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WO 2008/ 074879 PCT/ EP2007/ 064416 METHOD FOR MAKI NG

SOLAR SUB- CELLS FROM A SCOLAR CELL The invention
w@eosar439 t o a nethod for making solar sub- ceP¢HEPI00M64416

a solar cell. Wth the manufacturing of (thin film

solar nodules it is essential to divide the cell into

a nunber of sub-cells 5 and to connect the sub-cells

in series thus form ng a nodule. The current path and

the current density are limted so that |osses due to

el ectrical resistances are decreased. The nodul e

vol t agr HOD IFUH easeNG GAIrR JUBfJHIS. PetHe MIJOLAR CELL

possi ble applications. In the case of thin film

technol ogy 10 the nodul e consists nostly of a nunber

of ribbon shaped cells. The cells are nonolithically

connected to each other. Between two adjacent cells

t he frdhite elecenbidenapdrtaenpack aehethpddéoarmaking solar

Siﬁggr%;gtgd. BetMEﬁn t he gmo interrupts the front-
HRdCPhE Atk ePeltrdde “alé el ectrical Iy connected. 15
The primctipathé ayensrottarihgnofi (onsel ai1ael boBEL modules

.the transparent conductive oxide _|ayer (front
18| é€t PBgENtapLl fRedivdécofheneeddl anteek niFber of sub-cells
aESCEbVéénhegkd%B% Ebghgéilstqﬁ @8&&%@ Eﬁ%%rgg%mgng module.
silicon) and the netal |ayer (bac el ectrode, at t Re
Tbthenrsede phthhensokae cekkEntAbsostiheg 2@esabstitatieso that
that carries the cell be inportant. For obtainin
L88rPRsTUBNhBCECL RO FAPAOFARCESI PES AGFREPFFYr natie
mbahl W8yt REECesS i pbepasanespeedad: it The tkr aasparent th
conductive oxide (TCO layer that is deposited onto
PeReibpgrasspligbsirace I8 phet eppedowi thin25ipar aelcenology

£ HLOQYES1  ThE 9L e % é@e [ E% rupts Ln %h ront
R R e R e s H e
catlsveThe. geldkl aeenphohayetht bal lyscdapesicbedtoveanchheéther.
TCO | ayer is also Eatterned with parallel grooves. The
Between  two adjacent cells the front electrdode and the back
electrode are interrupted. Between the two interrupts the
front- and the back-electrode are electrically connected.
The principal layers of a thin film solar cell are
the transparent conductive oxide layer (front electrode, at
the side of the solar cell which receives incident light),
the active layer (e.g. silicon) and the metal layer (back
electrode, at the other side of the solar cell). Also the
substrate that carries the cell may be important.

For obtaining series connected thin film solar cells
normally the following process steps are needed:
e The transparent conductive oxide (TCO) layer that is
deposited onto the (glass) substrate is patterned with
parallel grooves. The grooves form the interrupts in the

front electrode.
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grooves formthe connections between the front- and
the future back-electrode. 5, The back el ectrode that

w0 20080p339 t ed over the active lTayer is patterPEHERIDTI064416

grooves that formthe interrupts. For avoiding

excessi ve dead zones the patterns in the three |ayers

must be as cl ose together as possible and the grooves
i ITHehexatdeoUus Iy esisl imust) Henyas naratow asiqussitd®.over the
10 Very accurate repositioning is essential. This

kniGith Jp5ceds iad %9 ma tdSHARA iy 1 meg altlel @racuss - The

U R1RR REPHALE IHLCRTH L BRhs M WP ltde D8CAHSe By the
t He accuracy demands. Particularly, with thin film

S&Ué'-ﬁlrec@laIOéi—@iefdtesddcﬂ . substrates, the change of t he

a I 5 |nen3|ons due to the dep03|t|on of t.h
%% Cik &S & itcCatdeBv St QVia (G estaéﬁ"—l"e layer

patst %ramtrég;n@rdo %S grotiRf AR hehd ithea [dpmand iy, a
sinple nmethod for %« ng sol ar cell nodul es, which can

be perfEﬂHﬁﬁVQkﬁ%ﬁ%l¢KﬁQﬁSixﬁudaﬂdnﬁn@eqm#ﬁ%wpﬁﬁterns in the
£REQCCP3.-20 A.00epst R BYQees fias, beel PLODOSEIN . ¢

er enc

gdobyed998. tw@coaﬂnags 1ayébstmas@c555a§fhafrdepQSIpbsglble.
all needed |l ayers at the substrate (netal
V%EEka%F%E%F%dﬁepﬂfFtFQVéPgaha £TEPBELZRO  front

el ectredg)s KR PRWESs Of s di fferents Bepipss weee mde

25 by selective | aser scrlblng I n one process step,
1@Y©bve&Mthheetﬂ@pdeepesprgceavesuepﬂ, tandheospbskrheeause of
| ed with onpou

el a i ity Uetabls sobRtt SbiRe- FRaT R PE e B8, Eifpoatar

c¥Bbs fohl elexibhe ascostuet sy pastendhaé oevenkapstthel
|nsulat|ng paste in the deepest groove to form 30 an
dppert+Pral dednhecttendere AbehOR hef bERR bRERTFO#E aﬂdextra

cé lléé@féne&fgﬂrgdﬁulgbe Qﬁlégﬁgéfngﬁ oﬁfoggﬁ@
e active NP layer Is terrupt| nin the front
electrdmaréﬁmnernﬁdnﬁiﬁs a demand for a simple method for
making solar cell modules, which can be performed in a single
continuously performed process.

A one-step process has been proposed by P. Pernet et
al., Proc. 2™ World Conference PV, Wien, July 1998. According
to that process after depositing all needed layers at the
substrate (metal back-electrode, NIP layer and ITO or ZnO
front electrode) three grooves of different depths were made
by selective laser scribing in one process step, after which
the deepest groove down to the substrate was filled with an
insulating compound, and the second deep groove down to the
metal back electrode was filled with a conducting paste that
overlaps the insulating paste in the deepest groove to form
an electrical connection between the back electrode and the
front electrode. The shallowest groove down to the active NIP

layer is the interruption in the front electrode. This method
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WO 2008/ 074879 PCT/ EP2007/ 064416 appeared to be
unpractical for commercial praduction since the |aser

W@ 2008074870 st ep cannot be performed in such manPEr/EP100Z064416

shunting in the open grooves is always prevented. WD
2005/ 015638 describes a nethod for providing a 5
series connection in a sqQlar cell foil based on a

PERAGFEr VO BELERPARETHRELe T RTpSPISE CiAe BERSPFALEN §ince

thet abned 9Brthengsakap eghhotoblk 8k khenkbacahi Qucff manner
the interconnect, so as to obtain a cap of a
tpest ebunténgatar the openhgrionvescomnnedwaysOpkeviestad.

obj ect b W, jon to provide one-_step net hod
t hat ca@éb%&ﬁ%%fﬁél S°ah Fo | TEYI9S § Up grovding a
semtiser connetbisnend a pooaesselihatoper phksdabh Beed@@orary

tterning in one process step has been devel oped.
SEEﬁEéaﬁﬁ WRETE eRoRPEF oRENGPPs SHREBEALENESpFBERSEEASON the

sbasgt @Qﬂlr§5§li¥€|¥héiﬂBEQtEanSfC?BEi?thHEonx €t, sq as to
patterni ng takes place when one of the electrodes an

obheincti veprl ajed haveebeemedepositietl oontbet heterconnect.
substrate. The invention pertains to a nethod for
maki ng a solar 20 cell nodule conprising solar cells
connect®d i HeldiLfact ONMIHSI NrendidiSit £lBed vy e, a adhe-
active layer, and a second electrode, wherein at ‘
SterRstebhedofNahecinrRe apEMeEebAdlY chRliodesni g geliable
mifAQsparent conductive oxide |ayer, conprising the
steps of: 25 a) meking in a system conposed of at
| east dcslbsits atrel covperdaa sk hheat foarstited ectlr aoeeded
|l ayer,.which first electrode |ayer is overlaid by an
pefY LA G e Sh PedetSinatam bbbt frer onéaYsiee no
répb el f UPh10f, i IOV E=@ ONEdpREcaBs | NEer 8Pt ah A FBEatively
front electrode and the active |ayer and a second, 30
S}HR £ comneet FRr e oove. t RReught tdendey i vekeayptacehehen one

of LRl PO PEROD LM OONE 2 BE1 D8 POFLLIRLGE 5L8%%abBosited
onto the substrate.

The invention pertains to a method for making a solar
cell module comprising solar cells connected in series,
comprising a first electrode, an active layer, and a second
electrode, wherein at least one of the first and second
electrodes is a transparent conductive oxide layer,
comprising the steps of:

a) making in a system composed of at least a substrate
overlaid by a first electrode layer, which first electrode
layer is overlaid by an active layer, at least one pair of a
first, interruption, groove providing an interrupt in the
front electrode and the active layer and a second,
interconnection, groove through the active layer, the first
and second grooves being positioned close to each other;

b) inserting an insulating compound into the interruption
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b) inserting an insulating conpound into the

interruption 4 WO 2008/ 074879 PCT/ EP2007/ 064416
wW@e@eNBI87L) applying prior to step b), sinultaPEDEB1097/064416

with step b), or after step b) alift-off conmpound

onto the active layer at a position adjacent to the

i nterconnection groove on the other 5 side of the

9rRC&Fconnecti on groove than the insulation groove; d)

PRLYIRY ngher98¢0RE Shept E9de Sayen Gl veikayetep b)),
c?hebﬁlggapa an conpou%% gzd t %%lt%%%o %lgonﬁoung;ep Jroor
aéhdreﬁteanbV|agluﬁe biftft cofmpocorpoutd ahd theive layer at a

over l.ayi ng.seco 1 rode at that position
OB BT ki i 207 36081 Rt ABSs COBRECCBr 6t Palie B PRVE 8 Gpe other
sotiet BE precessecaeenhdtigohogt-Bevienvaahi @Re ankuNstion

interruption, groove is provided which provides an

gFﬁP@?iupt inthe front electrode. In a first

Irsgugﬁﬂgtgﬁeléehéha gi88¥§od@pebg9aghg Qekﬁv@hggygg? the

rode 1s a transparent conductive oxi
ihayértand whepotthé &ndstheeléftrodé cesmpometial abdck

| ectrode rupt is maki a

§ BRI RhobbR LRECLRERy aofagBRdantes na% praridying second
ebbectbadeatayrat bBsanobhetoepbedi AeAt gebot/Beipr ea8Nkecond

20 invention, applicable only when the flrst el ectrode

e?§05roﬂ?ansparent conductive oxide |layer, the

interr rovi t 1
act i ve%ayéet?eplonaqs éjﬁdc %nfr%éyﬁgh%%%%fq a@ncggcg}?%njtmentlon
acﬁhdsttiyatexrdptiayerngOVEtEbfpedvadedthﬁlbb0§tb0mdes an

of the insulatin roov to forman insul ating
1 QLet T Gnt "DheChAt BF Pl TP HOFRGC el Bbt Folb R by BHboRAment of

tﬁﬁéSgrbéﬁéeraSﬂPQQéﬁﬁ@thﬁﬁ WBeARHR0F L he £agtrihat is a
some materials used as electrode naterials show

tyansparenti opndhenisabpettdedlayeorsandli ghent thaefgyst
QSt¥b&£'féeg ﬂg{gilgacksefectrode, the interrupt is

provided by making a groove through the active layer and the
first electrode layer. In another embodiment of the present
invention, applicable only when the first electrode is a
transparent conductive oxide layer, the interrupt is provided
by making a groove through the active layer in such a manner
that the transparent conductive oxide layer is vitrified at
the location of the insulating groove to form an insulating
section, the interrupt, in the electrode layer. In this
latter embodiment use is made of the fact that some materials
used as electrode materials show vitrification when subjected
to sufficient energy. The vitrified material is not
conductive, but insulating. When a material of this type is
used as electrode, the insulation between two solar cells can
be obtained by providing the first, insulating, groove

through the active layer while providing sufficient energy so
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conductive, but insulating. Wien a material of this
type is 30 used as electrode,; the insulation between

wo 8eDI82y cells can be obtai ned by provi di ngp€TIEP2007/064416

first, insulating, groove through the active |ayer

whi |l e providing sufficient energy so 5 W) 2008/ 074879

PCT/ EP2007/ 064416 that the el ectrode |layer is

thptr thPed L& ERES dedfTonSol itRé firds atathRg lgrasden of the

lheu@a%lﬁgb%%@s%t 3l BRer e%bala%nt aPRLARY %&%h an
wavel ength’is used to conbine the provision of

agpggpélaﬁetwgvadem@éhlayeuswdthovnbmbﬁmeathenpmbvuheoﬁ of a
underlxln% tran%pare t condu |ve oxide

9I5PEEt Bn TBF &N & Sp 85FFaWé it ﬁgéFFSﬁ%HePﬁoahe

unbehipihbe tseapeaektna cghahbeﬂv@eb&qae duikahl gelection of
el ectrode materials for this enbodi ment i ncl ude
aPnéPBﬁPPFﬁaéﬁlHétr%ﬁﬁéaB%PHemeﬁpﬁ@ éﬁl&éthéépéaewﬁFﬁpe of a

sﬁhmaugner&wor su_eztag%' wgbt%dg%%e 2%1 ml@&s

oxi d n oxi de, metal stannates, Such Zn or
esbadnates, ianduBedopddusnO2n SbidepedlSnO@xldedopedc oxide

TCO, su as cuprate for_exa . Sr - base rate
SRSt s BaUEBUE: “ELuPEARE. oHB o iine OF POEOR goadintum
orl@el reda arddehemsegondtghfetegdesushaakr aaspar eat

conductive oxide layer. If both the first el ectrode

Sﬁﬁﬁn@ﬁ@srséééng gPeeflr 682 ar ebrfanspasent  cendapefvECoO
sQEhd g¥5£§te§ %891e§5ﬂ5§8a ?ngaggbagu ggke ySten]ls

al ne However, it Is erre ne of "t he
first el ectrode and t he second 20 electrode to be a

trans ent ondu ive oxide layer, while_ the ther
f T he e T e B The St brfhe] Sot e 1S

ebaskrehigchnadenet Batohs, e@eB@BoEéaQ§p§f%Béngﬁéﬁént
| ayer. Because the back el ectrode helps to reflect

conghetbuekornde laerersolfrbeeh| theeflissef elprsrode and the
-SSR SULBEL O BoUEEol LY ShOn R, 28 ILSbet el liglongyece,
semi-transparent solar cell system 1s obtained. However, it
is preferred for one of the first electrode and the second
electrode to be a transparent conductive oxide layer, while
the other of the first electrode and the second electrode is
a back electrode, that is, a non-transparent metal layer.
Because the back electrode helps to reflect light back into
the solar cell, cells of this configuration generally show a

higher efficiency.

In one embodiment of the present invention, the first
electrode is a transparent conductive oxide layer deposited
on a permanent substrate, e.g., a glass substrate or a
temperature resistant transparent polymer substrate. Within
the context of the present specification a permanent

substrate is a substrate which will not be removed before the
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el ectrode is a transparent conductive oxide |ayer

deposited on a permanent subsfrate, e.g., a glass
wGesHTare or a 30 tenperature resistant transSpEr/EP1007/064416

pol ymer substrate. Wthin the context of the present

specification a permanent substrate is a substrate

which wi |l not be renoved before the 6 WD 2008/ 074879 .

SPEFFEPSOB 7664886 YsdP&r USEI| 1Ns aneidy s GRbggdmeny, the first

e@@@%?%ﬁeeﬁgogi%%@Bsp%@%n&!E%Bdu%kgggrQQQdES&%yer deposited
transparent conductive oxide |layer deposite on a
oneapbeAPyraglysisubistéraVet hilnthhe toet exnteftt loé phesemesent

ecification_a,tenporary substrate.is a substrate .. :
SRRCGRGATT OB Bo tPANGYEA"T POR CHE TCH DEr SPESLRE EofRich will
beekkmbseduitt-ahl enhkorcousefoPeoensses1vheceiln sesustable for
made_of a tenporary substrate are known in the art
Usfd HESEFSBEE MRETPSR BRE&npFeladp 0§gp1388pogAry substrate

a¥@9966958§n kﬁeaaEErg ardgggggbggnﬁn,t@grfk&éhple, WO

el ectrode 1s a back electr posited on a

9péiaBAZNOroWO20/48kP8r aly sulistthte. embogénenal,, the fsrst
referred.for the substrate usgd in, tge process ‘
oLt FAffigt ot RECKnTEREFORICMNEEREPLFEY 87 PERPBPSFY ©F
temhparpeynBaBBt rsubstrate, to be in the formof a
foil, so that the process can be carried out as a

rol | -t ot BRF AL priveess . Privee i df e rnthaherles irate used in
t{xérﬁfo%ggtgeggahén _tBr@HéP?B@gh%ﬂdu%b‘égegx&‘éeis a
ayer ep enp S

ich1s osited on a orary su rate
tehpcharg arnet pkrhenéntssahsatétagt twebeethodhpefibrof of a

the present ipvention. 20 The enbodi nent wherein th
£61 L5t >l BAPF oHBS| BEACCF FafiapaPEntaEBhancPPe8xFEOTILto-

rbayepr¥bis8.is deposited on a permanent glass or
pol ymer substrate is also an attractive enbodinment of
t he pr ddentenbpdinggn, wikee gntidd et s wekedtrede is a

t££ﬁ§£a§éﬁ€t£8g8uE§i9ebg§§de layer which is deposited on a
temporary substrate which is a metal foil is an attractive
embodiment of the present invention.

The embodiment wherein the first electrode is a
transparent conductive oxide layer which is deposited on a
permanent glass or polymer substrate is also an attractive
embodiment of the present invention.

The embodiment wherein the first electrode is a back
electrode layer which is deposited on a permanent glass or
polymer substrate is also an attractive embodiment of the

present invention.

As indicated above, in between two future adjacent
cells two grooves are applied close together, a first groove
providing an interrupt in the first electrode and a second

groove through the active layer only. The second groove
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25 el ectrode layer which is deposited on a permanent
glass or polyner substrate is; also an attractive

wepdsdiasent of the present invention. As indiPEL/EP2007/064416

above, in between two future adjacent 30 cells two
grooves are applied close together, a first groove
providing an interrupt in the first electrode and a
S&&¥6Rd Logr 68¢e TGk oRE Cadony beltygen Ghiey frpré and the

b%%QOQQeQEQB&E 7F8¥§F%gg%ég7%§égﬁ8g14§€%%%7/qgéélﬁogetger for

serves for the e connectio tween th ront
minemiBack €hectleedezofike grooves are positioned cl ose
together for mnimzing the dead zone. 5 Next, the
first, insulation, groove is filled with an

InSUIaINé@tP0@@@UﬂﬂrsﬁyCﬁn@@léﬁhé@erér@@@e|D§Ufﬁll@@ with an
paste which avoids short circuit at that position.
ingpilesingi AeUPaENAy E€¥RPoBAdSNaiBesEgantc isisngpéingr paste

wHEhB'QQHESQGQBorhnéﬁkéh%gg %Oﬁﬂgﬁ'%bgﬂg %H@FT§E§CEEOWH

In the art epoxy resins o asi s
ibesphénol éompoﬁnderamé otbenipokyobie- sumhmaStlcomponent

.al i phat I I I d d
B bR OR PinEPREoBEEABBRO AN RHCEPORPRTUBRES oFFkee 3 <POXy

rbyliyk ofl yekdyhsekher, b@éﬁﬁéhoﬂ'%cbgyk ebhebf other polyols
2-et hyl hexyl gl ycidyl and the [ike. These
speBij ag ééﬁpb@té@nGéV€@§Svnﬂ@VQ$aPHeaﬂdsépogédp@uwd§h

%%Igaib hQE &IBQCQBSH%ngﬁQI gal§Ieg§ gg%ﬁITSEIaEuggl

y curi
gEycndglagEhés IckespmlgbgsndyaceﬂﬁeﬁndZaétdylhexyl glycidyl

dri des 0. and olyanInes am no resins,
e€€?§an?ﬂg the £I§%re eﬁ%l§?HI6FscaBoP9nEPEEEF5ﬁ€slnto

th@%ﬁésé@'gémpéﬁgdghﬁlgg Ihgedeéiré&'ﬁé@hsnﬁeénngnd

conditions for to the type of crosslinking reaction
el@ehricalV- phonbahingapedrentiag, bgtcuylnngbh peggaddition)

k) R P aT L T AoSalPTAnRE B B TRV ar s tap ccia
aphydal d€s, mono and polyamines, amino resins, polyamides,
polyurea, polythiols, polymercaptanes, Lewis acids, and the
like, at suitable curing conditions for to the type of
crosslinking reaction (heat, UV-photoinitiated curing, etc.).
With regard to the process rate crosslinking by means of UV
curing is preferred. Suitable acids anhydrides are phthalic
anhydride, (methyl)tetrahydrophthalic anhydride, trimellitic
anhydride, (methyl)hexahydrophthalic anhydride, nadic methyl
anhydride, dodecyl succinic anhydride, and the like. Examples
of polyamides are Versamid® from Cognis and Ancamide® from
Air Products. Suitable amines are diethylamino propylamine,
diethylene triamine, diethyltoluene diamine, triethylene
tetramine, tetraethylene pentamine, polyethylene polyamine,
1,2-cyclohexanediamine, aminoethyl piperazine, metaphenylene

diamine, dicyandiamide, diaminodiphenyl sulfone. The curing
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anhydri de, (nmethyl) tetrahydrophthalic anhydride,
trinmellitic 25 anhydride, (nethyl)hexahydrophthalic

wa@pivgdr4sde, nadi ¢ net hyl anhydride, dodecyl SPCTEP1007/064416

anhydride, and the |ike. Exanples of polyam des are
Versam d(r) from Cognis and Ancam de(r) from Air
Products. Sujtable am nes are diethyl am no

r6R6PyPANFAR, PedFatAYERE bvi ARFREPCERELRAYI PEI aéRENOLS,
pHEaphae, SLE st hygﬁegg 2 % FE@Q‘ Nenqat €LT2ELN¥LEREining

pentan1ne pol yet yamni ne,
cmmzocydbohéuah&blantheplananeeahyphptperamdneromatlc

nyl en dic i,am de, _di am nodi n
R ona  thot b1 o BetienatoBroTas b 3 PEobARCaR LTS,
bBQEh&BZ@QZé@Mﬁéﬁta@agth@mt@@ntbergﬂé@bﬂegab&tate, 1,2-

i ncorporation of alcohols henol s, acids, tertiary

eﬁﬁ?ﬁégloéngl§%?¥9@PE@ﬁF9FhPn@Cl@on%oén@%nzgn?ﬂawﬁéhaHOl
dRHéQE @5§c@£% %&i& aEdBaEQHE% t ?9£¥$5T|8£ﬁekbggtoacetlc

anedlt 1, 3- propanedi
abmdanédﬂfhemtenﬁénmaEhynbE|dmmeteapanaceaptoacedaté 4-

1,2- ethanediol b t oacet
o e BEROBREAT TR Rbl L OPRGF CAPPRACBF RongFRiol, 1,27

bdnBchenzesedinethapp] dhaergapt oreetigoeEtd, class of resins
1, 2- benzenedi met hanol di mercapt oacetic acid, 1

coppEERedi e haheYhroky - iuscbeﬁ@@heaeﬁ@mﬁahekﬁubydrqxz—

h h |
o4 DR R L PREL AL S0k 08y e FRAPS; 1 B2°
Dé$m@phgm®pxyhatemﬂ@n@r@dspbiyesdewsthppby§1§e¢ydnatss or

| yol s, Desno hené that are cross-1linked
P&fi’#‘b%ﬁ’i‘ﬁl%]gﬁ/%%at%s or ﬁ%ﬂ’%%@cy%uﬁ’%’%%sea%ea solvents
oﬁ@§8@gyi§r&sednpr$§p993€§eSQﬁ¥§D$§lﬁé OPhHORAL! Yntsedhe

to apply the insulating conpound into the = grooves
gsbhertd Peowldpor atezbpriavedtpriori hy. cuh@g Other

d
R e AR ot s Tr By ot bard affily (bt nongpers and

ad®y Bt dle (p£€)0) PoyiydEs Sor Cadr PEatisedot 0faldhesge
co ounds are preferably 20 crosslinked either by heat

QRAYW??%@‘%%%é”%h%&e too. These compounds aré preferably

crosslinked either by heat or UV in the case that a
subsequent lamination of the PV foil at elevated temperature
is performed, since thermoplastics (non crosslinked polymers)
are prone to bleeding under lamination conditions. Proper
selection of the insulating compound is necessary in view of
the required adhesion to the walls of the grooves in order to
withstand the mechanical loading of the series connected PV-
film.

Finally a second compound is applied next to the
second, connection, groove opposite the first, insulation,
groove. That paste serves as lift-off compound which prepares
the formation of the interrupts in the second electrode.

Typical 1lift-off compounds are cellulose derivatives such as
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subsequent |am nation of the PV foil at el evated
tenperature is perfornmed, singe thernoplastics (non

weewssrismked pol ymers) are prone to bl eedi ng RPCEP2007/064416

| am nati on conditions. Proper selection of the

i nsul ating conpound is necessary in view of 25 the

requi red adhesion to the walls of the grooves in order
hﬁéf@%&@ﬁ@ﬂén@eﬂﬁélﬁééhahwéaPXW@é@pﬁé eflinéoseri pglyethylene

ct Fi 0
oS ePAT BT el T IOk cpsesentaamotnLs,
po@ppsppglehe bxides, |psmyaungm aﬁaogmevandTmaktpaeée

lift-off _c ound whi ch prepares _the
REFRERr R GEUERE. Phe SPPUPESTERC, RE SOBSRADSI MEEF 5BaY be
ugﬁﬁbcéLngBthﬁfuﬁgnﬁﬁuggigéfﬁ eehbubesecdeprhMabbYepropylene

such as 9 WD 2008/ 0748 EP2007/ 064416
ghyaréxyEhR§E pelvurssearfyaporeplopylzed| vitbséiller

pQQkXS§E¥|§HSh ngc9gr 98%¥8588y|%2fcg|¥§9L llkFyVarle

pol'yet hyl enée oxi es,” polypropyl ene bxi
salfahel , samdca1xtMags(suhbresfmohtmbure$loﬁltmm,oand the

re of these nmers be_ 5 use a_mxtu
DR o PG aERE bl § oo mARET pol SprBpyPbhetag: JebF . Kromasile
£#bRSEKPE! NEBES. aTEe°§ﬂﬂP@£Yka§§Ql@”&nyhﬂégrbe an
particles such as, for instance, talc, salt like

e%@@n@ﬁbIGupﬁatecl@Ilf@a l@$a§n¢5u@hha§t expandable particle

I Pr ef I
E e e
piNobetled Thiea ti therspavént! s Myt aksbebe. an expandabl e

particle, for instance a heat- expandable particle of

the typd EaFardel (e Wdttereisol SmROYRG t Qﬂe£9Qnﬂpqﬂ;atlng

r d I ot
UL (R I A0PR0 NERL P b ELey g aneons

aQElE@@bb@ndOérbOG@p¢¢mm0@md$hensahe proeesso aIIow

o1 il 1e04s P LSl on o DALY SOV LN ton o
tigepDsit+OPf Ofompound lines before making the grooves. All
needed patterns have been made at this stage.

Then, the second electrode is deposited. By means of

a bulk process the second electrode is simply removed at the
position of the lift-off paste lines without repositioning.
After developing the lift-off lines the series connection
between the parts of the solar cell opposite the pattern is

realized.

The invention is illustrated by Figure 1. Fig. 1
shows the process steps of the invention. This invention
should not be construed as limited to or by what is depicted
in said figure.

1) Represents a solar cell comprising a substrate 1,

an electrode layer 2 and an active layer 3. The substrate can
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the lift-off conpound |ines before making the grooves.

Al needed patterns have beepynmade at this stage. 20
wab@s/0748me second el ectrode is deposited. By nREFEBPN7/064416

a bul k process the second el ectrode is sinply renoved

at the position of the lift-off paste lines wthout

repositioning. After developing the lift-off |ines
behanyePPES TédRnsOt PENPIBELAEEN Vihd FaPesterneHe lagear Thus,

tﬁ@lguBeEQ§EE605 ebgahgagn § ofzé %ﬁﬁlﬁéeghe%Qeoﬁ e.g.,
invention is illustrated b gure 1.7Fig. shows
gﬂh§Sprpoésme$tep$ oktehe bntemtlaan This® brveatieonp of a

msg ggd not nstru&g 'tgd to o% bé ghat i s

o R 2aa el lRe f Fliar subpfrhip: snbs & Sarhprasy
sﬁbﬁﬂkhﬁbn@raasp@&héﬂbﬁtlsubéﬁrQE@QtrOde llayer 2 and an
active Ia%er 3. The substrate can 10 WD 2008/074879

PCT/ EP200Y7/ 642 189 2 @l erat &r¢ Bl 216 dbeprbvilelebryf s ha pair
o@ Bﬁngégeq %axgrmaggusThetE?r%%ngggbg ggnmggenﬁﬁgoﬁeh both

a singl e sheet of, g mer, or
tbateléctandalieybe gadethp aﬁtavenmbyekayed sheustupad

The substrate be. a substr te of a
SRS RatiEs P LoBon the REEh e oYt Ry BNl dye hggrooves can
bel getieods kayerad Rahher8f sGEAOYESHY, ack8tPRURg, TBY chemical

first groove is made through both fthe electroge | ayer

chplingecnchbyvéapayertahdngheTbecortiteyr vovhofsigmaseferred.
AghigaQEaEQS agbiye L aYvep.on Yo Egsrgfeﬁgegﬁggg %geésrode is

I n several nhnners suc scratc
acheamspareatchonguotlbg basee Ehgbrngt Tbeallabt possible to
is preferred,  As jndicated above, in the case

d
pﬁﬁ%+§etﬁgefFF§?rEPBEtF%d%h?strﬁnFPéﬁ§BEr%ﬁ?dEGEHﬁ%tP%éde
l@%éﬁebyagﬁévh81h§ 8h80gPOSSLE LR EAGHPERYI deL i bE layer while

interru in the transparent conductlve oxi de 15 layer
e@§ubi@9|ﬂihglfh@a§1©nv@fthh@ughanhpaaentveOhdyetlwh|bElde
layer.

The width of the two grooves is generally <0.25 mm,
preferably <0.1 mm, more preferably <0.5 mm. The grooves
generally have a minimum width of 2 microns. The distance
between the first and second groove of the pair of grooves is
generally <1 mm, preferably <0.5 mm, more preferably <0.25
mm. The minimum distance is generally at least 5 microns.

iii) The first groove is filled with an insulating
compound 6, and a lift-off compound 7 is provided onto the
active layer at a position where it is intended to provide an
interrupt in the second electrode. Suitable compounds are
pastes as indicated above, which can be applied in several
manners known in the art such as with screen printing, using
ink-jets, ‘or using dispensers.

In one embodiment, a lift-off compound is used which

is a dispersion of a filler particle having an average
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ensuring vitrification of the transparent conductive
oxide layer. The width of theg;two grooves is

w@eenadsry <0.25 mm preferably <0.1 mm nor ePCT/EP2007/064416

preferably <0.5 mm The grooves 20 generally have a
m ni mum w dth of 2 mcrons. The distance between the

first _and second groove of the pair of grooves . is
PgEheFar| §12¢g ﬁﬁﬁagﬁéféhés|§ BHCEORT 1Rpre SpREf&PROPY 2

pS9yARr HRY Ehgo&w@h%uwwﬁbSEQBﬁeenécg%aeeahg¥e§%agﬁaétapplied

5 mcrons. iii) The first groove is fil
innsulayenghaf2ingoapsbndkéesandeasl thanoff m¢ompoundtd the

[ royided ontg th tiye_ layer. at a position where

wepePL8Y  Peratao vaeh, Pl 1A et HEE PpBoRRSt he second
el ect r ogie. t 1Sl t &b € LRSIPOUNASE S Ers Pastes asliddi gatelcles
above, which can be applied in several manners known

ipnat RelERersaehusdoni LR YepBenUpei AEI AYChuSiAgesEion
aHant§?§0u39 Hﬁ%ﬂgeg'épég§€5§ keuaﬂﬁgggbgg'Eﬁ@tg?gétions

ound i s used whic I's”a di spersion
WherEethpadLBpEEShaulmg appavedagetdlth¥0s2D68£0748780 that

P2007/ 064416 iz eater _than 2 crons
th S RaParPaR 8 kBt her Rabe St EBhELhev T 1 hchst
depesit odempgeaebak1Soappl tBEsei Poditayes BAVEAE 8ubstrate.
t hi ckness less than 2 mcron onto the materi al

Threvrdedtift havRE Fhpt- 66fnepnpenndcnsorflyhfgposited at the
pgg?ggﬁngfi Qsdé§9?r§éﬁgvgi gflkﬁé §8%§ﬁlkesthége8y providing

ol ymer SoT uti on used. Use o spersion
thdv@@$age@ugtyoeesumasthecbaYarn Iougheessfatinwhrted pattern
ersjon lied onto

1 BiEubt SFden LBST habS pRLTESbobatent Py R f BA Back Tt -oft

cO&hS&EAQUST | £ ek @MEbdDﬁénQOSH§@P§'br@@@PQEE§OH§EFleeé high
t hese positions of the substrate In turn ayer

vVipeesity noh- ﬁoﬁ@@@he@@éYyl@@p@@m@@dta@t@he oﬁath@rnolymer in
tﬁé'gyﬁvgﬁéytéeSBYlef éhghg gf$mérth@ﬁgb¥k959¥adbggson

will appreciate that the ratio of the amount of polymer in
the solution and the amount of dispersed filler particles has
to be optimized to obtain suitable coherence of the pattern
lines and adhesion of the pattern, which has usually the form
of lines, to the underlying photovoltaic layer and also to
obtain easy removal of the pattern afterwards. Suitable
polymers are cellulose derivatives such as hydroxyethyl
cellulose, hydroxypropyl cellulose, polyethylene glycol,
polypropylene glycol, polyethylene oxides, polypropylene
oxides, polyvinyl alcohol, and mixtures thereof. Mixtures of
two or more of these polymers may be used, e.g. a mixture of
polyethylene glycol and polypropylene glycol. The solvent
that is used may be any solvent that is suitable for

solubilizing the polymer. Preferably, the solvent is water,
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the desired grooves in the layer. In view of unwanted
pattern |ine-broadening, theqpolynmer that is used in

wo b@slo74re of f 15 conmpound of this enbodi nent sSPOIEP2007/064416

preferably display a high viscosity at a relatively

| ow concentration of the polyner in the solvent to

sol ubi i ze the pol ynmer. The skilled person wl|l
agpprecrate (Engt @ﬁéhﬁapﬁo stherelanBurPasrlpol Pred fidxture

rhhecsel ution and the anount of dispersed filler

particles has 20 to be optimized to obtain suitable
cohereﬁﬂ%aofllh@rpgﬁrbxml$$nEBaanmradMSsdoﬁoofpth@ldlng the
pattern whi ch, has u he form of lines

e EF D PRy B PO o Er R Epe Batg APsd vEG=SooParh i6agy oize
ofefdyal thhnt hempat-beknaatit ehvwandsproget-abhg b@0hh6&&s

are cellul ose derivatives such as_hydroxyet hyl
PeEFLGLESenaKBE0RPPAYBYRIEePRELASEE Eé??e?ﬁy?eﬁ@ microns,

mgk¥09kefe98b¥9rgﬂy @@?agbrggktleggygﬁgglSQeSOﬁ%dﬁﬁcrons Too

pol ypropyl ene” oxi vinyl alco , m xtures
coheseoparwhxﬂaseﬁagfglwaorosenbDeaoﬂoWhespapmbymemssolutlon

be used, e,g. a m.xture_of ol yet hy e gl.ycol .
BRloRar S REbpp LR h Jebrs - ThETssROLHTCSD Eha Tieiggeparticle
mﬁ?Yertém&,SthenllkBabak§uﬁUbh@bh@efOélliébUbbhb§|quch as

t he pol yner. Preferabl the solvent is water, 12
m?OG@POV&%#QHPEW)EP2097¥D64&166anPﬁPEQhéEd(élélca materlals

PﬁtE?D?%aseibEQOk oﬂégﬁﬁ@ok}omoﬁk oMighuie ¢ h@e%ﬁﬁéer
partlc es that are use °f o provi ding €
pdrspelslmayialshlbeeabodxpanuahayepaﬁtaUEEagéopaﬁhbchﬁce a
s and shoul d preferab

hR R s e P el Ratr o P B ag e RararBLE ShiBlebrsoluble

pgreﬂcnégr@ag ben@é@dpﬁﬁéeia@aytﬁatayﬁéagslgéﬁEIggenot water.
size of 5 m crons. Too coarse particles may give

The séispensiomeptpailéen p@gbhgt@@nlnandlgmewﬁde&utlon

ppgféggg%%lggéta¥$£|IESE%ngg 16he f$|é§rf9?5%gC£§F icles,

aruﬂnsufate
pfsﬂ@hahsy from 10-50 wt.$%

The concentration of the polymer in the solution and
the amount of dispersed filler particles have to be optimized
to obtain suitable coherence of the pattern and adhesion of
the pattern to the substrate and at the same time should give
a pattern that can easily be removed afterwards. This
optimisation is well within the scope of the skilled person.
As an example, when 100 grams of 7 wt.% hydroxypropyl
cellulose in a mixture of ethanol and water is provided with
10 grams of filler particles, e.g. Kromasil®, the polymer to
filler ratio is 7 to 10.

The dispersion is applied onto the photovoltaic layer
in a desired pattern, for instance by means of a dispenser.
After evaporation of the solvent of the applied dispersion, a

dry and rough pattern, usually in the form of lines, is left.
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nmontnorrillonite), and the like. Preferred silica
materials are silicas like Kigmasil(r) from Akzo

woRmel748The filler particle nay al so be an experERDB064416

particle, for instance a heat-expandable particle of
the type Expancel (r). Water-soluble 15 particles may
be used provided that the solvent is not water. The
Thes fePEr6n obf rPRPhBESFarti EhesPREtEERY AEReSolcani &f

larf%%mgbybgoehgegﬁo%t' %%Stf%qggﬁ &ﬂg}} Erﬁl 1 €0 the

particles preferably from1l
déepeentirat i bm dhet heepebgnerricncilhessakyut bad agdth20particle

the ntbog di spersed filler particles have to be
Sopti F618Btai n suitabl e coherence of the pattern

and adhlasl ol Hfemd el ot ¢ efie tiadihe: Babist s e1 apelr al s
the sane tine should give a pattern that can easily
apeliefpiBdaafhiriaeds. ofhilessophprhi dami6nons, werpferably a

tﬂﬁkﬁh@sghg Sgog oL Ehﬁlégbbgedmgfé ggefg§aéﬁyfﬁ.04 to 1

exanpl e, e O grans o r OXypr op
mcekbubose in a m xture of ethanol and water is

provided with 10 granms of filler particles, e.g.
Kromasil (r), the polynmer to filler ratiois 7 to 10.

The di spes sfbies apil i@tk Qs d he photowolgai LohBYEeE in one
30 in a desired pattern, for instance by neans of a

ngyepenser To ¢@@Ere@@abbeatpgh80ar@hélS@dventooﬁ bheck and

<00, 180, LSRELEL 00, o8 SN GNP BLLE! By USUR! bk
TﬁéﬂéﬁﬁmﬂeatD@A4ﬂﬁe§heoﬁegheegoéovéﬂgﬁn@sshefpabee lines must
b$| ter |ines can be influenced by the anount of

P paFt FeFesCRACt het HP@B%FsPBnSU%Q bheckvefagebe

m@@ﬁﬁé§|§e§t2§® &86h by 1 be QérEhgfema§§Z§rgb§érngﬁaomlne
5 1n this enbodi nent the back el ectrode | ayer is

papp$|@@nlheama%¢ckme@geomOVemsnthaﬁthnac¢on§;guratlon is
pg¥§%§ra%¥¥y s%%p% Qgsg Of19 Ql tolf B}géggg or e

The insulating paste line is applied on the deep
groove 4. The width at the part extending from the groove is
not critical, and may for example be between 0.1 mm and 0.3
mm. The height after curing is not critical and may for
example be <0.05 mm, preferably <0.02 mm, more preferably
<0.01 mm.

The distance between the connection groove and the
center of the lift-off line is not critical and generally
<0.5 mm, preferably <0.25 mm, which corresponds to the
distance between the center of the first groove and the
center of the the lift-off compound being not critical and
generally <1.6 mm, preferably <0.6 mm. The width of the 1lift-
off line is generally between 0.05 and 0.5 mm, in particular

between 0.05 and 0.25 mm, more in particular between 0.05 and

0.15 mm.
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m crons. 10 The grooves and the paste |ines can be
applied in one novenent. To {hat end the tools are

wo poos748m one bl ock and they are accurately pPSI/EPINTH4416
with respect to each other. The application speed of
the grooves and the paste |ines nust be equal in that
case. A nunber of such bl ocks can be 15 nounted next
to eachiBt hBre s3LEPRAE FRRATEEPIBOVR 1S afPPsHeed pai rs

can be ppde, i one fevengni 5@&@e%§cﬁﬁg'§ggéﬁéo 1lStrode is

particularly suited in aroll tor process
SﬂWQ&Natemngdsae thaeppsiapphi ed thet hefdeepf gae@eellnes

dt h th t endi f h
“35nR0E BPPRLEH ohLRa" niy cPhr SBYalTPenge tht Aden Bof e
taeds@rgesnﬁbnﬁhetmehgbbtaééartﬁ@rbagtbsOmOth@rsbua@Icell

and may for exanple be <0.05 mm preferably <0.02
ORBP&iprefBFaBRyteED. 0% HAPLTREddi ShanEempERhelA Fh@ lift-off

ceﬂBBﬁﬁB'QQnQEQO @reagmggebgngggegkeangfEhgesygEEmO&Eth a

line 1's not cri |ca an
SanﬁbﬁabBleGnQSfun1amhadhqueteegpomdd b6 themedist abtein

be en the ,center o he fi roo a t he ter
SBELIRES, fBS( PFOEFrOlahbgunaroenfy tREE-BF: pogpoiRl, SWmnich
ugeneral by Slpﬁlyﬁérprgfetﬁb|Moé@t@oHHWwﬂ@@e“tﬂéthEger51on
the I'ift 30 off line is generally between 0.05 and

ifmPPPALlpdr t RREI BPMOBERGeBAC0COBPaRHCd0. OBt Appakbyewifh no

L30T oyhavh BT ERRONY) DoAATE. Py} ThesSechnar cFbet Faue” =*

tBeipadE@DBédeﬁosyﬁ15WSnEanﬁobffalby|keMDﬁééSSuthﬁg the above
second e] ectrode. i renmoved at . the g05|t|on of

DR RSt L | E ST r R e BOF ST BR0bi L § oaR NG UAPEE STeP

sdenel opERgLhbe aiééopuflbhn8§ §e5H§n§§5le§o§9@ne§5koﬂnstance
between the parts of the solar cel
by washing, wiping and/or (gently) brushlng In the

embodiment where a filler-containing dispersion is used, the
non-homogeneous deposition of layer at the sites where
polymer and filler particles are present results in easy
removal of the layer.

The contacting with solvent may be done at any
temperature below the boiling point of the solvent, but
conveniently may be done at an ambient temperature, e.g. 15°
C to 50° cC.

Typically, the solvent used for extraction may be
e.g. water, alcohol, such as methanol, ethanol, or propanol,
or mixtures thereof. If the lift-off compound comprises a
solvent, the solvent used for extraction may be the same

solvent as used for making the polymer dispersion

Suitable transparent conductive oxides for use in the

present invention have been mentioned above.



10

15

20

25

30

opposite the pattern is realized. The renoval of the
lift-off conpound can be perfgrmed by contacting the

weymBemsM th a suitable solvent for an adequaP@I/PRI00DEh4416

of tinme to obtain swelling and/or dissolution of the
lift-off conpound, which 10 usually is a polyner, at
the positions where the dispersion is applied, and

r enovi NENE hRCEBRPoLMEET obt | dralPlowPt hahe Lavmgerhich may
CERB&Eﬁk QQQeEhQQaEﬂglggsgéﬁtkﬁlgﬁlt@h%ﬂetggéhgég{ﬁgEson,

he patterned position3s i s not 'y remov
etne,abm@ephpuscesé;cphe(aeﬁakﬁdermlcanchgstemmvad Bmlacon,

tep 1 h as furth |
ORRCRENF Bl P BRCE" 1 GPor nECRREE Vo) luoh gl GPpr ngnorPhous
sandtoh Cgentiby) (Brush)ngndl B-5he : ierhadirpRBLsWAEN €can -

filler- contalnlng di spersion is used, the
IRERERGHBgéAEHSe eﬁ@élﬁréhG@FHba§eﬁl§ﬂ tHheRAdpPesughemnay be

nBQLYBE' cq8d ( Egkbg? ?ﬂg&Pﬁ'8§séqgn9agseﬁth§§§5tSﬁéﬁmlum

easy 20 renov ayer . e contacting w
tedluentepaguliéndGaesSat a@nyInt 6apevat uthebebowzhhe/CIS,

“aaieEee BRiahelbne/ CaRgurarures bog Ols Eheirai by 0108 cells

ofygheapbh¥ust be sokyentyyssd1ine extrachi 98 PRYrbEred.
e.g. water, alcohol, such as nethanol, ethanol, or

propan&ﬂmfQﬁcan&QﬁQﬁpdquQxﬁhe ﬁhlnmiiIMtSQﬁ&r cell sheet
a888P899g098”PBéS?ﬁv%nt%Qﬁvﬁpég?%2§%§ LugpL B! oL

extract as use ﬁ I nNg

reﬁbepbbynanddaspekstbnoa@ Spehabbhelly| abspabedk electrode
i des use in the present invention

duct
whh g%‘é'%xgngﬁf?smasa%v%b%‘s >O0r2008f o7g7end it may
cf%ﬁéfgaﬁ?%ﬁoﬁgfégbﬂgec@ﬁ&uﬂ@1b§Yﬁ5té§1§lpHQ%QHg'1§§ﬁt

conpri se any sui table syst em Known to
reh @kimgegrggegbhes, preferably a metal, in particular
aluminum, silver, or a combination of layers of both, and
making good ohmic contact with the semiconductor layer.
Preferably, it is possible to apply the metal layers at a
comparatively low temperature, say less than 250° C, by means
of, e.g., electrodeposition, (in vacuo) physical vapor
deposition or sputtering. In the case of silver, it is
preferred to first apply an adhesion promoter layer. TiO,,
TiN, 7ZnO, and chromium oxide are examples of suitable
materials for an adhesion promoter layer and have the
advantage of also possessing reflecting properties when
applied in a suitable thickness, e.g., of 20-200 nm, in
particular 50-100 nm.

The manner in which the layers are to be applied is

known to the person skilled in the art and requires no
further elucidation here. The only issue worth noting is that

care should be taken that the second electrode is applied
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e.g., anorphous silicon (a-Si:H), mcrocrystalline
silicon, polycrystalline siligon, nonocrystalline
W@ 2008001879 anor phous 5 silicon carbide (a-Si C) BCHEP2007/064416
a-Si C. H, anorphous silicon- germanium (a-Si Ge) and
a SiGe:H a-SisSn:H Also, use may be nmade of C S
(copper indium.diselenide: CulnSe2), cadm um

uhdrruFRgl, cendithieapsthatuths, &iftortdt kermpgund is not

dgﬁ‘é@é@l St réﬂ\gvgljsduﬂﬂggw#g %E‘iﬁc@@@onﬂa% Y58 gfecond
hin-filmsolar cell ous or

eﬁﬁ@t@@dyst@bﬁun983wblcemelshpuéﬂebeedak§hefbacmll layers

I od n the thin filmsolar ce sheet accordin
oL bR FokReron or SPRrAbIy SePiES SEOEF B0 SPEI brby the
1apér@sOﬁtecm@da tgengegbkytribhetbaek eheetrade nwkl hffected
have a thickness of about 50 to 500 nm and it may 15
b¥ohPei deradytéant spnitdABGEet i ve naterlal havi ng |i ght
refl eCtIf]gscpr §H§éc@s tkP% egc?fglplé’ef‘l g IJﬂEgrlS additional
particul ar um num silver, or a co nat of
khayarsompobenhs andh aakengageodanhniorcpmbaettmwehlayers to
onduc Pr ef er abl it _is possible
A L A e I A R s P S A
tenperature, say less than 250 C, by neans of, e.g.,
el ectrodeposition, (in vacuo) physical vapor
deposition or sputtering. In the case of silver, it is
preferred to first apply an adhesi on pronoter |ayer.
Ti02, TiN, ZnO, and chrom um oxi de are exanpl es of
suitable 25 materials for an adhesion pronoter |ayer
and have the advantage of al so possessing reflecting
properties when applied in a suitable thickness,
e.g., of 20-200 nm in particular 50-100 nm The
manner in which the layers are to be applied is 30
known to the person skilled in the art and requires no
further elucidation here. The only issue worth noting
is that care should be taken that the second
el ectrode is applied 16



WO 2008/ 074879 PCT/ EP2007/ 064416 under such conditions

that the lift-off conpound is;not damaged or renoved
waleoosngisthe appl i cati on of the second el ect r OPIET/EP2007/064416

Qovi ously, care should be taken for all layers that

t he deposition conditions are selected such that the 5

|Layers onto which the deposition takes place are not

C4pfBEL ed by the deposition conditions. If so desired,

the solar cell may conprise additional known

conmponents such as encapsul ants or protective |ayers

lto 6rme@bbdtﬁerumbkiagabnsblemvbe@mnmndaﬂeebbmpisimQ solar

17 008/0748 9 PCT/EP2007/0ﬁ§416 dd First

neth88 SrcﬁﬁEFﬁéeg s8I &FTeerr modul™® 8&&pFP§P5é8§89a? TS

cel | s1eenreatedahnaserivesat/Be, maddl 8 gewBhidSieNgc@rode,
first 5 electrode, an active Iayer and a second

el ectPBEBINWAEr dPASHL ONBaSE bRe 6frEheanrr secapd electrodes
second gl ecLpa Q%enkscgnhﬁéﬁﬁ9grSg;d%gggﬁgELV%o gkqglng the

| ayer, conprising the steps o g in a System
conpesedsobfat |east a substrate 10 overlaid by a

first, el ectrode | which first electrode. |
over P BE By in Bot: J8°FBJromRPSFHagt ShndoRafr SofUgetrate

firsbvelnhear ypt hORi rgt08YBcREOMEAL Agean whALAr FRLLI N
the front el ectrode and the active layer and a

secofdectaPdecoarest Lenovgrdave PlrelghActhEcadpves, 18t least
'ayeénetB§1£ 6§t a?9r§§coﬁgtg%98é€§096'QQPBQE'Ek89?81ng an
nsertin

close to each an1

conpbuhdriuapo Lhethenfeonupéleatgbdevandcihapabynmg layer

priognéoasgg ogé’ ih@giégﬁﬁggﬁﬁ nyﬁggoggepthrough the active
layer, the first and second grooves being positioned
close to each other;
b) inserting an insulating compound into the
interruption groove;
c) applying prior to step b), simultaneously with step
b), or after step b) a lift-off compound onto the active
layer at a position adjacent to the interconnection
groove on the other side of the interconnection groove
than the insulation groove;
d) applying the second electrode over the active layer,
the insulating compound and the lift-off compound; and
e) removing the lift-off compound and the overlaying

second electrode at that position to obtain a groove in

the second electrode.

2. The method according to claim 1 wherein insulating

compound and the lift-off compound are applied
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20 b), or after step b) a lift-off conpound onto the
active layer at a position aggacent to the

WO niogoTBMect i on groove on the other side of PEEEP2007/064416

i nterconnection groove than the insulation groove; d)
appl yi ng the second el ectrode over the active |ayer,
25 the insulatin% conpound and the lift-off conpound;
and SeéTULEABEPH§I¥he |ift-of f conpound and the

overl aying second electrode at that position to
obtain a groove in the second electrode. 30 2. The

3pet hGeawebhdingctordiagntd whernmi i bpmsdl ahiemgin a multitude

conpound_and the_lLift-off conpound are applied 18 WO .
5008 b7H8 78 b ER50G7 PO TE80RL] HEPPSRAORSF) T3S Ffgontain
nmet hadpaeeerdi Agrt enel airmndrer sérwBer ebAnachbhist éethe

of pairs of first_and second grooves are nmade to

obt aPAlas 8uBafeétf-for one or nore series connections

of the solar sub-cells. 4. The nmethod according to any

one of clains 1 to 3 wherein the steps are perforned

4wi t hTheroéthtd aotbrpiongess. a9 bneThé nebhod 1 to 3 wherein

according . to any one aof clains to 4 rein._the
£ oFRENg:E8e oRte oPE 5t LT E R e by T hokP: SOHPREoSSS-
6. The met hod according to any one of the preceding
clains 15 wherein the interrupt in the transparent

Seondibei vethrfdecraydingstebeainedet @foggpims 1 to 4 wherein

Ctrifi . o ¢ :  de. o
The! HEEVELHED 1! DEcohiaasnarent s pduaL Kg ALGe-orinin.
clains 20 wherein the lift-off conpound is a

di spersion_of filler articles having a thickness o

. f
gr eal BF RGOS ﬂ%%ﬂgggi hoa2B¥| ObFoRt of e BEPGRELNGNELA1MS

a SOyNERLin the interrupt in the transparent conductive
oxide layer is obtained through vitrification of the

transparent conductive oxide.

The method according to any one of the preceding claims
wherein the lift-off compound is a dispersion of filler
particles having a thickness of greater than 2 microns

in a solution of a polymer and a solvent.

The method according to any one of the preceding claims
wherein the first electrode is a transparent conductive
oxide layer and the second electrode is a back

electrode.

The method according to claim 8 wherein the transparent
conductive oxide layer is deposited on a transparent

permanent substrate or on a temporary substrate.



8. The met hod according to any one of the preceding
clainms 25 wherein the first ebectrode is a

wo ec@sepgrent conductive oxide |ayer and the SBCDRP2007/064416
el ectrode is a back electrode. 9. The nethod
according to claim8 wherein the transparent 30
1 onﬂg tive X|de Ia¥ i s deposited on a_transparent
@er &n@e§ BSt PEEETEARGN . @8ﬁp8P§r9stB§ﬁP§té 71gherein
VO 2008/ QZ?‘:@%geE@@‘CEBQQOZ/ 0@"’%31@]{1@16@@%05@ had the second
according to any one of clains 1-7 wherein the first
el eceledérprdeaibask tuhasrrsgatangndietiweongide layer.
el ectrode is a transparent conductive oxide |layer. 5



