WD 2008/ 074879PCT/ EP2007/ 064416 METHOD FOR MAKI NG SCLAR SUB- CELLS -

FROM A SOLAR CELL The invention pertains to a nethod for
maki ng sol @i 29s78Lbl s froma sol ar CgL' - W t he¢hiEp2007/064416
manuf acturing of (thin filn 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 formng a nodule. The current path and the current
density are limted so that | osses due to electrical resistances are
decreased. The nodul e voltage is increased so that it fits better

Wi th possible applications. In the case of thin fil mtechnol ogy 10

t he nodul e consiMETHOSRAR MBKINGNSODRR SIB+CHIIE Ftaped soelhks cEThe
cells are nonolithically connected to each other. Between two

adj acent cells the front electrode and the back el ectrode are
interrupted. Between the two interrupts the front- and the

back-el ectrode are electrically connected. 15The principal |ayers of
a thin filmsolar GBF|IBYENEIR (REFHSIRBeHP eohgbieRvECBxalEi ncayer ar

(front el ecdyrpderiat st-he sidg19f tber solar cell which receives
incident light), the active layer (e.g. silicon) and the netal |ayer

(back el ectrode, a¥1¥%etQﬁrﬂﬁn%ﬁﬂﬁiqﬂinﬂhéfséthincﬁ4lW P ir mipsludes
substrate tlh;atlsC% %bﬁ%l‘élﬂetgeaiv?@%{ tpr?e 'crgiqrtl ngLFFr gﬁrsub cells

obt ai ni ng Sseries connected th m sol ar S nor
fol | owi Ag @Enctdos conapstathensedeckellsTha ﬁﬁangpamhns @onﬂunglwemnkﬂde
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el ectrode. losses due to electrical resistances are decreased. The
module voltage is increased so that it fits better with
possible applications. In the case of thin film .technology

10 the module consists mostly of a number of ribbon shaped
cells. The cells are monolithically connected to each other.
Between two adjacent cells the front electrode and the back
electrode are interrupted. Between the two interrupts the
front- and the back-electrode are electrically connected.

15 ‘"The principal layers ¢f 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

20 substrate that carrieslthe cell may be important.

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

front electrode.



WD 2008/ 0748792PCT/ EP2007/ 064416 The active (e.g. silicon) |ayer
that is deposited over the TCO layer is also patterned with parall el

grooves. TH@ M6ARYHS form the connectiond between the fyopipdlsdibe
future back-electrode. 5 The back el ectrode that is deposited over

the active layer is patterned with grooves that formthe interrupts.
For avoi ding excessive dead zones the patterns in the three layers

nmust be as £l oge j@aBidefe a5 RASSIBLE Qageish@mm OV &R d il WRki-OUfe
| ayers nust be as narrow as possible. 10 Very accurate repositioning

i s essential . T9%i 52 ¥&vovire @%@@t@m?ﬁewé’@lﬁﬁ&ﬁﬁﬁi@%ﬁ RE®IVesi-nFbeves
three separat g pI-acess, 3 §RR c@me%effehsxbgaﬁ 50 BN e

demands. Particularly, wwth thin filmsolar son exi b
substrat es, tﬁ@t@mm]@felﬁwmalﬁeral 15 di rren5| ons due to the

deposi ti.on of | ayers i s an tra,conplication with_a nulti-step
paf ter g oo dl Tiecttol THat S S Mot el btk Pt HeolApPE

met hod for rrm@mrafecmlﬂthrr@&ubeés YhEEhfean e perdaniResi.n a
single conti nuouslﬁ performed process. 20A gne-step process has been
proposed by P. Per BYolging mxsessing MBREJZTMRT rith e rngy dp, the

July 1998. mqh?grg%w@tb@r%e@oﬁ ttefge@%aesaglgeséhblge%%e
| ayers at the substrate (netal back-electrode, NIP Tayer and | TO or

ZnO front &ELXEOFESdéN ?h?e‘éag%@%e%axﬁr&junﬂmr bat aaep@hgowem Pragfaible.

10 Very accurate repositioning is essential.

This known process is time consuming since it
involves three separate process steps, and complex because of
the accuracy demands. Particularly, with thin film solar
cells on flexible substrates, the change of the lateral

15 dimensions due to the deposition of the layers is an extra
complication with a multi-step patterning process.

Therefore there is a demand for a simple method for
making solar cell modules, which can be performed in a single
continuously performed process.

20 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

25 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 grcove down to the
metal back electrode was filled with a conducting paste that
overlaps the insulating paste in the deepest groove to form

30 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



25 by selective |aser scribing in one process step, after which the
deepest groove down to the substrate was_filled with an insulating

conpound, wRthobdABisecond deep groove dowd to the retal B Fkif19de
was filled with a conducting paste that overlaps the insulating paste

inthe deepest groove to form 30 an electrical connection between the
back el ectrode and the front el ectrode. The shal |l owest groove down to
the active apEEadrgrertq bet hapracbirapt fon domnereifidoptrodhetiondeinddi s

nethod 3 V. 2008/074379RCTL ER2007, 064916, Apheared Lo, e unpracti ¢al
for comercial production srncée the laser scribing Step 2annot he
per f or ned ithasuchuredingr ihhabe sbpen | quodres hes apenygr pogesntsdal ways

prevented. WO 2005/.01 j bes a.nmethod fo roviding a5 series
connection in a soﬁ§r§§€§zéﬁgﬁqété%ﬁ&ﬁlggsaat@ﬁﬁ%?gr 55 g 2
wher ei n5pardemifes hensehst.oat eni s setat ned ordihebaskarosehl témpdraty
the | ocation of the i terconnect,%ﬁo as to obtain_a cap of a

C

prot ect i ve THYEr3HE YRSFRED| RERT cOhnd’ SURHItEate A BBFaLRedfon Hee

I nvention tIpovede @o@Meat Std IBE0hit Rat teaniheccommBEst aldy as to
applied in a reliable manner. To this end a process that permts al

needed pat t&5AiRg & FaBnef p? Rl Gt ore maferded gevEheptateStorregio 15
repositioning is needed the process is fast and relatively sinple to
be carried out. The patterning takes place when one of the el ectrodes
and théCactive | ay®t Favan isbaecdepdsithedionentidre Bustavitde aThee-

inven;ipn R&!d h@%h%? @hQ@tg§Hiﬂ rcdﬁﬂgﬂgiaﬁlgohgélfgdcf%l?rgg&ﬁé%le
conprising sofar cells connected in series, co Ising aftirs
el ectrode, mamnget-i ve | ayer, and a second el ectrode, wherein at | east

o oc e bomr R AEECAICRCR SR LR BIANEY il ve
patterning in one process step has been developed. Since no

15 repositioning is needed the process is fast and relatively
simple to be carried out. The patterning takes place when one
of the electrodes and the active layer have been deposited
onto the substrate.

The invention pertains to a method for making a solar

20 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:

25 a) making in a system compocsed 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,

30 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



25 a) nmaking in a system conposed of at |east a substrate overlaid by
a first electrode layer, which first electrode |ayer is overlaid by

an active \yyfbsorddrel €ast one pair of a irst, I nterr ugdRshon s PRY €
providing an interrupt in the front el ectrode and the acfive | ayer

and a second, 30 interconnection, groove through the active |ayer,
the first and second grooves being positioned close to each other; b)
inserting a®wreewed ati ng conpound into the |nterrupt|on 4 WO

2008/07487 CT. 6.9r c) |or

S| rrultaneoug)l é%?%ﬁﬂué gﬁ:‘l%% %99¥§er stsegﬁgl)tyanr%%u%t o?’f‘%go%%gn% or
onto the acaft&rlsnﬂy'tataalp@Srofﬁncemb@mmﬂnontm tthe Bptéveohageti an a
groove on trg%f¥fgﬁ K %E%%t0£ e interconnecti,on %roove t ha hthe

i nsul ati on Jroove’ SRy Rt Rt Rt o I Edtro & °8VEr OR hEP G c FRRF
| ayer, the sivailat ing dempevotnastidhegtidie affanc@mpoungulandon e)
removing the lift-off conmpound and the overlaying second 10 el ectrode
at that positidifto obtain a groove in the second el ectrode.

In step a) df 41 Bmecess 366oRdi ded©rdde dvaienhiconcai fir 84 yer, the
interruption, groove is provided which provides an interrupt t he

front el ectd aqﬁ?gachPgﬂn%nﬁ%ﬂl?ﬁﬁnlkﬁtiﬂfﬁIﬂqmpgﬁéévean@ppl|cable
bot h when tdie fdrfSting! @aLr 29 LSc R éc?r@ébﬁ.gﬁ:{ %’Hﬁ ‘E?l'%d%é!:ﬁ}r]:‘??ﬁ’fy dee LAy er
ack

and when the first el'ectrode is a netal ectrode nt er r upt
i s provPdetlisrtnsdengtathrbonesithroudiv tdidadet iavgrbayer imnthe heeddndt
el ectrode |l ayen..J4a another enbodi ment of the present 20 invention,

appl i cabl e only when the first electrode is a transparent conductlve

oxi de layer, the i htestepta) oiprtbel gedcbysmaktcogdingricovie Hmoeght ibhe
X|de

LY, LV Aot R RIREL) Mo ARSRER SROMLSLLYG Bt
an lnsulatumgerrupt in the front electrode. In a first embodiment of
15 this groove, applicable both when the first electrode is a
transparent conductive oxide layer and when the first
electrode is a metal back electrode, the interrupt is
provided by making a groove through the active layer and the
first electrode layer. In another embodiment of the present
20 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
25 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
30 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



25 section, the interrupt, in the electrode layer. In this latter
enbodi nent use is nade of the fact that sone materials used as

el ectrode yRtBhdi@hgoshow vitrification wien subjected tg-GidhdHdsenk
energy. The vitrified material is not conductive, but insulating.

When a material of this type is 30 used as el ectrode, the insulation
between two solar cells can be obtained by providing the first,
i nsul ati ng, thaptode tqiremtgﬁ’diehéaaerl e vibymifigd lad fhevildcagion of the

sufficient gharo% S }é@ gﬁ/ ?%48%%%’1@&0?7#}%@%@1%#{}%1&t he

el ectrode | ayer i1s I'on o € Tnsulatin
groove. In Emra:@ﬁi@cherrmatveaehgsmlw mmmmmmmmneathev\@vevmmm ¢85 a

used to conbrlonoevthen OVI chggeo froo n‘t tl.&e a%t.i ve [fager wth
vitrification the Jer yi n%yef LRGPPV 8T okitte | ayer.
Sel ecti &n ojncmmprgomnaatspayehtl édnﬁcaidtﬁhﬁférﬁi}ﬁ(aié iLayeirt hssl&bei st ape
of a skilled person. §§ ab Ie lectrode material s for thjis enbodi nent

i ncl ude i ndiURARRLYPSRA b‘?(?ﬁ”eon At Skidde "d6péd WrE hSEPRRY Hurft

fluorine, galiilwa p@rrsb@r.oeuleasm Léué&@aéi%aﬂe,lr&a%l der fEial
stannates, such as Zn or Cd stannates, and F-doped Sn02, Sb-doped

Sn02, p- doffdPordments darlydecipfhiiie st it X ideanmiacspzbas edz pratide
As i ndi cat ebROVA thak 1LeRRhnONE1 M r e TSt vhD %'re%{»eﬂe &gmth he

second el ectrode is a transparent conduct ve oxi'de | ayer.
first éPectydde afdnt keidecondtal extarowdes e StWCé}n@paZén@rc@)@duct ive

oxi de | ayers,, .38 N$PaLEL Al S%eld epvi s.0R eﬁc
) s} 9]
However, it is pre erreg? %neo the i1 st ee@?r‘oae I§1léd£|t e '
second 20 elusdt psdeupsabesa f o2 nespranrelst Sonfha@wcetil vepozide. | ayer, while
the other of the first electrode and the second el ectrode is a back
el ectrode, that is, a non-transparent netal |ayer. Because the back
el ect rode hel ps toA$ efh@ttatddhibobackatnleasbeosol af wed Ifireel | s of
this copfigur enerally show a 25 hi gher, efficiency.
9? %ﬂe ro egan L second electrode 1s a transtrent
conductive oxide layer. If both the first electrode and the
second electrode are transparent conductive oxide layers, a
semi-transparent solar cell system is obtained. However, it
is preferred for one of the first electrode and the second
20 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

25 higher efficiency.

In one embodiment of the present invention, the first
electrode 1s a transparent conductive oxide layer deposited
on a permanent substrate, e.g., a glass substrate or a
30 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



I n one enbodi nent of the present invention, the first electrode is a
transparent conductive oxide |ayer deposited on a permanent

substr at e, w® Mes/e73879! ass substrate or a 80 tenperature S EEESbMMsa416
transparent polymer substrate. Wthin the context of the present

specification a permanent substrate is a substrate which will not be
removed before the 6 WO 2008/ 074879PCT/ EP2007/ 064416 solar cell is
ready for uselan reeddotiferreadyodprense. the dnatdtereleadtoddnents ghe first

t ranspar ent I ve, QX eposited on a.t orary .
SubSt ot o SH T e ha S anrear BFEPRE BrRtc &R RTAEVER goposited
tenporary subst rampdrsry substrate. villdhinitdHe T digexenp¥edhérpneddre:

TCO before the solar .cell is suitable for uyse., Processes wherejn us;
i s made of %P%Celnf%(ﬂ:raé: s @b S PPRPEALY S RWif i 1hé & Sﬁﬁatﬁe@@r&bé’ﬂl 1

in, for sexanplmemdd@dO8rba88ReoT YNNI o &he Igd1ad wetiher seghothvRntsor
the first electrode is a bgck el ectrode, deposited on a permanent or
10 t enpor ardPSubTPCEEEes wherein | ysqekpmgde of ias tEFBPERFEJISHRF L iHe

substrate ugsed Wndwnhhenpraeesstageer i e d R, i %%nék?ﬂplé\@eﬁd?er it

is a tenporary or _a permanent substrate, to be in the formof a foil,

so that t he?§floddes ogafOBE/datpPedimir Ty tdierolepbpgimesty obhe pFivettss.
The enbodi neRi-twaekel g Ehga%kréieé%fgaéff¥%?d%i%ehr%HSQa EBbanent or

conductive oxide layer which is deposite n a tenporary substrate
whi ch 18 a Yesgirafryi Bubstaatattracti ve enbodi ment of the present

invention. 20The epbodi nent in I.LSt e 0, i .
t ranspar ent conduc]t?[%?v(g.é oxXl dle’mﬂg/grs ﬁftﬁ?gﬁ%éadgg%sﬁ%dg‘gbns%a%& rlfasrei"gn%n
gl ass or pdhgmprosabst raterisngl so tdre dinveadctione ehbodeneint f 4 he

pr esent in\éen&)io 0. TQ% grrbodi nent wherein the first.electrode is a
back 25 el ec o%e Yayér V\B?Eﬂaﬁl%n%esp@ﬁ%[r@&edmtg &r fAnERe G R LR
foil, so that the process can be carried out as a roll-to-

15 rell process.

The embodiment wherein the first electrode is a
transparent conductive oxide layer which is deposited on a
temporary substrate which is a metal foil is an attractive
embodiment of the present invention.

20 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

25 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
30 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



pol ymer substrate is also an attractive enbodi nent of the present
invention. As indicated above, in bet ween two future adjacent 30

cells two GioRyEFsPhe applied close together, a first P CRYP2007/064416
providing an interrupt in the first el ectrode and a second groove

t hrough the active |ayer only. The second groove 7 WO
2008/ 074879PCT/ EP2007/ 064416 serves for the future connection between
the front aservée Trackbel dcutnode colfhecyiaves: arean posd tfironedand osiee

t oget her f th ead zone. BNext,..the fjrst sul ation
oroove 1s Pk nEPHpRI0E aED it o hislainel ReprEaRg For
i nsul ati ng pasiel 2drichthavadieds shaet circuit at that position. Typical

i nsul ati ng conpounds are organic single- or nulticonponent insulating
conpositions that are known in the art, e.g. epoxy 10 resins on the

basi s ofs bi sphenol NAx@] he Ofi it otlhﬁumlmﬁl Sggd6hcass afi Phat Weith an
gl ycol s, noyvol acs ,and epoxides wth cycloali phat| ¢ backbone and
reactive ditHEhaEin%k&oBREYNdgl SEFAYRS ctthenerd: adfl igeyerajng paghe

2- et hyl hexwh iy GivibtlasetRek: andchie 4t K@qatﬂg)%%qt&%%l Ng,6aR, be
converted into 15 thernoset compounds with the desired mschanl cal and

el ectrical istladtingg corepunepearpycrrI iy (aglsol padabltbaymppnent
conmmon cur i 10 AGRNLS; 'cbiﬁﬁoBJQ’c!Qﬁ?'Eh%'adxse q{bl%wﬂc'lq %ng‘%ro 19 g M xy

and pol yam nes, am no resins yam des ol yurea, pol
pol ymsrlﬁapt@f@-sls lawnicbeabirdss aﬁdbi:milézfﬁbll |Ak@,r a, sui babbtehenrpwﬂgyols

dit | i nki t t, .
OV phot of nit 1t & carPhaCEerat fE85: TR 260 RBoprocesti far e
crossl i nki rcgzdiy)ari&@hatmf: hickbohagand xrﬂaeftejvreedllﬁuhtablLEkaclfbxdtSyl

anhydri des are hal | ¢ anh dri yl ) tetrahydro Et haI )

anhydri de, g(%rl ﬁ’gllylEL FH}GE ‘F@/}ﬁf @QSCJ(C%P@II%F fiex H%Pg h?]ﬁ %lycmyl

anhydri de, enadirg ﬁﬁﬂhyheanhydrlﬂ@esélcﬂﬁﬁﬂs %ﬁﬁcbal eonfBy€Ed dent@nd
m des are Versam d(r) from Cognis and

theIiE.Exa Iesof
Ancani E( rt ‘é%?% vkl (R destirsdsngrBani et by no
propyl am n%le@t%hﬁﬁheﬂﬁsﬁlé@ﬂh@%réb@ﬁﬂ)ést %lyu%ﬁgl%a%eepoiy;s&a{wﬂ&ﬂe

30 tetram ne, tetraethyl ene pentam ne, polyéthylené polyamne,
1, 2- cycl oh&ikhe §PERPReCURMIS REBYTS pl ik Alvbasiet aphdnayarteacidini ne,

di cyandi amgeyqdiagknodbphenyd Si fGesTNenGHb! PSsins, polyamides,

polyurea, polythiols, polymercaptanes, Lewis acids, and the

20 like, at suitable curing conditions for to the type of
crosslinking reaction (heat, UV-photeinitiated 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

25 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

30 tetramine, tetraethylene pentamine, polyethylene polyamine,
1l,2-cyclohexanediamine, aminoethyl piperazine, metaphenylene

diamine, dicyandiamide, diaminodiphenyl sulfone. The curing



8 WD 2008/ 074879PCT/ EP2007/ 064416 reaction can be catal yzed by
i ncorporation of alcohols, phenols, acids, tertiary am nes, and

sul fur cony@y RRhdadsgempounds. Suit abl e thfols are ali phapdErpaehossd1s
aromatic (poly)thiols like 1,2-ethanedithiol, 1,3-propanedithiol,

1,4- 5 butanedithiol, pentaerythritol tetranercaptoacetate, 1, 2-
et hanedi ol bi snercaptoacetic acid, 1,4-benzenedi nmethanol
di mer capt oaesadiclacicn be3chbatynedi et hrmtpadiaeooaptoatethelaci d,

1, 2- benzenedi nQl ..di_nme ellc acid A= _
benzoned ORI %lc,lﬁfm?%%ﬁsi%%gd%‘% ‘%Sa'nea{rh‘%lé"ﬁ,lfh?,rz?"%a1““‘9’
benzenedi netdignettisol Sudndbilbethi &bs fnotdicmphelidasanll aesmasic
conprises (poly draoxy-functignal resi li.ke _hydroxyternipate

pol yesters,Pppoolllg)e léj(risdilékg, pgTﬁlf)}Ilir}e%l.r%fl%s&Uéﬁ@ﬁ@?ga{lﬁ&&é}%ﬂ 1r4-
cr oss;jl B?kecdlw&iﬁbdaiiﬁ(hliwﬂ$opyﬁilﬂ@é£§tlﬁ)fiw1 yujacz@lmi%muaptgaceeage '| 1,2h—
pesnodur (D. I n both_cases solvents 15 optionally used tq a t he
i nsul at i ng COMPSEHE i eam?ﬁ%a@m%%%l%r%ﬂdd %%@aaa%a%@amgﬁ%?o%o

curing. O hemdritsihakbicBdi€0apodNds, 3 &hdhzdHediMce@Balb1 a8 ML 8t &Ftoacetic
nononers and acrylated (pre) polgrrers or acrylate- or naleimde

(co) pol ynerdsichant - BePaaeanedome frrel cbifprinips caretprereidbl i 20
crossli nke%e%izte*ﬁl%ﬁiiﬁlét%ﬁétﬁioﬂv 1t %%ih@%kaﬁeﬁff?é?guﬁnﬁ—

| am nation of the PV foil at elevated tenperature Is perforned, since

t her nopPastienreprgimerbssetnkel, potgdrs)lides pnohbetrochieeddhgramider
ot o GRS PR ) S e LB P i aRRUnC 1
grooves in t@p:nh_e;mattsdmpbhseamh;sshabdsmmrcaﬂiolleadpogyoist he.seri es
comeet 20 Bhfkag Forc ook DI TR B £
groove. Thablgdsbeyapuveseds ¢id! -médmenmmund wotEhcpsepasEbrdntas
[ormtin of hsanteresnte, | e sgeand electrode, Typhol. 1, of
grooves should be evaporated prior to curing. Other
insulating compounds, e.g. mixtures of acrylated monomers and
acrylated (pre)polymers or acrylate- or maleimide
(co)polymers, can be used too. These compounds are preferably
20 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
25 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,
30 greoove. 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



9 WD 2008/ 074879PCT/ EP2007/ 064416 hydr oxyet hyl cel |l ul ose,
hydr oxypr opyl cellul ose, polyethyl ene glycol, polypropylene glycol,

pol yet hyl eqg R¥d/#¥8s Pol ypropyl ene oxi des, polyvinyl alg@hRdo0AR%16
m xtures thereof. Mxtures of two or nore of these polyners may be 5

used, e.g. a mxture of polyethylene glycol and pol ypropyl ene glycol.
These polyners are commonly mxed with filler particles such as, for
i nstance, thvérozydthyli kelBadpam shivdateypsigilcaeldhaysésupblpsthylene

nmont norril | oni , ike. Preferred silica materi,als are
silicas Ii k@%%ﬂﬁaﬁa‘ﬂg’ﬁ%ﬁé{h?ggrﬁg&%%f NODEIY ST e 1 PEFIPatticle may
al so be an pxpandabiiengackidks, poelyvisyhnte-chdieabnaxpagtabde

particle of_the type,. ancel (r). Water-soluble particles nmay be used
provi ded th%}fe]f%oeé/’sgql%ﬁﬁreisso O%WV\/a?lérr?C?re ot these PRLEPRFAOTSY thre

lift-of 6 compadince.and o hexic0gyl 8t | B 1 icprmeURd vabe apl hetystodene
sane time, to allow simultaneous application of both compounds in the

process. 9lvcol. Thesg polyngis ¥t cgnailar migechwihd Hebbe¥ ti on of

the lift-offawormesnduchngs, beber shamkidg, the graaves: i ALl phesded
patterns have been made at this stage. 20Then, the second el ectrode
i s deposi t el BFesidicr, achay ki s mddmegEdAdonieel r oated i the

P
si nply renovagd at it f I 14fL -Qf f | i it
T epost 1] o ATTSr Soua) Sbtng TR A b o Fhai ol LEr Mo
conneciPon fysmvddirot Nebpar t Sheffihles alaarticdld meypadsoedd hen pattern

5020 Sa PRlngents pare ToTel U A U LA EL DL B O e
shoul d not dfe tdensypeelxpanteldt dthitexr-grolmplehabri scepind ebS80iddn
sai d figur%movided that the solvent is not water..

Preferably the lift-off compound and the insulating

15 compound are applied at the same time, to allow simultaneous
application of both compounds in the process.

It is also possible to start with the deposition of
the lift-off compound lines before making the grooves. All
needed patterns have been made at this stage.

20 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

25 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

30 in saild figure.
‘ i) Represents a solar cell comprising a substrate 1,

an electrode layer 2 and an active layer 3. The substrate can



i) Represents a solar cell conprising a substrate 1, an el ectrode
| ayer 2 and an active |layer 3. The substrate can 10 WO
2008/ 0748 7QGHiER2H97/ 064416 be any materd al to be provpEeEr M Hddsfs

patterned | ayer. Thus, the substrate can be made up of a single
sheet of, e.g., glass, polymer, or netal, but it can also be nade up
of a multilayer structure. The substrate may be a tenporary 5
substrate ore @2pemrdireniels flgsbpapeovided with i§ patiegnetHelager veThus,

| ayer and t‘ﬁ% er [ ooves 4,5 . s . Fhe_ fjrst
groove is err%‘;llgl’\‘gegt rouﬂg )ébé:ta ?%e&%?éec?é o(g% Efsasélenrglaendc’rl];t%%g ggti%'eél’ayer
and the seco¥abgr goMemes, medemehabugbut hiet atri \ed doayper madéyup T a

grooves ca be de.in sever manner,s such as.by _scratching, by
chem cal e{}%: l&nlga(}%arbftlrélgglr‘mgfc lln%g&?’u teralsta‘? &Y ngﬁogeﬁngoﬁ?‘]@?erred.
As i ndi Gat eshtationate ior Bheeeasaembeswbdiwntfd.rst el ectrode is a

transparent conductive_oxide layer. it is also possible tao provide the
nterrupt in the tFAhsBAFent e AU JEY6% BB15 P eIyl Bt gt

the groove dhrgugivesha ,actikvRabliay ernav i s tensydvid 1% khbéi e@tdedh Hoth
t he transparent conductive oxide |layer. The width of the two grooves

i s gener al IY'<EB5FtRdeplayerapny Q%E BGHh Vot SEr éher BBe ySeeP nm

The groovegydwener ahkk BAYSuEh M MR WAt R 2nFVCT 8RS . gddves can
di stance between the first and second groove of the pair of grooves

i s genéPal IRF ERdtminpsererabl parwess mncChese hyr slcarsbhngo. b rrmiel
m ni mum di shangeqy $-989eqakly @%cﬂfﬁﬁﬁ ThdMH XS method is preferred.

As indicated above, in the case where the first electrode is
a transparent conductive oxide layer it is also possible to
provide the interrupt in the transparent conductive oxide
15 layer by providing the groove through the active layer while
ensuring vitrification of the transparent conductive oxide
layer.
The width of the two grooves is generally <0.25 mm,
preferably <0.1 mm, more preferably <0.5 mm. The grooves
20 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
25 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
30 ink-jets, 'or using dispensers.
In one embodiment, a 1lift-off compound is used which

is a dispersion of a filler particle having an average



iii) The first groove is filled with an insulating 25 conpound 6, and
alift-off conmpound 7 is provided onto I&He active layer at a position

where it Iwo2bs7ges to provide an interrupt in the secafgrRb@akiqée.
Sui t abl e conpounds are pastes as indicated above, which can be

applied in several manners known in the art such as with screen
printing, using 30 ink-jets, or using dispensers. ~In_one
enbodi ment ,Partiglie sffzec gFpotag FRanstduigfticats iig a gedpeishonf A a

filler partiglgaving an-avenager,d L, ?eq_%%jt(}%%%7%gg4:§§%09;/%%ﬁ§.je%
particle si‘ze greater than 2 mcrons in a solution of a polyner and a
sol vent. Thie: Fackyelrediavddg patkitchiess lans itben @ aikagerohavitiee a

t hi ckness | .han 1:Gr.an o mat erdal __provided with the
lift-off corﬁaps%elftr% 1 ?%r?@tlﬁ.eg ‘é’nﬁ%d?'ﬁr%?tl% |fsf§é:r°§‘ 8Hn§f filler

particl & in a polynehisoémnbodimars: esedspbiseioh sfichi Hiaperagitdrles
advant ageousl y ensures a ge%t ain, rou%;%re%s at thecgo I.tions, where the
di sper si on 5 G EF Fo P AR stbst T3 e,V 60 AFh &1 h e 8RBERY ULt | v
appl i ed backiwirgeleede lhagasunks | a ngd rtll rdeRaghhckeMagetRe Us ¥/ toMeTs

t hese positions of the substrate. In turn, the layer that is

non- homogeBGFS e paSPEEELaR 1hHerRRLkSS 4 S &48§tFahpvato dhathe

pol yner, tftefee@wb@reaujbmg hpgldesipad aeevesden1bher! AVel .adt view
of unwanted pattern 1ine-broadening, the polyner that is used in the

lift-oftf 15lPORIEURAMEDSDRAPYS bYHR frethesehegisd tprarepbllye dvshsitapte -
hi gh viscosid ¥.@h,ache! fh¥E! ¥naOW £ MERAEBLEARAE 1Y NEPOS WL dt the

pattern allows easy removal of the polymer, thereby providing
the desired grooves in the layer. In view of unwanted pattern
line-broadening, the polymer that is used in the lift-off

15 compound of this embodiment shcould preferably display a high
viscosity at a relatively low concentration of the polymer in
the solvent to solubilize the polymer. The skilled person
will appreciate that the ratio of the amount of polymer in
the solution and the amount of dispersed filler particles has

20 to be cptimized 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 alsoc to
obtain easy removal of the pattern afterwards. Suitable
polymers are cellulose derivatives such as hydroxyethyl

25 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

30 that is used may be any scolvent that is suitable for

sclubilizing the polymer. Preferably, the solvent is water,



the solvent to solubilize the polyner. The skilled person will

appreci ate that the ratio of the anmount of polyner in the sol utlon
and the ang a@bspersed filler partllrﬁ es has 20 to /ﬂ%bﬁﬂs

to obtain swt Ie coherence of the pattern |ines and adhesion o the
pattern, which has usually the formof lines, to the underlying
photovol taic | ayer and al so to obtain easy rermval of the pattern

af t erwar ds. aISLﬁJt@EmOé- pel.gnemstapsot el ¢thosel deriopaniolés such asxture
hydr oxyet hyl, qfllulose hydr oxypr opyl cellul ose, polyethyl ene

gl ycol, polypropy ene glycol, polyethyl ene oxides, polypropylene

oxXi des, pol yvi nyI aheoﬁblleanmmMM£$Meaeefus%xfﬂfeLSr@shdm @he

nore of these mer s Pﬁ% g a m xture of ée ene

gl ycol and éﬁle Il>§08 el Rt aé’oatvﬁétagfespé Eyc

any SO|WEntoﬁ|mﬁré shawi tahlierbak SO UBhOUZd RO -ire aPAkY BRI inert
Preferably, the solvent is water, 12 WD 2008/ 074879PCT/ EP2007/ 064416

an al cohol RaFtgClest RANANI aRrhaneragerasnicile sdreaofi 2raP et FEQRDS |

The filler mard igregerhbat, éﬁeaﬂéﬁggéOﬁafﬁfﬁﬂéﬂsﬁgetB% @L§9eﬁ§b£6hér‘Too
this enbodi nent have an_average particle size 5 of nore than

m crons andFSHEE @piEéFEPEbMGYhElVReFispdit iacleverapr§ean aﬁ'%@bl{,}‘eﬂ-Oﬂ
particle sizg Qfy %la@rnbat%?n TPLEs Preferallinnda, a‘éﬁéagglféétﬁ}a%%/%cle

size of 5-15 microns. TO6o coarse particles may give rise to a
pat t er A0r egyubieoftadnd/ srlti déke paatiem dulfede, Fenlmat antey {dech as

filler partidlotd: ABYnbeol Al GnaSAld 14Ke RALAUT Ul (18, Sl A1

clay (such as nontnorri [te), and Ilke
mat eri al s are siillicas Like Krmrasﬂ@rﬂrdnr @mZAkNomebeirheTﬂﬁliézH er

Earticle é;éﬁ—”lc be an x ndac_lgle%%)art |.e, fg:yc Estagce & tance a
eat - expandable pgrt“i_"gl Re?ty CePETtHEL & - §BF ubPRtans
particles n&)atbe:cpaﬁdam@vpdedlct:Mtoﬁ hehes alyyentxbsnbeleWaligfer Jdluble
Cont al 18 aPAFEAELETORE. B ROR I P IS (Res Chpr 8P ATABLyLF iRl 2RSS
. y=fr
w . % The dispersion of filler particles in polymer solution
preferably contains at least 10 wt.% of filler particles,
preferably from 10-50 wt.$%
The concentration of the polymer in the solution and
20 the amount of dispersed filler particles have to be optimized
to obtain suitable coherence of the pattern and adhesion of
the pattern to the substrate and at the same time should give
a pattern that can easily be removed afterwards. This
optimisation is well within the scope of the skilled person.
25 As an example, when 100 grams of 7 wt.$% 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
30 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.



The concentration of the polynmer in the solution and 20 the anount of
di spersed filler particles have to be optimzed to obtain suitable

coherence ®bhixa7pabtern and adhesi on oflX he pattern t GpdPErsiRsidat e
and at the sanme tinme should give a pattern that can easily be renoved

afterwards. This optimsation is well wthin the scope of the skilled
person. 25 As an exanple, when 100 grams of 7 wt. % hydroxypr opyl
cel I ul ose ithea ddguagr @fokoavhaast ahdthatmrttiesnpldnidedani bd 10 grans

of filler p i g r il(r),-the polyner.-to filler ratio is
7 to 10. Thg{fd%%ﬁqgc%& %ﬁ/ Fgga%g??%% %%ltfodlhheelp %Cf%\(/%lafaile Jfg?/er 30 in
a desired p#tdpEmsichor biynshanaee bygeesas: aflca sdizepeasdr byAthe€rparticle
evaporation of the.sq v%nt of the applied dispersion, a dry and rough
pattern, ustiS VST EERE TP m of lines, is left. 13 WO

2008/ 074879PCT/ EP20R 7 06t A ol ignedifg i@ Bhckovpbhessd®of1dhe pattern
| ines can be infl uencedagg the amount of filler particles in the

di sper si on,2BRF e 18y &r 5HECHRFEF cPE L35% thamd 2hpLleRenBar Preferabl a

di stributi amid¥nRskhos enb@dtmtmi@fmmc&&leeggé@egab;ﬁyeo. b8 @ppl ied
in a thickness of less than 2 mcrons, preferably a thickness of 0.01

to 2 mcrof&CLf®®e preferably 0.04 to 1 microns. 10The grooves and
the paste lines can be applied in one novenent. To that end the tools
are fixed in one block and they are accurately positioned with
respectOt o each othes .gmmyesppinicc dhiconraspeetiings tdmn grocres iadd inhene

paste | nctarte, S0Uhel Al Engy £ Dot gl SUBl e g
can be nmadehey eme movenenely Susdita aenf iwjuhateepets parsachl @riar.
suited in %%%Ogbpagcggkgnpéﬁééaskf the grooves and the paste lines must
be equal in that case. A number of such blocks can be
15 mounted next to each other so that many groove — and line
pairs can be made in one movement. Such a configuration is
particularly suited in a roll to roll process.
The insulating paste line is applied on the deep
groove 4. The width at the part extending from the groove is
20 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
25 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 lift-
30 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
.15 mm.



The insulating paste line is applied on the deep groove 4. The width
at the part extending fromthe groove is 20 not critical, and may for
exanpl e bewbehy@pm,79. 1 mmand 0.3 nm The hei ght after gukmgoAos4410t
critical and may for exanple be <0.05 mm preferably <0.02 mm nore
preferably <0.01 mm The di stance between the connection groove and
the 25 center of the lift-off line is not critical and generally <0.5
mm preferably <0.25) nﬁ?ewm@%ﬁutdﬂﬁégﬁﬁﬁ@BStéstﬁ@P@$§Wahce betmeen
the center of the r o] h
conmpound bei ng notggr? |%% an gener%i%?géggg tal §éé erajl
mm The wi oﬁimm]fy tteandvietlt at 30hefpodinion sofyarer é.lllfy béfv\peslt@ Dbnend

et vaon 0. 06 Mo FooRer YEEEn g B0 i obuReERoR0} R A h Les

i V) TheSsedﬂnﬂ Eduﬂaﬂwmdan80t$oﬂem®6wééﬁithe parts of)tBy sebas ofln

bul k process t he .second ctrode is sj renoved a n
of the Iif Y lﬁcaes'%g | PRECSHR t ho ST i ﬁ&mox?ﬁe?gd %|Job‘%%g°ff
the lift- Ofdfonipd"tﬂﬁ:i iahhbespéi:ﬁtsrrﬁémWtddﬁté&h\f@elﬁhbhgyﬁ%ﬁswpﬁh the
sol ar cell opposite the pattern is realized. The renoval of the
lift-off c ecéﬁll‘i@nﬁef?’ér%oacl‘ﬁm@d%ﬁ 8Xirg Phetiytedn GlEHim

sui tabl e sadwant foanancadgaysd fuesd ask afhd llq%ttgfﬁbé&hﬁoml L h
and/ or _dissolution of the lift-off conpound, which 10 usually is a
pol ymet0 atusuie lyodist PoRsIwheF e athethi syrsridiionsi vhappl Heel, dbsrprsion
removing the cRRAUA ARt LGRS Witd) D anger f:ﬂ!nllé(ilﬁqpﬁlfﬂ%
filler particles. \Wién t aye at the patt terhed positiohs IS

fully renovethagn |(rfgltllszlé a@mlelrpa‘ ociesler tolre triedeisndéhsn clame bl yenmited

In a SUbseQ§EPEa%%%Bned positions is not fully removed during the above

céﬁy%g is

process, the remainders can be removed in a subsequent step
15 such as further dissolution or mechanical force, for instance
by washing, wiping and/or (gently) brushing. 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
20 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° C.

25 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
30
Suitable transparent conductive oxides for use in the

present invention have been mentioned above.



15 such as further dissolution or nechanical force, for instance by
washi ng, w ping and/or (gently) brushi n%é In the enbodi nent where a

filler-conyglQbdpdagtbspersion is used, non- honogeneopSy/SReTisidoN
of layer at the sites where pol yner and filler particles are present

results in easy 20 renoval of the | ayer. The contacting with
solvent may be done at any tenperature below the boiling point of the
sol vent, but conveﬁ‘h@nﬁbt}lmylmrddme aahatozobient 1aygerndtiohe mag. g.

15 C 10 50 Gor2BIiplo) ks LS SOLYEDL Wosd, LOf (G (actlog pmx.be

e.g. water, uch as et 14hot° ropa
m xt ures trm.rge.o,f amdrgkiwsl Bﬁ.ﬂ.ﬂ.oibjfl c@rmoun)d, m&njjj’dcﬁ:@'stal$ﬁ)h&'emllctcﬁke,

| t d f th | vent .as used for
oK ot e e e S R e O e s B o TR

The act isve 3ivietor S:aa:bﬁblét aQuokiaj Caﬂlcayée-rSJMI:'I—ph Ry pBOUB & SBi Aty
sui tabl e system known tq the skille erson, SIg anor phous silicon
(ST H R AAPAESY PR oh S 108 or vt He BRPPoaige may be

monocryst aldddie o Ig160NcopfiekPhRdsur® & dd1GoN LAl Rindastay Si Gl adieh
a-Si C. H, anorphous silicon-germanium (a-Si Ge) and a-Si Ge'H, a-SiSn:H.

Al so, use Rt ifsde Cor Iy Gal Sopget (Imdamati s&heni Se: 2U5R ASED) |

cadmi um t elddg/icdes, QUG MoPe) SEeasHhld, Ghe UsOlREr)LS E /
ThO G S s A NorRL STeas M) She et EhEn_£IHE fahx cells
10 of amorphous or microcrystalline 31llcon is preferred

The back electrode in the thin film solar cell sheet
according to the invention preferably serves both as
reflector and as electrode. Generally, the back electrode
will have a thickness of about 50 tc 500 nm, and it may

15 comprise any suitable conductive material having light
reflecting properties, 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

20 comparatively low temperature, say less than 250° C, by means
of, e.qg., electrodeposition, (in vacuo) physical wvapor
deposition or sputtering. In the case of silver, it is
preferred to first apply an adhesion promoter layer. TiO,,
TiN, Zn0O, and chromium oxide are examples of suitable

25 materials for an adhesion promoter layer and have the
advantage of also possessing reflecting properties when
applied in a suitable thickness, e.qg., 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 electrode is applied



10 of anorphous or mcrocrystalline silicon is preferred.

The back electrode in the thin film sol re cell sheet according to the

i nventi on whebe@akdy serves both as refl’ector and as ep@EGEF08RI64416
General ly, the back electrode will have a thickness of about 50 to
500 nmu, and it may 15 conprise any suitable conductive materi al
having light reflecting properties, preferably a netal, in particular

al umi num SR SUGH £o8GHBEARET b bftheylers wiEfherRposnd hakidy good

ohni ¢ cont acfatmaqetdw otrh%eal%%eoagyﬁ@rtﬂ@yag; 1iRIRNeABlY enbt sdSond
possible to apply the netal |ayers at a Ctijcorrparatlvely | ow
t enper at ur e2lesdyrddgss Obivaruasp, Gaby sheansl dfe tekgn, for all layers

el ectr odepasid Qe (ebolaEyBh BONSI £flay MY AROSLH QcBM tnat tre
sputtering. I'n the case of 'si’l ver, 1S preferred To fIrrst appl'y an
adhesi 08 primystrer ondaypewhiThO2he Tddho LG oranc keldsr @iiaum axedeoaraf fected
exanpl es of Ltabl e 25 materials for an adhesion pronoter |ayer and
have t he a&)\yzi%thgggegfmglt%np%gg%%%%cﬁbs Teflecting properties when
applied in a suitabfesshiekiness, thegsclal 201 200apntomdr RS tadeiikabnal
50-100 nm .The manner in which the |ayers _are to be a glied is 30
known to t HEYEr SERPSRPPFEISTRR 13 St apa%%n&c?uﬁregrﬁg FhtTReravers to
el uci dati opeeer the anhy h§sieswird RklcRg s clrhatcsare shoul d be
taken that the second electrode is applied 16 WO

2008/ 074879PCT/ EP2007/ 064416



under such conditions that the lift-off.conpound is not damaged or
removed during the application of the second el ectrode. Cbviously,

care should be taken for all layers that the deposition conditions
are selected such that the 5 | ayers onto which the deposition takes
pl ace are not affected by the deposition conditions. If so

desired, the solar cell may conprise additional known conponents such
as encapsul ants or protective layers to protect the unit agai nst
environnmental effects. 10 17 Cains 1. A nethod for nmaking a sol ar
cell nodule comprising solar cells connected in series, the nodule
conprising a first electrode |ayer, an active layer, and a second

el ectrode | ayer, wherein at |east one of the first and second

el ectrode | ayers conprises a transpafkns conductive oxi de |ayer, the
met hod conprising the steps of: a) making, in a system
conprising at |east a substrate overlaid by a first el ectrode |ayer,
whi ch first 1el eciArnefod &y etakirg D30@irlcall thobyle @Bmp#sihy Solirayls condbetbdmst
one pair of an interrupt in the first electrode |layer and the active

layer apGksaihe nfdBleCORPEiSTnk ATirfl RRUEId 1!3?&%&109139&1 ¥ deBUET slectrode layer,
b) providing an insulating conpound filling the interrupt:

C) . PPty & L1 b0l RIPRUN. O Se L BE. AGLL XS bAKEE 8o BPSI LGN

adj acen nt'erconnection g n"o e

i nterconnection groove fromthe interrupt; d) applying
t he seéﬁﬁﬁﬁ@Fég??ﬁﬁ OSBWEP”%W% ¢fKBS Active |ayer, the insulating
conpound and the |ift-off conpound; and e) renoving the

lift-of f conpound making ipasystem compines afdesshusubbieae pertizidly a fivst electrode
position adjacent to the interconnection groove to obtain a groove in
t he sednrd vdlidcfisodectiody &rypr is overlaid by an active layer, at least one pair of an interrupt in

the first electrode layer and the active layer and an interconnection groove through the active
layer;

b) providing an insulating compound filling the interrupt;

¢) applying a lift-off compound onto the active layer at a position adjacent to the
interconnection groove on an other side of the interconnection groove from the interrupt;

d) applying the second clectrode layer over the active layer, the insulating
compound and the lift-off compound; and

e) removing the lift-off compound and a portion of the second electrode at the
position adjacent to the interconnection groove to obtain a groove in the second electrode layer;,

wherein the interrupt, the interconnection groove, the insulating compound and

the lift-off compound are simultaneously applied at fixed relative distances.



wherein the interrupt, the interconnection, groove, the insulating
conpound and the lift-off conpound are sinmultaneously applied at
fixed relative distances. 18 2. The nethod according to claim
1 wherein a nmultitude of pairs of interrupts and interconnection
grooves are nade to obtain a pattern for one or nore series
connections of the solar cells. 3. The method according to
claim1 wherein the steps are perfornmed with a roll to roll process.
4. The method according to claim1 wherein the interrupts and

i nt erconnection grooves are nmade by | gger-scri bi ng. 5. The

met hod according to claim1l wherein the first electrode | ayer
conprises a transparent conductive oxide and the interrupt in the

t ranspar ent Zeonddée meghogecesdingyeelains 1 semimernultitidsied raivs efrinteiropts auh
of the transparent conductive oxide. 6. The nethod according to
cl ai m Inteleenmsdction lreoldsfatre mbde waibponm fateomfor oae sr odissiercehmdttiofns of the
filler particles having an average particle size of greater than 2

m Cr ongglaPedlssol uti on of a pol yner and a sol vent. 7. The net hod
according to claiml1 wherein the first electrode |ayer is a

t ranspar ent ycond i I { . ayer i

a back eIec?iode&ﬁgh%ﬁmgé?gﬁﬁ%gﬁggﬁ@gggﬁggggﬁgggﬁgﬁ%ﬁ%%#?%gﬁkgvgéﬁtg
the tra Barent conductive oxide layer is deposited on a transparent
per manéht PGB8t rate or on a tenporary substrate. 9. The net hod
according to claim1 wherein the first electrode |layer is a back

el ectrode afld t hdheeweliwd agsading didaimy siheiein the inteApiand AnterconragEen ve
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obtained through vitrification of the transparent conductive oxide.

6. The method according to claim 1 wherein the lift-off compound comprises a
dispersion of filler particles having an average particle size of greater than 2 microns in a
solution of a polymer and a solvent.

7. The method according to claim 1 wherein the first electrode layer is a transparent
conductive oxide layer and the second electrode layer is a back electrode.

8. The method according to claim 7 wherein the transparent conductive oxide layer
is deposited on a transparent permanent substrate or on a temporary substrate.

9. The method according to claim 1 wherein the first electrode layer is a back

electrode and the second electrode layer is a transparent conductive oxide layer.,
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10.  The method according to claim 1 wherein the interrupt is an interrupt groove, and
wherein in step b) the insulating compound is inserted into the interrupt groove forming the
interrupt.

11, The method according to claim 1 wherein tools for applying the interrupt, the

interconnection groove, the insulating compound and the lift-off compound are fixed in a single

block.



