-1.5 months iOJ5-1.5months 
minilll\ll1 order .. ·· .. ··· .. · .. · .... · ...... ··· .. ·· .. ·T5i:ii:i·ilj · .... ··· .... ·· .. · .. ·· .. · .. ·· .. ·T'oo·ilj .. ·· .... ··· .... ·· .. · .. ·· .. · .. ··Ti·oo·m; .... ··· .... ·· .. · .. ·· .. · .. ·· .. ·'Ti·oo·ilj ··· .... ··· .... ·· .. · .. ·· .. · .. ·· .. !·'oo·m; · .. ··· .... ··· .... ·· .. · .. ·· .. · .. Ti·oo·ilj ................................ ! 
warranty .............................................. "!":: ........................................ "!"::: ........................................ "!":: ........................................ "!"::: ·········································1·:: ........................................ "!":: ... . 

NOIes i ~:~T::il : *, aloo CUSlom. coIco : 01 al$O r:ustom. colr:lr$ : *' aloo CIlStom. coIors : *, al$O CIlSlom. c:oI\lr$ : *1 aloo custom. coIors 
*'all;a:l "Cforl)min i*'OIN53lì3 i " OIN 53lì3 !*'OIN53363 ! *, OIN 53363 ! *, OIN 53363 

i *' ASTM F-1249 !Q± 21 i " ASTM F·1249!Q± 2) i *' ASTM F-1249!Q±21 i *1 ASTM F·1249!llj± 21 i *' ASTM F-1249 !llj±21 
%RH/l00F %RH/lOOF %RH/l00 F %RH/ l00F %RH/l00F 

! *' ASTM o 149 i " ASTMO 149 i *' ASTM o 149 i " ASTMOI 49 i *' ASTM o 149 
! . , IEC &1)64-1 ! ., IEC 5(1)64.1 !*"EC5(I)64.1 ! "IEC 6(1)64.1 ! *' IEC 5(1)64.1 

Backsheets with fluoropolymers 
!?!'.'!!P:'.~.t .............................. i.~ ......................... i.~~ ......................... i.~~~ ..................... i ~~p.p.~~ ..................... i.~~~ ..................... i ~~p.p.~~ ..................... ; 
mode! ; TPE-36 ; PA3lOE ; BS-1X-l001 ; BS·1X-3001 ; BS-1X-7001 ; BS-TJ(-7001 

.~.~ .. i.~.~~.~.::::::::::::::::::~ ::: .... ·+2ij12 ::::::::::::::::::::::::::::::::::J2iiiii · .. ····::::::::::::::::::::::::::::I·?@ .. :::::::::::::::::::::::::: : ::::::::I:~:~~:.::~"::::::::::::::::::::::::~··:I:~~t:::::::::::::::::::::::::::::::::h~~~:.:::::::::::::::~:::· .. ··· .... ··· .. I 
materialo:omposition i M/fTl/FPE ! M/AVPTI/FI'E i PV24OO,1PET/M4OO ! PV24OOfl'ET/M4OO 1 PV2400/PET+primer ! PV24OO/PET+!lfimer 

f.c!!!.~!~~ ........................................................................................................................................................................................................................... ; 
thitkness i 3451Jl1 :m ~m 1 310 ~m i 2!lI ~ 1260 lJl1 i 335 ~m i 
·;;.iiih·;;;g;;·············· _·························"Tm·~·ùji·~ ·················"TO · :·i400;;.:;;;;·····················"TO·~··Ù,00·;;,;;; ·······················:·0 · :·"2:"400 ·;;,;;; ··················· · ·"To· :·iiOO·;;,;;; ··············· · ········ 

· ...... ··· .. · .... · .. · .... · ........ · .. ·· .. ·T· .. ·· .. · .. ·· .. ·· .. ·T;j· .... ·· .... ··· .... ·· .. · .. ·· .. · .. ·· .. ·'T4i'(i ..................................... j.3ij ..................................... ! ............................................ ! 

density ................................. _ ............... 1.:~.!!!.~ ......................... i. !. :~.!!!.~ i 1.40g/cm3 .......................... :.!. :!!. .!!!.~ i 127 g/cm3 co!ors)front/badI w/w*' iW/w .... ·· .. · .. ··· .... ··· .... rw/w iW/w · .. ··· .... ··· .... ··· .... Tw/w 

water meabili 

.~~~.~.~.I.~ ... 
fI\8l. system l'OMge 

.. ~~!!~~: .t;I~~: .~~.~~~ .......................... . 

i> 1 N/mm 

" ' - '-

1> 1 Njrrrn 

10.7 

' -

i> 1 N/rrm 
10.7 *' 
'-···· .. ···· .... ··· .... ···i·; ·ùoo·v ···· .. ···· .... ··· .... ··· .... i·; ·ùoo"\;· .. ···· .. ···· .... ··· .... ····i·; ·"i:liMl·v ··· .. ····· .. ···· .... ··· .... ·i·; ·, :liMl"\; .. · 

lime of deliYe!Y iO.75-L5montlls iO.75 - 1.5 months iO-4months iO- 4months iO- 4months iO- 4montlls minimUll order .. · ........ · .. · .... · ........ · .. ·· .. ·Ti·oo·ilj · .... ··· .... ·· .. · ...... · ...... ·Ti·oo·m;- ................................ ! ............................................. ! ............................................ ! .. · .. · .... ·· .... ··· .... ··· .... ·· .. · ...... · .. r· 
warranty .............................................. "!":: ........................................ "!"::: ........................................ "!":: ........................................ "!"::: ......................................... !.:: ........................................ "!":: ... . 

NOIes 
*'all;a:l "Cforl)min 
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' 1 aloo CIlStom. coIors 
"OIN 53363 
.. ASTM F-1249!llj± 2) 

%RH/lOOF 
" ASTMO 149 
"IEC &1)64-1 

*, aloo custom. coIco 
*'OIN53lì3 
*' ASTM F-1249 !Q± 21 

%RH/l00F 
" ASTM O 149 
*'IEC &1)64-1 

. , IEC1511l5-3 *' IECI5106-3 *, IEC1511l5-3 !*IIEC1511l5-3 
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Backsheets without fluoropolymers 
ComPU1 j.. j 3M j c- j eoveml .............. ] 
·~i··················································· ···i·S;;;id.;hi~d·Fi~· iiOO-;;wiW···· ·ii~iii,;;~·W&B ·i·~i·pyÈ·::.: .. ::.::.::.::.::.::.::.: .. ::.:.~C.~!:6.~.:~::.:·· 
marl:et introdLJ;!i\xl ...................................................... ··TT~;·g·.;t · 2i.i"i3······· 2013 (2O:ii.......... i 2010 

matetialcomrmit~·······················································TPOtrolPO······ PO/PO!1'O ····················TPriim/pii;:;;; ···························TPflim/~i;;;e;:··· 

Foi l l1ze .... , ................ . .... , .................................... . 
thickness 450 ~m 450 ~m i 295 ~m ± 5 % 
width range 995,1010 mm" 995,1010 mm*' i 50·2.00) mm i 50·2.00) mm 

.~yt~ :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::I~:~~ ......................................... ~!!.~ :::::::::::::::::::::::::::::::::::::::I~:~~:~:~:~: :::::::::::::::::::::::::::J:~#~:~~:~:::'" 
density 
coIors (front 1 bacl) ..........•.....................................•....... "1":;;,;:;.; .... 

. ~~.~! ~~.~.~~.~~~~!~ ............................. . 
tensile stre at break (length) 

. ~!!.~ .. ~ .. ~.! .~.~.~.~.!.~!.~! ... 
efongati\xl at break lIength 1 =sl 
rear strength lIength 1 Cf(Issl 
dimens. stabil ity (Iength 1 cross)" 

.~.~.~.~~~. 

. ~ .. ~ .. 0..~~ ... 

. ~.~.~~~.~~~!!!~ .... 
.~.~.~.~ .... 
max- svstem voItage 

nM~ 

mlm% 
-1-

................ ............... .... , ................ . . ... , ..................... . 
'll MPa i 29 N/mm i 29 N/mm 

23 MPa i 31 N/mm i 31 N/mm m 1 m % · .. · ........ ·· ........ ·· ........ ·Ti·j·iiTiOO··% ................................ ·Ti·j·iiTioo .. % .. · 
- 1- ........ · ...... · .. · ...... · .. · ...... · .. · ...... T:::T:: ........ · ...... · .. · ...... · .. · ...... · .. · ...... T:::-,-::: .. · 

· .. · ...... · .. · ...... Tjj)'iis .. % ........ · ...... · .. · ...... · .. · ...... ·! .. j·.·ziiiii· .. 
i>4Nfmm 

"'i ..................... ..., .............. .. 

................................................... 'l' .. '; .. '~::;" . ';".;;:' .. :. ; .. ;~;;: ................................................................. ': .. '~ :~j:;;;;r:~~::: .. . 
! >20kV ! >20kV .. ...... · .............................. i·;·ùiii·v ........ · .............................. i·;iiiii\i .. · 

.~.~!~~r:!:~~~:~~~~.~~ ............................. " ........................................................................................................................................................... , 
. ~.~.?!.~.~.... ~.~.~.~t~.~: .................. ~.~.~.~t~.~: i O· I rh:)Ilth i 0- 1 month 
minimumorder per suppfy per suppfy .................. ! .. ioo;.:; · ;;;;:.g;t; ·;~i .......................... t·ioo;.:;·;;;;;ç;h·;;;;i .. · 

..... 

. , at 150 "C Ior 30 min 
i ., l.l·leCO!JIized 
i "' other OlI req. i ., NOI measurable. no faih .. e, 

cu-extruded pofyolelil layers 

Backsheets without fluoropolymers 

i·, l.l·leCO!JIized 
i .., other OlI req. 
i" NOI measurable. no failme, 

cu-extruded Illl',ulelil layers 

i 24 months*' 

i ., other OlI req . 
i "' at 38 "C 100 % ~ 
! ., sIlelf life 

i ., other OlI req. 
i "' at 38 "C 100 % ~ 
! ., sIlelf life 

i Ccmml ComPU1 !c-
·~i··················································· "'1'~i'pyÈ'inJ-;; """"'" ····1·~i·BkpyE· 

marl:ei" 'i~i;;~i;;':;' i 2010 .......... i 2009 
i a,.Mat H ~.~ ........................ . i a,.Mat A ~.~ ............... _ ............. ) 

·· .. i·········· .. ····· ·· .. i··· .. · .. · .. · ................ ] 
i 2009 

matetialrom[XlSitioo · ...... ·· ...... · .............. · .............. ·· ...... ·rrfT;;;riiP;;;;;-; ...... ·· ........ ·· ........ ··!·Pri·t;iackiPriiPri;;:M;r ........ · ........ ··!·Pri;;;riij;;~ .. · 
i 200l . 
i PfT/AI*'/PET/primer .......... ! 

FoII II,. ................................................................................ ...................... ........ , .""'" 
density 

colors (frontI bacl) 

Sblli lity c~.racteristiCi 

·!~!!~·;tr~ ... ~.!:~~:!:~~c.::.·.:.::.:: ... :.~···········]·i9· Ni~~········· 

. ~.~.~ .~.~.~.!~~~.!.~.~! ... 

. ~!~.~; .. ~.~.I!.~.!~~.!.~r~ ... 

. ~.~.~.~~ ... 
peef strength of layers 

watet vapor permeability 

btealdown voItage 

! 31 N/mm 

• 
-1-

1.210.6 " 
>4N/mm 

max- svstem voItage .... · .... · ...... · .. · .... · ...... · .. · .... · .. · .... · ...... ·r;·j·.-iiXi·y· .. · 

.~.~!~~r:!:~~~:~~~r.~~ .................................................................. .. 
timeofdefiYery 

minimumorder 

warranty ..... 
" at 150 "C !or 30 min 

• , rNei 3.00) hours of OHT 
"' other OlI req. 
"'at38"ClOO%RH 
.. sheff life 

.. ............................ .L~.~ .~.~. ~ .. ~... i 370 JIl1 ± 5 % 

...... ) ~!..:?:~ .. ~ ....................... ::::::::i 50· 2.(oi ;;;" 
i 5 5" 
i 1.38 g/em' 

i w{w. w/b. wiblue. b/b"' 

.... , ................ . .... , ..................................... , 
........ ! ~.: .. ~!~.~ ....................................... ! 31 N/mm ..................... _ ............... ! 

i 4J Ntmm i 31 N/mm · ........ ·· ........ ·Ti·j·iiiioo·,; ...................... ·· ........ ··I .. iooiioo·,; .. .. 
i -I- i - I -...... · ............................ T;·j·.-ùo.-s·% .. ·· ........ ·· .................. T;·j"iii:s .. %: .. · 

.. .............. · .................... T;"4·N/;;,"· .... · .................. · .......... T;·;j·Ni;;, ........ .. 
· .................. ·T;·ii:5 ·Ni~ .... · ............................ ·T; ·ii:ùij;;; .. .. 

i < 2 g/m'd*' i < 0.005 g/m'!J*1 .... · ...... · .. · ...... · .. · ...... · .. · ...... T; ·i5'kv .... · ...... · .. · ...... · .. · ...... · .. · ...... T; ·2ÙV .. · 
.. · .................. · ...... · .. · ...... T;·j·.-i·oo·y· .. · ............................ · ...... T;·j·.-iiXi·y· .. · 

i O·lrh:)Ilm i O- lmonth 
· .................. ·-r·ioo ·;;; ·ie;;gt; ·;~j ........ · ...... · .......... r·jOO·;;;·i;Qih·;;)ij .. · 

• , bI~ite OlI req . 
"'at38"ClOO %RK 
.., sIlelf lile 

i 24 months., 

. , other OlI req . 
"'at38"ClOO%~ 

-'sIlelflife 

i 24 months -, 

. , OpI. 9, 2O!fId 50 ~m AI 

., other OlI req. 
" at38"ClOO%~ 

.. sIlelf life 
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YMorguet
Evidenziato

YMorguet
Evidenziato

YMorguet
Evidenziato

YMorguet
Evidenziato

YMorguet
Evidenziato

YMorguet
Evidenziato

YMorguet
Evidenziato

YMorguet
Evidenziato

YMorguet
Evidenziato



science & technology I backsheets I survey This copy is licensed to Caverne S.P.A., Headquarter, Yvonne Morguet. 
It is intended solely far internai use. Individuai articles may be distributed. 

Backsheets without fluoropolymers 

ir 

'Ii 

.~.~ ~~':'!:~~~:~~!.~~ ............................. " ..................................... " ..................................... " ..................................... " ..................................... " ..................... . 
. ~.~.?~.~.~.... o· 1 month o· 1 month i o· 1 month i 1.5 month$ 
minitnul101'der l00mlengthroll 100m" 100m' 200m" 

..... 

. , al 150 "C Ior 30 min 

24 months'" 

i ., al 38 "C 100,. RH 
i ., shelf life 

Backsheets without fluoropolymers 

12 months 12 months 24 months 

· ' forlhin-filmmodtJles<nlc-Si i 
insulation 

.~~~.~~! .................................................. L~~~ .............................. L~~.~~.~~ ........................... L~.~~ ........................... L~~.~.~~I.~ ......................... ; .................... .. 
modeI i HelioX PV neo)( CPC bp plus o

, i PPE 11 i EPE lO i 1tOS0lAR f.PA 360
' 

marl:et introdLJ;!iCWl ···· ...... •· .............. · .............. · .............. ·!"2i)ù ............ T20i·o .................................... · ........ ·!·20i·i ...... · ........ · · .................. · .. · ........ i·20ù· .. 
matetial compositiCWl · .............. · ...... ·· ...... · ...... ·· ...... • ...... ··!·;;;ii;;g;;iPET/~;;g:;; .......... · .. !·Pri;;;ri,;iVA: .. · ............................ ·!·EVNPfi/EVA' ·· ........ ·· .................. ·!· ;;:;.;J: ·pNPfi;;;;;;~iPA· .. 

Foil slm 

.~~ ... ::.: ... ::.::.: ... ::.::.::.::.::.::.::.:: ... :.::.:::·:·:: .. ·::·:·:::·::·::r~:~:~·~~:::·::·::·::·::·::·:: l··~~~~~~~:;~··:·::·:···::·::·::·::·::·::·:·T~~~~:=··:·::·:···::·::·::·::·::·::·:·:r~ :?:~:~:···:·::·::·::·::·::·::·::·::·:·:r::·::·::·::·::·:···::·:·:::·::·· 
weight i 4:>:1 g/m' ~ 5 % i 285 g/m' i 458 g/m' i 

:~~!~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::F:::::::::::::::::::::::::::::::::::::::::::::::::::::: .~ .?~ .. w..~ .................. :::::::::::::::::::::n:;~:~~:::::::::::::::::::::::::::::::::::::F:~)~::~~::::::::::::::::::::::::::::::::::1:::::::::::::::::::::::::::::::: 
colors (front I bad) i w/W -wlb . b,/w*' w/W. bfw i w/W. bIb i w/W. bfw. wlb. bIb i 

.~~!!~.~.~~.~~~~!!:~ ................................................................................................................................................................................................................. . 
. ~!!.~ .. ~.~ .. ~.~ .~.~.~.~.!.~.~.~.... i ~ 110 N/mm B2 N/mm i 45 N/mm i 46 N/mm 

1 ~~!I.:~~':""'; '.~: .... kk. !I~"'~?"'1 ::; .......................•........ ~ 130 N,/mm:: :.: ....•.........•.........•..........• 100 N/mm ...... · .................... · ........ TÙN;;;;;;; · .......................... · .. · ...... ·T5il·N;;;;;;:;· .. 
. ~.~.~~.~~ .. ~~..!~~.!..~~!... ~ % i 319/224% i 1601121) % .......... · ........ ·T2':i'iii·N ...... ·· ........ ·· .................. T:::'!::: .. .. 

. ~.~.~~~.~~~!!!~ .... 
.~.~.~.~f!! .... 
mal. $'IStem voItage 

.~ .. ~:~ .. w..~~~ .... 
~20 kV 

~1,(mV 

.... , 

4.6/4.5 N 
< 1.5/1 % ······ ............................ ·T;·ùJi .. %: .................................. ·T~i .. 5i"~ùi·i .. · 

...................................................... ; ........................................................ ; .......................... .. 
>4N/mm i >4 N/mm ; ~ 6 NImm" · ........ ·· ........ ·'!"; ·iis·;:;;;;;;;:; ...................... ·· ........ ·'!"; ·0:8";:;;;;;;;:; .. · 

I.B g/m'd ; - ................... .L~.?.w..~~.: .. .. 19.63lV ....................................... T::: i 21 kV 

1.~ V .......................................... 1'::: ........................................ ·· ........ ··! .. iji(i·v .. .. 

·~:m:.~'.~~;~~.~;,:~~.~.:.~:~~:.::.::.::.:: ... :.::.::.·.:.:: ... : ... ::: ..... 1·;_ii·:~4~~ih; .. ·::.: ................ ~·i ·;.:.;;ih····· ······::.::.:.·.::.: .. :.·.:.T~·i .. ~.??~ .......... ::.::.::.::.::.:.·.::.: .. :.·.:.T.~.·.~.j~it;; ·· ......................................... . 
'"" .. ,, '""" i- i -

i - i -..... 
*, at ISO "C Ior 30 min 
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o, damp heat pen.: 3.500 h 
., llalogen-free coating 
., other COM on req\lest 
+41(1 Evas<,/ S88 
"'at 3B"C !li % RH 

i ., .plus« and ocomp!eteo 
! ., 1(1 Vista SoIar 4$ 
i " ISO 1511)).3 
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.... ; ................ . i DMnmore i FeIOll . ... ; .................................... ; ................ . . ... ; ................ . . ... ; ................ . .... l.~~ ............................. j 
, QlJN·SCM.AR f'f'E+" , QlJN·SCM.AR f'f'E+ B~k" , QlJN·SCM.AR Uttraelear f'f'E+ ........... (2Oi ............................................... (20:)1... ···································(2(ii·o·············· ... . 

··········TPfiiroftiE ···························· .. · .. ·TPriirofti[ ··································"!"Priirofti[···· 

HelioX PV neo)( CPC bp" ! HelioX PV neo)( CPC ap· ' ! HelioX PV neo)( C1'E . , 
···················T2(ii·j ··· 

.... , .................................... , ................................... . .... , ............................. . .... , .................................. . 
i 315~m ± 5 % 

! 15· 1.880 mm ! 15· 1.880 mm 15· 1.880 mm depend.oncustomer ! depend. oncustomer i depend. oncustomer 
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... Qual rele: 'Nhile backsheelS have !raditionally been a passive part 01 Ùle module. offering electrical insulation ... More economical: US-based Cl'P"s new prodUCI. me 
800 prelection. they are llOW also being designed lor the conductivity 01 high-efficiency celi conceplS such 8S TPE 500. is a less COSlty version 01 Ihe traditional lPT 
back-rontacl cells. AI the recenl SNEC!rade lair in Shanghai. ltaty-based Coverne announced 8 firsl conductive bactsheel. in which Ihe inner ledlar layer is replaced 
backsheel lor modules made 01 back-<:ontacl oolls . by an ethylene primer. 

nar-ba.sed Herema GPE 500 (this year, Cpp has 
not listed its Hemera EPAG 1000 for thin-film 
applications and Hemera GPP 1000 (SIL) used 
witb silicone encapsulation malerial). As witb 
ali ofCPP's products, tbe TPE500 is composed of 
PET sandwiched between Tedlar on tbe outside 
and ethylene primer on tbe inner side. 

BuI Wemer Knunlacher, tbe vice president of 
research and developmenl al lsovoltaic, says tbal 
while tbe use of ethylene layers on tne inner side 
are known IO reduce tbe COSI of backsneets, his 
company prefers polyamides. F1hylene, he says, is 
in danger of melling wnen temperatures go up IO 
175·C during lamination, meaning that tbe tbree­
layered backsheet is jusl left with two layers. 

lsovoltaic also has a new produCI, its lCO­
SOLAR APA 3G alu, which exhibits zero water­
vapor permeability for thin-film applicalions. 
The ICOSOLAR APA 3G alu is similar lo lbe 
ICOSOLAR APA 3G, which was launched in 
2012, buI has an aluminum layer between tbe 
ouler polyamide and the PET layer. The addi­
tional aluminum layer eliminates waler penne­
ability, but increases the weighl of tbe backsheet 
by 70 g per m' to 528 g per m', which makes il 
tbe second most heaviest produCI among tbe 
non-fluoropolymers in tbe survey. The heaviest 
prodUCI is Skultuna Flexible's 3P2SQ - launched 
in 2008, which contains a modified EVA primer! 
PET!PET!PET - and weighs 543 g per m'. 

lsovollaic, which last year started using modi­
fied polyamide for a few models, has now re­
placed treated polyamide in tbe backsheet witb 
the modified version for ali of ils products as a 
way of reducing manufacluring COSI. However, 
lsovoltaic did noI say by how much. The compa­
ny, which was using a special surface trealmenl 
IO improve adhesion oftbe polyamide IO the en­
capsulation, now achieves tbe same by modify­
ing tbe properties of tbe malerial, tbus eliminal­
ing one process Slep. 

However, tbe compatIy stili uses a surface treat­
menI on one ofits backsheets - its ICOSOLAR TPA 
HR - but this lime IO promote refleclivity. Lackner 
says that tbis can increase tbe perfonnance of tbe 
module by approximalely 1.S percenl relalive. 

Another provider of fJouropolymer-based 
backsheel produC\s is US-based backsheet suppli­
er, FLEXcon Inc., which has listed a prodUCI thal 
il launched lale last year but which appears fur tbe 

first time in this survey, its KPE 156, a Kynar and 
EVA sandwichinga PET film. The KPE 156comes 
in a tbickness of 322 Jllll and is available in color 
combinations of black and while on the inner 
and ouler sides. Since il is 6 Jllll thinner tban the 
KPE 12 (launched in 2010), tbe new product has 
a higher waler-vapor penneabilily of 2.3 glm'd, 
compared to tbe KPE 12 witb 2 glm'd. 

Honeywell has also listed a product Ihal it 
launched late last year, its PowerShield CooI Black, 
which is similar IO its existing while-colored Pow­
erShield 3W. buI black on the inner side. The 
PowerShield CooI Blad: is a PET film sandwiched 
between ECfFE on tbe ouler side and a bonding 
layer on Ihe inner side. This backsheet, available 
in a thickness of 309 pm, has a water-vapor per­
meability of 1.4 glm'd. The company puls tbe 
maximum syslem voIlage at 1,000 V and claims it 
can withstand 3,000-plus hours of damp heat. 

Mullinalional lechnology corporalion 3M, 
which stili sells fluoropolymer-ba.sed backsheels 
(wilhoul Tedlar), has entered tbe non-fluoropo­
lymer segment witb its poIyolefin-based 3M 
Scotchshield Film 800. This material is not new 
lo tbe PV induslry, as poIyoIefin-based encapsu­
lation material is already available on tbe market, 
offered by both Milsui and Spain-based Novo­
Genio SL In addition, Sweden-based Skulluna 
Flexible AB has been offering polyolefin-based 
backsbeets - its IP200 Al for Ihin-film applica­
lions and I P2QO Plus and I P200 for crysta1line 
applicalions - since 2011. However, ali of tbe 
polyolefin-based backsheets from Skultana Flex­
ible use PET as tbe core layer. 

3M's new prodUCI is a co-exlruded backsheet 
tbat eliminales adhesives and tbe possibility of 
delamination. The 3M Scolchshield Film 800 
comes in lwO variations, witb blad: or while on 
tbe inner side. 3Ms malerial of choice enables il 
IO withstand a maximum system voltage of up IO 
l.soo v, by far tbe highesl in tbe survey. Another 
bendit is its water-vapor permeability of 0.4 lo 
0.6 glm'd. better than many non-fluoropolymers 
tbat range between 1.8 IO 3.5 glm'd. 

Backsheets for high-efficiency cell s 

In this survey, lsovoltaic is tbe only company 
IO have listed a conductive backsheet for bad:­
contacI cells. Its lCOSOLAR TPC 3480, a PET 

film sandwiched between Tedlar and copper, not 
only protects tbe module, but also provides tbe 
necessary conlaCls for tbese high-efficiency cells 
where ali of tbe metal on tbe sunny side of tbe 
celi has been moved to tbe underside. However, 
such celi concepts are stili al an early stage of 
commerciali1.ation and tbus backsheets have IO 
be ruslomized according IO tbe celi metallization 
pattem. Krumlacher says lsovollaic is working 
in dose cooperation witb severa! R&D groups. 
While conduClive backsheets may soon be tech­
nically ready for tbe markel, tbe major drawback 
is costo Krumlacher claims tbat tbe company is 
working on whal he calls an .. ambilious COSI­
down roadmap._ 

Though Krempel did not lisI any such prod­
uCI in tbe survey, il daims to be tbe leader for 
conductive backsheets. Brust notes thal tbe chal­
lenge is not laminaling Tedlar, PET and copper 
logether - .. that can be done by anyone, .. he 
believes - buI ratber patteming, protecting cop­
per and ensuring good adhesion IO tbe contacts. 
And unlike tbe standard variety, such backsheets 
must provide botb insulation and conductivity as 
weIl, says Brusl. While Krempel supplies Ol.inaS 
Tianwei New Energy, one of tbe few companies 
witb commerciai modules made of meta! wrap­
tbrough (MWT) cells, tbe sales numbers for tbis 
product are stili very low . .. There is no real mar­
ket for MWT, .. BrUSI believes. 

Stili, it seems thal at leasl backsheel suppliers 
are preparing IO conlribute tbeir part for tbis IO 
change. Coveme is another company tbal has 
started offering a conductive backsheel, but it 
also did not lisI it in this survey. The Italian com­
pany offers its EB Foil, a new customized prod­
uCI, inlensively promoled al recenl trade fairs, 
where Coveme patterns tbe copper according IO 
tbe customers requirements. 

Damp-heat test a marketing gimmick? 

One difficulty in trusting the usefulness of 
lesting backsheets fur weatberability is that tbe 
Intemalional Eleclrotechnica1 Commission 
(IEC) only requires a lesI of 1,000 hours under 
8S ·C at 8S percenl relative humidity. Covemes 
Anderlini says tbal many module manufuClurers 
- especially in Europe - are demanding twice 
that as a minimum requiremenl. He claims that 
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~ Differenl materials. differenl strengths: In the data 
we received from companies OlI t'JA 1'001 StrengÙl, 

polyolefins are il clear winoer witll iln average 01 11 .5 

N/mm (left). The 1'001 str~th OOI\.YeeO layers is an 
irr(lOrtanl parameter thal determines me extef1! 01 00-

hesion; SFC has listed 1'001 strength values 01 5 N/rrm, 
which puts its Tedlar-based prodUCIS al the topwith an 
a'tt!rage peci strength 01 1.82 N/mm (middle). Another 
importanl parameter is tha water-vapor permeability 01 
me backsheels (rightl; leading me dian is potyamides 
with the ICl\'llest water permeability 01 0.45 sfrn'd. 
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ali of Coveme's badsheets can withstand 2,000 
hours of damp heat and that its PET-based dy­
Mat PYE 3000 can go up to 3,000 hours. Lackner, 
who claims lhal lsovoltaic was Ihe fust company 
IO go IO 2,000 houn, believes thal higher damp­
heat resistance tests than what the IEC requires 
are an imp<lrtant figure, as il _shows lbe quality 
of the material .• 

Krempel's Brust says that some researchers 
think that the current damp-heal test mighl not 
be the best test to determine the weatherability 
of the maleriaL . They are looking for combined 
leslS in which Ihe backsheets are exposed to UV, 
humidity and lemperature under electrical load 
to simulate real-life conditions ... As il is now, says 
Brust, the damp.heat lest . is more or less a maI­

keting strategy .• For him - as probably for ali the 
suppliers - the mOSl important factor is . the pow­
er outpul at the end of the life of the module ... 

However, after Ihe idea for a special standard 
for back- and frontsheels was first born 5 years 
ago, when a working group was started in Ger­
many. In March ofthis rear, the IEC TC 82 posi­
tively voted on a New Work Item Proposal for 
IEC 62788-2 Edition I with the Title Measure­
meni procedures for Materials used in photovol­
laic Materials - Part 2: Polymeric Malerials used 
for Frontsheets and Backsheets. 

Increasing module performance 

Regarding power output, tbis is one piace even 
bac.ksheets can help a biL While the badsheet is 
generally considered a passive component of the 
module configuralion, il can slill be vilal in im­
proving module perfonnance. Bac.ksheet manu­
facturers are working on increasing the reflectiv­
ity of the sheets. Lac.kner says that Isovoltaic's 
ICOSOLAR TPA HR, a PET sandwiched between 
Tedlar and a polyamide with a special surface 
lreatment that enhances reflectivity, has a reflec­
tance of 83 percent, while Tedlar alone just has 
71 percenL As menlioned earlier, he dairns tbis 
benefit can result in increasal. performance of the 
modules by approximately l.S percent relative. 

Anderlini says that Coveme can go further, 
claiming that ali of its non-fluoropolymer prod­
ucls have a refleclivity of above 85 percenl (Hon­
eywell also says il can reach 85 percenl for some 
of its fluoropolymer models). He says the com­
pany is stilI investigating the addition of white-

... Mooilied: lS<MJIta ic. lYh ich lasl vear slartoo usirog m<XIilied IlllyooJioo t<. a few 
models. has llOW replaood lJeated Illlyamioo in tre tJacksheet IYith the mOOilied 'M­

sioo lor ali 01 its prodLCts as a way 01 reducirog manufactlM"ing COSl The company. 

whictl was using a special surface treatmenl lO imprM adhesion 01 me IIIIYOOlioo to 
the encapsulation. JICI\.Y achieves me same by modifyirog the properties 01 the materia!. 
thus el iminating one process step. 

layered films on tbe inner side that can improve 
Ihe refleclivity to as high as 9S percent 

New polyolefins - high quality and 
low-cost? 

In the paSI two years, wafer, celI and module 
makers have strongly pushed material suppliers 
IO contribute their pari in hringing down COSI to 
be ahle to cope at least somewhat with strongly 
dropping module prices - and backsheets are no 
exception, in spite or contributing oruy a small 
fraction of the total module costo However, thete 
are severa! trends IO cut on bac.ksheel: costo First­
Iy, the inner fluoropolymer can be replaced with 
a primer layer, as fluoropolymer layers are more 
expensive than primer layers. Secondly, the fluo­
ropolymer films with halogen coatings can be re­
placed - while coatings need high unifonnity, it 
is stili more economical than any fluoropolymer 
layer. Finally, fluoropolymers, whichare the most 
expensive part of backsheet composites, can be 
completely replaced with materials a.s shown 
in the lable for non-fluoropolymer based back­
sheets (see table, p. 51 - 54). However, the nùing 
is stili oul to what extent products withoul fluo­
ropolymers can match the quality of fluoropoly­
mers containing composiles. There are as many 
opinions as suppliers of different products. 

Another effeclive cosI cuning method is the 
co-extrusion processo In this survey there are two 
companies thal offer co-extruded products, 3M 
and U$-based Madico. 3M's new products - its 
3M Scotchshield Film 800 While/White and 3M 
Scotchshield Film 800 WhitefBlack contain three 
layers of poIyolefins Ihat have been co-exlruded. 
$uch a process eliminates two adhesive layers IO 
reduce theCOSL In addilion, the whole backsheet 
beçomes a single layer, which eliminates the 
probability of delaminalion inside that produCI. 
$tiIL the lamination process has IO be adapted to 
make sure tbe polyolefin sticks well lo Ihe EVA. 

However, in the case of Madicòs Reflekt and 
Reflekt Prime, onlyone layerof adbesive iselimi­
nated - just two layers (PET and EVA) are co-

eXlruded, while lbe outer layer is a fluoropo­
Iymer coating. The water permeability of the 
3M products is in the range of 0.4 to 0.6 glm'd, 
depending on the thickness. Madicòs backsheets 
have a water penneability of 2.5 glm'd for a 
thickness of262 ± 261lffi. 

What about polyester? 

While severa! new pure polyester-based back­
sheels have been offered for the last few years, 
there is no new developments on these PET prod­
ucts. AlI ofthe polyester-based backsheet suppli­
ers commonly offer PETfPETfprimer as a stan­
dard product with varying thicknesses resulting 
in differenl backsheet properties. 'While Il of 
the 15 products listed in the survey use the PETf 
PETfprimer compositioo, leading PET-based 
backsheet supplier Coveme offers seven PETs of 
which five are based on this composition. 

A total of seven companies in this survey are 
offering PET-basal. products. However, the first 
company to launm PET-base<! bac.ksheets was 
Coveme in 2008, folIol'.-ed by US-based Dun­
more Corporation in the same year. In 2010, CPp, 
FLEXcon and UK-based Toppan Printing Co. UK 
Ud. launc.hed their respective PET-based back­
sheets. The last to enter this market in 2011 were 
France-based MICEL FiIrns and Krempel, thelat­
ter being stili a strong proponent of flouropoly­
mer based composiles. Though the competilion 
has inaeased among the PET suppliers, Covemè 
Anderlini says this is an indication of the mate­
rials ac.ceptance as a standard backsheet. 

Whal the future holds for the differenl ledrnol­
ogies used fur backsheets is nOI. complelely clear. 
It is quile evidenl from the current market condi­
tions that the mosl importanl driver is the price­
to-quality ratio. While the supporters ofthe some­
wbat more expensive Tedlar-based backsbeets can 
poinl to a slight uptick for Dupont's PVF prodUCI 
over lbe last survey after years of decline, fluo­
ropolymers in generai are finding inaeasing com­
petition. NOI. are they inherently more expensive 
than PET-based non-fluoropolymer backsheels, 
there is also new competition through U$-based 
giant 3M, whic.h is inlroducing a product based on 
polyolefins Ihal promises lo be - al least when pro­
duced in large quantities - significant1y cheaper 
than even high-quality PET. • 

flarther infonnation 

ContaclS page 94 
The detailed prodUCI descfipt.ions are exclusively 
available lO sooscfibers is an extended PDF versioo 
($00 appendix. p. 127.-128), which can be d!JNnloadoo 
al WMV.photon.inlo 
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