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AM NOTHI AZOLES AND THEI R USES Background Si nce the

di scovery of penicillin, pharmaceutical conpanies have
w@e@dosmsdo a nunmber of anti bacterial agents to BOVBRL00$067692

wi de variety of bacterial infections. In the past

several years, there has been rapid energence of

bacterial resistance to several of these antibiotics.

The nul tidrug resistance anong these bact eri al

%Pg'vc‘ W ailSQeP‘e :guc,eoxli‘oe% eggjgp éeoilng Satem

vitul'ent €linrcal 1solation. . Per aps t'

di sturbing occurrence has been the ach|S|t|on of

resi st ance to vancao CI n,, an antl bi ot i C generig

r egar ded asP 1 He Hye VS H PO fid b
vid @M peshtibwe dpfeekii@ns inTh Ssd Bzt rue especkahl yaol to a
some Gram positive pathogen groups, such as
sol3¥ aphyl oeveesn prEtbtoEEi sl et erdcortiet'sd Bl gagties.
ah; Anti bioti ka- Resi stenz bei Erregern anbul ant
er wor bener At emnegsi nf ektionen (Antibiotic resistance
in muhmﬁmsaﬁ]mupmﬂ@ﬁm&mqwquwﬁmﬁhmxuyﬁkmmtgar
pfections); Chemother. J . 2002, %1" 12-26 .
erairghofeFiPBeifel GpnERt L ant shtead oPBherelrt ﬁr—v BV} layer
comp&SASTANCE {0y AL M CF Obial « Agent Sir &N QuenydeWerCd Front
Infect. Di's. 2001 Sep. 15, 33 Suppl. 3, 108-1 15) as
91e~v¢e¢¢d@su8mamim:o@cwn$ﬁmomm@tmoba@teeﬂmﬁ; (on
ococcus,. rynebacteri rre day Bacillus,, .. ...
thecﬁﬁgﬁ gg’g t%%%l%s%% gﬁd #ﬁe T <%r%bﬁgﬁfofu ctrode
ateﬂbalb&ckatgeﬂﬁdﬁﬁEﬂIM1IBhéhErbﬁﬁrea%tmgodncuﬁeﬁﬁﬁnﬁpa“
_the nore virulent, nethicillin-resistant

nt st PR c Ut Cafedds CRRSE) ARongERFini taf iR gRgtuctor

Natéfﬁﬁﬁi\mﬁﬂd¥u deneASi ¥ I & YancomiGiin Jresist altnverted into
organi sns, many MRSA strains are resistant to nost of

elegthel knowarant | Binottilglss by MRSAUstoeal rise havedr épnidtegrate

alec §ternf’i t Il}i/‘*e th var Co ofnfel_spméenvelr*itel*nesylfr\ll\c’* OEI ttehren tl ve to,
I ncreasing répo 57 of vanconycin resistant clln ica

say, stlad€es angd grommg: problemaaf. bacterial resistance,
there is an urgent need for new nolecular entities
effective against the enmerging and currently
probl emafd G, A POSLiLY§=00gaN SIB: 3 TNES 197 QW NGrermined
nmul ti drug resistance has“recently rekindl ed interest

by tlhrp tchensearichert orf new sterluct wrcade clraszse@ jgfular by the na-

for pro-

tlcs t.hat thblt k||| t hese bacteri.a p
turd R PLBY ! SR I8k AR, e e iR e R RhE L Pt naaly o
hnetﬁe@im slagdtt hanapi esef arudracieriada i pfeekborslar cell

~ There is also a need for conpounds useful in the
i3 %?%%?ﬁ%%vfoﬂoﬁﬁeﬁéhﬁﬁbnl%rqﬁﬁ@Fﬁ@?avléﬁﬁbft%ﬁevﬁﬁtﬁﬁfeLk
ma i TRLOME 0fs DAL ik ri MLCLEORS. s EURIEI D! Cagd NERE 501 ar
iI's a need for nethods for modulating the act|V|ty of
cqlhhé"ekﬁﬁgatldiiaeﬁonJEE+TumdusnﬁgathendnnﬁoundSWh*““ are
rga ed herein tIn one as(g qllnver]_tlon,prowded
con ouhd ot %rﬁbl*‘”” A SO éﬁothéry aspect’, the® “ONC
by ebﬂycﬁmiﬂﬂl oy d:@sld@cmﬁ.mOQ:ﬁitMteatf_m@;awba@‘t@r@al as in-
i nfection erein the treatnent includes adn1n|ster|ng
Lerque g Eubj RRS H! need ﬁﬁ@ﬂéof”lé‘cpﬁm‘?adé'%t@%%l fgil and the
a %%}a@ Gf.a ¢ und,+Qf .. f dhe Hpodd le1ec-
oac R"%%’ ‘”bfﬁbﬁquﬁ%% that 't Qba??é?la |nfgct|onr’ it elec
roder eatcedkhe back electrode each at a different side of the

interconnect so as to prevent short-circuiting. This can be
done by providing grooves in the solar cell electrode layers,

e.9., by using a laser or by means of etching or any other
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I n anot her aspect, the invention provides a nmethod of
treating an EF-Tu associ atedstate wherein the
wo ec@angesnt | ncl udes adm ni stering to a subj ect PCTYER®O&067692

t hereof a pharmaceuticall yZaccept abl e anount of a

compound of formula I, I'l, Ill, IV, V, or VI, such
pattdatitdenE&EERdd. assocaiiatied sst atre | sedi@at &d. tha sbiklk cell

. another aspect, the invention provides a method of ..

whigh AT RGO nAFBEEFRG OFYpFEVEATI nd "Fhe PASEIITy Cof and the
int&Frddk § nassubbegt kEncoBsedcbBeresf aswWhisgh sibnel udes the in-

adm nistering to the subject a pharmaceutically ‘
terguueptabied dnvuntntofr odonpolatd o Formnzey a9 pegsiple.

[V, V, or VI. In one enbodiment, a bacterial infection

is treated in a subject in need thereof. |In another

aspect ,I:t hend nveindd onepr ovhdes annmenbodraf, tieedisng;onnec—
. inhibiLLn%+or prevengiqg the activity of bacteria in a .
Lo ubf et TPRTRged %t Wét €6T7® whit ch FREPAAES Fadfi s Terfng® de
(redo theesubjiegt asphrimrcewd caliy acceptable anBuAbaek is

a conpound of forrmula I, I'l, I, IV, V, or VI,
patiyhered rviHe orpolid dmersot viiath oin ttdrggamtaraupdes in
cne | if8 VGl e 0 the bacteria. ln gn di ent,,
e G T SRR T n B o Rer ERDEarC (RE) | RUGHE] Gpoe i3 e
posipravi desra tiet i of ayeeatiknilasbaghet éahed Nnhechi grdailel

a subject, wherein_the treatpent |ncludes
GEORHAMi CRerngors &NSulljATEtS | Ohebd®t hetEsrognects between
the Phasimcedicabhy acceplable; agpuntpaf ra compeund ek of an

the formula I, I, IIl, IV, V, or VI, and a
ad]aptrarimacelt | cBlbe ybackeplablecodar ieethesuclkeroivat ethever the
v Pacterial .infection.is.treated, In.stildl another . .. .
PV BTt Rt on br bvrhgs "E nsthad Br Treatig Wt
The hatierdalnddtf et inrmwhenst nHheddeaiimiirddicidesial de-

admnistering to a subject in need thereof a
LOSIfRsr et edtd CHI3Y Sefifedti®y & VanBUfitt of a conmpound of the

formula I, I, I'll, IV, V, or VI, in conbination with

a pharmaceutically effective anount of an additi onal

t her apéutithcagemgessirchf tharathéabacternyak isefréetsi gonnac-
tiof S treated,, | one enbodinent,. the comound of, the .. o
SRO% il @957 1CS0Y PYSNT RPN A H S oter - Fernet et
al.,phardemcedid cabr agentn aseeadnl niyst gred, agupagr tioefk .t Becord-
. sanme pharmaceutical conposition. |In another . X
ing erfifodi et , PReCedFpoundtof t AECPELFURE | FhEl, Mptpl back
eleclt\f‘o_cM:, of pﬂggatfggtgﬁﬁerla %%f a;Q:e.&'_t L6 -2ganf &-erno Ffront

adm ni stered as separate pharmaceutical conpositions,
elecanddcheocoapoubndtirs tadmimirsteeredopréorot odidtfferhetsampths
ire LiOE as, cor follow.n tgdnianngtLgn_gL the other .
AT dgent Tt éln'&%'lﬁer“eais%ec]tv,et 2T hv ENti6 B oV dB8"a FHo-ee®
stepRackagethacierd@lovanfeeti an treatdminraemrd sediefd with
formula I, I, 111, 1V, V, or VI, packaged wth

an  iRSYfeBilBnS FHOUNS] ngOart @t eétitvel AptIPf iphethe back
elec‘%‘%@i%qndi‘ O %é@@ﬁdadgé ESU %Jro'cﬂffee%'*wqp't ”tﬂ‘&%@%l back

aspect’, the invention provides a method of freating
elecdenea nssubjlgetd i theed dolehedfinonvyersgien e trveatimgnt the
, muhngLud@g_avniqist_ring to the subpec% S
HNEUSHAT I Ut Cal 1Ty dtteptabiet a%ﬁﬂ{'eo “atEHpdiifid Yo r een
nectf.ommd &Ha1 e sl lgrokNe ¥owdr t¥ tH ¥elt ARQkRE: 1aver is

aspect, the invention provides a pharnmaceutica
the d&kpadivEiton nwiiléh frpeltudes ca re6¥pound of fornul a |

[, 1, 1v, VvV, or VI, and at |east one

phar maceutically acceptable carrier or diluent.

WO 2003001602 describes a method for manufacturing

a sclar cell provided with a series connection via a method
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Det ai | ed Description of the Invention This invention
is directed to conpounds, e.g., thiopeptide conpounds,
wa@na9iosiiear nedi at es thereto, as well as phar macECI/ERZN08/067692
conposi tions containing the conpounds for use in
treatment of bacterial infection. This invention is
usiral se digrgeted it osttheteatpoundsi of tmEhbﬁyehnMon ar . Com-
,coanS|t|ons thereof as nodul ators o elon ati.o
PYE%Et0r BR-SFU.C TTHE Cormpdtthds gatr“eo"ﬁar*t1O€£”h| géf“ dPent
sidd nberteei ranwit kdihe ldde cyehesnf thactghi @h@n@mn sparent
treating or preventing a bacterial infection or
congyknisi ot ogi el oo t9lesmxsoci ated therewith. The
present invention is also directed to nmethods of
conbi nation therapy for inhibiting EF-Tu activity in
cell's, ror frofidateat idtgows, pheventi pge a&bacfefi@kovid'n@ E}
|nfect|on in gatlents using the conpounds_of .th

SeT %R enPRBRCor O Phartacklt Fe4FY & oMFosiSHiAdHs, | %riRF’st upt  the
eledihereaf of none Aspects drhe identd R pr 9ddeSn the front
conpounds of the fornula I :1 and pharmaceutically
elegorept abfe 038 tsylahafeionersl éf%ré@r:éom@trode of the
ornd Ot aners, . 20S, gl stere tropi s " .
“xfgceggfes greo |ncrud%ﬁg ?ﬁgféi??dlﬁg N—ox dggrcess -
thid heneoflvewhetried n ER];WLSSL—(JZL- CoeH ﬁfﬁbva"& Z+BRBHyh Rl @ha s front
~_hydrogen, -Z-CX2H, and -A-Z-CO2H, wherein if Rais
P'ﬂ“ﬁfd%b‘hgen”htﬁén Fhe 296 dife of “RANPRASEDEL FOOEEET bye ex=
ide,alad@agh 1 EMO, OORHAgLEURS: OliRLand R a, takenaBr which
"conbi nation, forma saturat ed, partially unsaturated
growie drsondtac hdti@coayidite :ﬁawm?gﬂzaql@»ﬂ ’frdlvﬁ‘gflaiﬂorrs and
haV|ng ditional _ring. heter 0 cted fr ves
3 S? %héf@gh T%unﬁetergbyg % E%xégb it uted® boa&
thrcaicshl e;a&t MW U=gsirdues iichdepergent:ay 1selcectrédd vam using a
CORH, -Z-C2H, and -A-Z-CO2H, Ais i ndepenendent |y
lasegal dtted AVEEEh e CURPENEE TGS t he group consi sting
of a - y¢ )' *qu’ :,CQ(VO) NgtRk&ar)c =y %(rQ)'%'e’ .LYS(Q)C’ TCO
-C(H =N, -S(0)2N(R8a)-, and -S(0O N R8
layaa.mayxgdquﬁmgil@@x@g@y@koaﬂkymaﬁellal u“derlvlng the TCO
: heterocycl oal kyl ene, phenylene , or. 5- 6 menber
tay hetgﬁbaﬁi Tene, gach g % gptfonaiIydéubstltugggglv
be nmdtiEl die e @R vgrf,qums nia&@&ﬂ%ndam lzy meels@ctsetbsfreme, can
G - C4al kyl, G - C4al koxy, hydroxy, am no, nono- and
contgpigatec éfRyI‘eﬁﬁhfo Celd) Y SbPhal®BleniRa §&mple cause
shur %%leeﬂﬁd fro@%&ﬁ%cQ&ﬁQp~99@§M§%' Qf@fq?wd%%bg%'%%%QQGd on
unsubstituted al kyl
“he Gnrt»mxﬁamyﬁvandb%(ﬁ@a@Za Rabwhsnsehected ibiom thep takes
R Up_consi St of absent, H.and_alkyl, o
plack ﬁay“‘?%gé‘t ?fsr of mE0-8F 2Ni% ﬁgb ﬂfﬁﬁ" ‘ar 8“égch""" the
photb&@@&%ﬁdﬁnﬁi%“ sghecbedibramithe gy osgp-leonskst kogeofiaver.
H, hal ogen, OR4b, -A-J, andN(R 8a)2; R4a is sel ected
The fdastadheter S cOHRT'STalRy oF Muckndiay k9|~€orz&16t|rg%mal 1y
affe%%' %I%EE&Q%W@«;QV}%UPL&O”&,§¥1\1'?19 ol ke @BFp11ies when
R9, wherein n
the PC@ layer is present on top of a photovoltalc layer when

the grooves are provided. The provision of the grooves in the
TCC laver mavy result in damage to the underlying PV laver.

In the second place, in cases where the substrate
underlyving the lower electrode is a temporary substrate, the
insulating groove through the underlying electrode may form a

weakness in  the system., For example, WO 98/13882 and
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Is an integer of 1-500, 1,000, 2,000, 3,000, 4,000,
5, 000, 10,000, 20,000, 30,000, 40,000, 50,000, or
w®00086a0 i s a nean of a plurality of i ntegerBCT/ERI008/067692

a value of 1-500, 1,000, 24000, 3,000, 4,000, 5,000,

10, 000, 20, 000, 30,000, 40,000, 50,000, or 60,000; R5
W09 % 44 36 poded-fitamad e tgraal  consdrstfiiarg vofi nid, aal;d{yi;,omaﬂd:ah,
... R4b; J J§‘sel cted fronn;hec%nﬁgg conS|s(|n%_ H,
£oL D AW SN REDD, 5 MFRED) P NCRBDCLO AR Vwﬁbstrdtef
whid¥ =OsN(R8a) 2, SR2-Aldevilni B OFEOH) 2,2 R09Qi6G ak kHpards alent

and a substi'tuted ni trogen-contal ni ng heterocycl e;
vonqhs; Hbseneside beyectedtfr ohet hémgpéap\/c@n@péwn@ ¢ H “Oﬁt

)50 I L al.k reiy rl\,m

creigl s O§CI¥§I|£§%M Yhotheths S s R B e e e,
cppb@nﬂﬁdatﬁaébrﬂlac3+oép Sav6rObn?@ﬁEﬁbeme@tbwmgthh@tH%y@r,

aromatic or non-aromatjc and may contain one or nor
2PP-HEtH oat OFEr T Thetetn the FRAG ﬁayCEéOfibrtﬁéfi lem"l“q the
cemBHlSly { WLeA0RecOr RN &L d RS M th Sgbsaékut@&{@xm&n in

are the sane or different; and RO is selected fromthe
thwgs— oS tomsi st i i Hpaal kyl agndieH2corpugar thien TCO layer
(ana éu¥4bgs“cﬁ Tﬁ¥§%§h Hfgggélgg nEFrgiPﬁ%nW%qo%FF thg back
elfwﬁhaknﬂceuknﬁaiIyhaccepmabher§alstsEﬁan&;onﬁws;a is  then

stereoi somers, rotaners, tautomers, diastereoners,

LIS opt SonBFs 16FULaESREL 8% tHErdof , VSTt Ldf ngeEReTary sub-
str epcyarlldg & qzsndﬁet;{n er8QfugrCerd &l .n GoMmeunds, ot icqrergld Athe

111 7include those conpounds represented by fofnul a
grodwe Metdodh € ofrnprbvi didgratsetkeéspeonnevtt topreana coplearinto
contSgH (St GMThe Bresent, lavent].on pertains. (0.8 ethode.

Tor pro viding a seri‘es connection | sol ar cel'l
tiorsystem and to a solar cell system conprising solar

cells connected in series, Solar cells, alsg known as

phot ovél H&E¢TEe| PSOPgER @F&ﬁﬁyfc@ﬁpFF§efﬁ*@éF%1éﬁeaﬁa S0
Lar T PNOLOYOLLALC RV s Laver LOMROSEM G fodn 5E0 CONANCLAL s o

mat eri al provi ded betweén a front el ectrode conpr|5|ng n
is ‘Hat ansparemeconduct¢vesoxitep¢ TEOR (bn tligurate reposi-
tiolf %hrecelv%qg’5|de of th celh% andtg back el%gﬁ%%ggand

i\ L W5ack o T ) S CPPh E St O81 Sct 8 S ‘
cosﬂJﬁﬁEﬁﬁy;ﬁganQ&m®Q|Ing incident light to reach the

sem conductor material, where the incident radiation

is converted into electric energy. In this way |ight

can be jused i 9enerals ! £61ILL, CHEL eBl o ophleh IRt s on

an interesting Jarf ernative Lo, say, fossil fuels or
proomye edrezpawetheT e ovebaimummodoldtrage eof tdosglhar-heellCd sayer
is %%%%&anedEQC is alsc neesd for a process for providing a
series connectlon in which the provision of grooves through a
TCC layer which is present on a temporary substrate is
avolded. The present invention provides such a process. Other
advantages of the process according to the invention and of

specific embodiments thereof will bpecome apparent from the

iy

ocllowing specification.

The present invention is directed to a process for
providing a series connection in a solar cell system compris-

ing the provision of a sclar cell system comprising a
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by the conposition of the cell, nore in particul ar by

the na ture o f the sem conductor material,, and by
w0 b@jositeensi ty of the incident |ight. Wien t hePGUEPZO&067692
area of the solar cell is EBEncreased, nore power is

generated, out the voltage re mains the sanme. |In order
tratood nereasendiher wod tageje dasolar celdotsrcaftean: diagaded and
into jndividual subcells, which are connected in

2 bYQF T To 4Grm A St dr T 1S%5/sterh® Thi's ¢! doife By Least
two esh@bli S NG CongUctd ve gantacins @80, d ndicated as cxide
in terconnect, between the front electrode of one cell
layeipdef meng g el et taode dfedngthargh whidamdustterreuptr gy con-
neCEh%iEEOQEKS!ﬁLCﬁr%g%C%ggd%h%ﬁpagg %h%%%%%%eiﬁafﬁ agﬂg the

dirférent side of the inteérconnect so as to prevent =~ ~~
tramsherterc reutditigivdhbsicanibecdone byoptowhdwi@h an insu-
,..Qrooves in the solar cell electrode |ayers, e.g., by ]
Lt ng R TR B PP AR Of ehitig ot and thie back
eledhRIPald e APOIARIHOL, 10 ThpALPELSE+ 1B EREI 0RnkR Whee of
sol ar cell which does not generate any energy, the
the j ey nonmectt afda e dausey ity miste dve eas sgldosier that the
ins&P~Q&Qﬁri%ﬁe%gﬁrkbl%nanghghet¥Qnggggggpeqkn%ﬂ%ﬁ¥Q%ﬁ oxide
I'nterrupts 1rust be~as narrow as Possi bl €; I one T
layenhod ipmcerticknovwnrbigh heiart fiseries connefet itkdshHarent
effected as faollows: A transparent conductive oxide
CONQUEEAVY fferds H&tYSE -deposited onto a (gl ass) substrate
i s pat tgrned Wehh Raralklelr000kese Mieh fiormthe v celt
interrupts in the front electrode. The photovoltaic
sysy{epV) chapeisthat d stdenposiceed overdudiel FCOckayer layer, a
alsa.patterned with paral l.el .G ooves, which fo rmthe .
pho %&iﬁs'“ %ocr %Icﬁg S ShFEdt's ﬁﬁ@t"\%@é’ﬁ Yhe Fr onSreET compris
ing elsact nedetor tene celilvandzthecdpck edealrade: otfraaadent
acent cell, The back el ectrode is then deposited over
CONGKE PG | ZEte  afdepattierhedowt PEGPGoVEN T/ §R nfpRgUSD &
condHERUPLS: o The A dHer goppect i g fqr ned. by dhe back, adja-
el ectrode nmaterial de posited in the groove In the PV
cent ayeelrl, Arffotiweim prlocessafippa pranuf acthdrihgva serileslayer is
oSN g;iit%n agln a qgoJ:%_r; cel ~!n-E°’~ySt em hgs ,beenqlgl)rqpp%e%hiq}y L
PLOBEEOE M @ Bt RS ee? "Ond Ror 74 CORf Brefice TRy R
terdd@RctIulbydl998e Areeor d diR@itr@dkhat spr @eesSdeaf tfith an
‘ depositing the netal back el ectrode, the photovoltaic
Intergyey- £ the PYOesr 270 fflonthel éptredenBAch, character-
isedSURStrale, Eﬂ%ee19§99¥§§n8f fHJJ?yﬁﬁg deptiise transparent

front electrode is made up of vitrified transparent conduc-
tive ozide. It 1s noted that interrupts are by their nature
always insulating, whether cr not this is gpecified as such.

The crux of the present invention iz the recognition
that an interrupt in the transparent conductive oxide layer
(also indicated as TCO layer) can be obtained by vitrifying
he TCC. Suitable transparent conductive owxides include in-
dium tin oxide, zinc oxide, zinc oxide doped with aluminum,

fluorine, gallium, or boron, cadmium oxide, tin oxide, metal

stannates, such as Zn or Cd stannates, and F-doped 3n02, Sh-
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are provided using selective |aser scribing in one
process step. The deepest groove down to the substrate
w0 2000jodea@l Wi tn an insul ating conmpound to for nPCTEP2008/067692
interrupt in the back el ecttrode. The second deepest
groove down to the netal back elcctrode is filled wtn
dopadcbndict pndgopast eCOhat sover bapsupheténsufat | ergampabs eSr-
" in the deepest groove to formthe intercon nect. The
228 Hal FBest” yr oove down to the photovoltaic |ayer is
the inteks upteinriberieantrebeckr 9den s\ 2203001602 nspar-
descri bes a netho a for manufacturing a solar cel
entpr gendegtiweh stéﬁlesfboﬁne@tldh Vi s et Hodusi hglee ting
" rar ub t.r | Cl 9 [ . !
i tég?ggs the%sté'éﬁf%ﬁi)* ggép ?%ovghfr%%rFﬁegp%ahﬁut ey
ownﬁﬁngenxe srdelayekheiﬁﬁn&heSQUarscﬁrkﬂsygiennhhnq;gh_ﬂ
he transpa%ent conductLve oxi de front Iectrode

"f‘”r ndPEafel abSvE™IUT T Het pFBREYE PEPVPFEYI ditng W "‘reé’§
vite9apeehkomed t1d el WRYS NeCRSSAM @ I eRLUP R Gh the
. electrodes on each side of the interconnect between .
layehe Promet e@ecpr‘:o@e Forer rseltar vedlnl famg e period,  in-
cluglﬁgtggggc gf %hfl §§|| {9.p[§V%$ly riate wave enqth,
t2CITeuit rany processes i nvol ves

is WEOMRSIQheOfcgﬁEQVES &hsaugmnﬁheeﬁsont Qhﬁ&ﬂﬂﬂdﬁﬁb@dlmene,
mhlcahls a layer of a transparent conductive ox

whenp ch LMFP“@F%& ‘b i Cat T A A TEO PRy %%h”’hen
it 950QVe deethepedidled  mithy an, i nsul@f i ng: J8d ef*@'ge*lé*al Ly
has been found th % t he provision of grooves through
sulfplelTCO Faypemlawhi chncsugeneratigictarriced oubvadsipngen Nd
el .. has 0of (di sadyant S firs
‘p“i§§*“¢es§r|g|ngqg‘gﬁgoée “”'¥%e %%O Ingriﬁgy resul“ed by
thesd tasage 19 bbecouterial zupdepky by the TCQ |layesr, which
The debris fromthis paterial, which may, for exanple
leagy et R LT ¥t iRre? T vy et 3@ Tis a netal
substrate, , e epNkagbRakethe sl ar col | reystiem and ayeq
for exanple cause shunt's. This is applicabl'e both when
with he ghbbveniEVappliredaon tipsiTCOLLayer kaslsuchsctbuide when
alspymmen t he scrlbln stop tqkes?place t.hr n layers. . _
ihecover}*n‘g THe"TCO TRy &, “SUEH s “He 5h;?d§bq$%?c tayert©?
tio@ngr @@ét@nabhyrnbesb&@h electdode Payeén"Theldaﬁﬁgerasa

the substrate as such may al so detrlnentally
This laser melts the silicon layver. The silicon layer trans-

ports the heat to the TCO layer, which is then vitrified.

£

In one embodiment the TCO layer i1s present on
permanent substrate, e.¢g., a glass substrate or a temperature
resistant transparent pclymer substrate, when the vitrifica-
tion process 18 carried out. Within the context of the
present specification a permanent substrate is a substrate
which will not be removed before the solar cell is ready forx
use. In another embodiment, the TCO layer is be present on a
temporary substrate when the vitrification process is carried
out, e.g., when use is made of a process as described in WO
98/13882 or W0Y8/49%483. Within the context of the present

specification a temporary substrate is a substrate which will
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(W)
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affect the properties of the system The sane applies
when the TCO | ayer is present or. top of a
w@b@voswhde ai c | ayer when the grooves are provi PEDEPZ0&067692
provi sion of the grooves i the TCO | ayer may result
in damage to the underlying PV layer, In the second
be pbacesdi fir@asese Whet eb¢ hersulist ratlemwnderl yisngsthehlie for
___lover elﬁctrgde is a tenporary substrate, the .
18 nd @il &t i hgE grobvETPRFGTGR t He ™ undeY | yFRG “el 'ett PBAE mliPto™
volt oI aayeakness iAot R tsystem: 16ar (exarRlse,i MRarried out.
98/ 13882 andW9/ 4948 3 descri be a nmethod for
Thipppadturh hgnay phot bvds tafeldoied conpri sing the steps
of providing a tenporary substrate, which is, e.g., an
alumniumfoil, applying a transparent cond c tive
oxi de |@&yerviontof idwe: fanarersys subst nat ecase fagddnut on the
.electrode, applying a photovoltaic |ayer onto the T .
TCO| a§8FT &PpISHTR Ug%\‘c':kiélfe&%‘fr FHE T 4/dt9 oftBrEhete the TCLO
LayPhot VOl B) C FaYeLxa@PDL VN0, 2 CATd | 811 10 0 thesdack
el ectrode,” and renoving the tenporary substrate, in .
provi didg asserliss poppebi¢ofo ncoeske sydeemsltaification
~+9roove may b e applied througn the ICO | ayer (and .
th%p?fé%aﬁﬁ%’t%ﬁ%ﬁgﬁléﬁe“ V“Ié%@?”g%dtl OﬁgéséhﬁﬁfEQMOltalc
layvdacke g ectuodey ,a ondO: dihe: t enpor aryn sitbhisd rede;, Wwhenmmount
is then filled wth an jnsulating material. \Wen the
of $RGIFOF HYP SRSt At e s st Aten Yentvet: Tt oyt S Wit @
gro®&EN A0, Process. thhsugroeve andithe i nsul atd NGio same time
material present theréin cone intdo contact wth the

pro ???rfg gég%fgfl¢”g¥¥éé%{]“tgg%gng“gfygégﬁaégség)gf”layer
cell systens co i §ihg solar cell’s ‘connected in

is sesdesptsatbat stihecaunber of gps@cessrgtepssandetrherhen the
_accurate repositioning between the process steps makes
apP?Qﬁ‘%ﬁ%%n%*%%%téﬁ éﬁée&6§ﬁﬂiﬁ?@n§ﬁ@é“ﬁpoé€§§? will become
veryCEOL di gk ¥y thene dsneed Jor @ SRLI 6$+CORALGLEOR of the
b
process wherein the provision of grooves though the
TCO TIGQdrayer is avoided. There is also need for a process
for prQ%jdgng ?}§Fr%gsc_oppegtiqn an%@igﬂ_thQVrvificﬂ fon
provi si'on of §rooves”through -8 TCB™ dyer “whi chi’s shee
stePreSent toe & ABMOTA! YosUbstyaierd staveideds Prestovelitaic
_present invention provides such a process, O her e
layveydvaid agedeef tHE Prodess SHetor ditig BHFHES| HP&REI §n SUit-
abh@nqigilu Again, in this case, the amount of enerqgy
provided by, for example, the laser is selected to be such
that a groove is provided through the back electrode laver,
through the PV layer and at the same time sufficient to vit-
rify the TCOC layer below the PV layer. In this embodiment it
will generally be necessary to provide a “bridge” over the
insulating material in the back electrode, to provide a con-

nection in the back electrode. For that reason, this

emioodiment is considered less preferred.

The manner in which the series connection 1s car-
ried out is not critical to the present invention. In

general, the series connection is established by ensuring
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speci fic enbodi nents thereof will becone apparent from
the follow ng specification. The present invention is
wa@looeoswdo t 0 a process for providing a series PCI/EP2008/067692
connection in a solar cellBsystemconpris - ing the
provi sion of a sclar cell system conprising
thaat ransparent sCenducticve dxbue tayerand phet drald adlectrode
of | aye and.a bac(k el ect . rode erein the s%sjtem i s _
arvirGdd SFhito Sar 1 65t TWeC T hiff ¥t dlal CRBFFESRhéFei®d tHE ST
conhé@nsparient eneduﬁmve dedetheyefa;qi eneceelliel Sare each
connected through a conductive interconnect wth the
INtHRERC B el odfel BF Tt ar‘t‘:i}%%erﬁf celd i aHEect .
transparent cond ctiv e oxide Iayer is provided with
an in su lating interrupt; on one side o f the
inter cdfﬁnectnamfohthleq backsrelptt riude:h'es Proviidedrwiitsh made
ny an, m%err pt onrﬁ e ot .her SI de.o he |nte}[connec% .
Y URETD 668 $°Bei Mg HHEFA ePT'sedSi n“T Hat® the PRl Rg
thel DheebUpbti Nithendy anspacephpaNdUCLiV e Oxtod@e | aYekhe PV
is provided through vitrijfication of the transparent
layepnditt P ox tbY | BYEPudthEhpr 8564t silA¢éERCtden difsg groove
is PeéééhPSlhotﬁe%Q'%_ &ng SMstePQfO@prkS%ﬂgdaw i“.an insu~
transpar ent conducti've dxide Yiayer ot ovo
lat irayenet@rwr}a back el ectrode, the system conp r |s i ng
at | east ndividual cells with the transpar ent

conductjlk\fe o’v)t{ GeTTRYer o 14 CEFK Bl c‘bh%e&tecgmefa]
applidough ancondychi verddter Q@mﬂ?Cta Wik BethesRackiliing the

electrode o f an a j a cent cel wherein the
qroq%%ﬁ@ptér et condictine ! W%alaye’iene@dgﬁwu%ctw tﬁr@“aﬁcc““
& qu{IT Lhg LRetenrupt, on. si de t p.L cLy &
R A R A Gl e R O S
Jfommtlne athherPgi deyerf thie enteereomnect , pechsamact e rtle PV
. ised inth at_ the insulating interrupt in the
13757 dhfs prent riohtl ] QRiitode [ Tagd A STERAE 11 ed

transparent conouctive ozide. It is noted that

interrupts are b y their nature always insulating,

whet heffcorpfigiedthi his ugpegiltiled davssichwhThe ggcgxes are
i de present knyention.is.the recogniti t hat o
arp l|n@: erruptls%n fte\éﬁr ar‘fs?ﬁ"alr eﬁ%j%célguc%gvie rg% dggl %%rl*ed at
the (absatlsnm caked ashdCOritayenptdan bhyeoobial ned ky be ap-

tri glgg}the TCO. Swtabl tr nsparent conductive
i dé TVt i BAEFR2oxiHett zPRE o&F de@%Fmestor Lo

preﬁ@ﬂﬁﬂ%dgﬂﬁ%id@ﬂieﬁﬂdﬂn§ﬂﬂﬂt~ulreu1tb by melting of the un-

derlying material. For some of the embodiments to be
discussed below, the provision of strips of an insulating ma-
terial will be described explicitly, but they may be applied

also in other embodiments. The insulating material may be ap-

plied on the TCO layer and/cr on the PV layer, as applicable.

The interconnect can be established in various man-
ners. It can be established by applyving a groove through the
PV layer and filling it with a conductive material. The
groove may or may not extend through the TCC layer, through
the back electrode layer, or through both the TCO layer and

the back electrode layer. This will depend, int. al., on the
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fluorine, gallium o r boron, cadm um oxide, tin
oxi de, netal stannates, such a s Zn o r Cd stannates,
wa@pass@aped SnO2, Sbdoped Sn(2, p-doped TCO , PCIIEP2088/867692
cuprates, for exanple SrbaSed c upr at e . . The
vitrification process transforns the t ran sp a r ent
procopgustieveioxiwdéch dHeorgweaote ahspapehtednslihatingg embodi-
|nt rupt, Th V|tr|f|cat|on ess_can b e .cargi
oUt§6 3 p?ndu(?lv *t H¥ eo1h y & mﬁ&h Bnergy i for Egf
gxoewanpﬂleLM§l Py azlarsee, peher %Iiﬁaﬁitﬂed@rfmaﬁﬁ:ﬂiaﬂ ener Ghe PV
provided i s suff|C|ent t ovitrify the TCO | ayer, but
1av?ﬂsh§fw%|%ﬁﬂrﬁ ?nﬁ1t¥ﬁ¥ﬁ&ﬂ1ﬁ?ﬁa4%ﬁﬁﬂvt¥§ﬂeaQQQﬁ?1§?n can
@%@p@é%ﬁ ml’?@:}”kt}r 'ffd%éf %MI{I\%hdd‘éel’{id'l%fer with the
selection o a laser wwth the appropriate
bachevet @nigrdy; ., M st tH iz Ifh?&“ sm)pm auforgptskid 138d layer, the

son. In_one_enbo re,the vitrific !
*Ii’»é’% T Lar 77 o8 0L 6 e P TCO Ghen | TECFShgRoin the
si oves | ayeshdudr apotdaretayer .7\ |asers are generaldserred,
sui tabl e. Exanpl es include triplet or quadruplet N d
howq Bl o) Bt aetid @t SHamsFrIPi )01 ader stntepi@nraght through
epihyted, by these | tively;absarbed &
thetﬂ%’T(I§ngg%9 §%]c ea dﬁe§a§§%$§$|7|ca%?o% o%% Qéﬁ nev
te dOGdaydre layeanotriverr lgnbodi rentCwherne t.he TCO i s
overlayed w.th a silicon PV layer and optionally a
back el ectrode when the vitrificat:i oonn step i s
carri edreulsefusiid abl ew¥iLERT Lh€aihtORcPRABESSand the in-
conprises the use o f a reen (532 nm laser. This
e TyE e Sre 0§ OVRE svfi’coﬁf?g l‘F‘hené“I pretonalayrd will
. ns.. por.Lts the t g T r h -
deri T PeR® B oﬁ*é%i‘nbbaﬁﬁﬁﬁt e T PRYSr s Ppresant °F
pli&m a per manent substrate, e.g., a glass substrate o r
a tenperature resistant transparent polynmer substrate,
when the vitrifica tion process is carried out. Wthin
the contextyoifnthe presenhrspechhieat inm arper mBARMrupt s
substrate is a substrate which will not b e renoved
gendggefl lof el $ hdesaratngd| Py sthealiylforiugecopsidasaképns. At
the aHQQQLngpti} h%nT@Qcc@%@J”ltﬁmp @h@r?§?QPrQQt@ the solar
nporary substraté when the vitrificafion protess i s
gxﬂjcaﬁrnmmMMﬁ t@. QO“VMheniUQB“IlStﬁHd@@OtﬁlﬂlD&OCéﬁSﬁaew of
described in WO 98/1 82 o r W09/ 4948 VVthln t he

mnen

thisg or?r&tl*ﬁeff“ Jé‘%% CiTSEEAIPGT a gi¥alF 25 nar-
row SHBStIRIAH1S .a Gubstkat e mhi cRawl, | b@aer\,enpxe@ fronptheri e
TCO before the solar cell is suitable for

enough to ensure that the desired effect, the intervuption of
the different layers with sufficient insulation and the con-
necticn of the front and the back electrode with sufficient
conductivity, is attained.

The interrupts generally have a width of 2 to 400
microns, preferably of & to 250 microns. The interconnect
generally has a width of (0.1 to 200 microns, preferably of 5
to 50 microns.

The distance between the interrupts and the inter-~
connect of an individual series connection, where they are
present in different grooves 1s generally between 5 and 500

microns, more in particular betwesen 10 and 250 microns.
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use. In a further enbodi ment the TCO | ayer is on a
photo voltaic |ayer when the vitrification process is
w@arwiog4out . Thi s enbodi ment may be | ess pref PCT/EE2008/067692
The vitrification process igan be carried out on the
TCC | ayer as such, that is, by providing energy to the
TCO | ayer directly, for exanple by using a suitable
laser. It is also possible to conbine the _ \
vi trifitEt] oPrtepimi Fhet RETpPBVPSI 6/ o A gy gd\se material
tha{h&gfggeaagPQEQMOEEakﬁelqx%Bti%ngthQ%'%%eafﬂ%g Jﬁ%s are
laset, n this case, the ampunt of energy provided by
to pheabaseerdi shgeldcbedwtide=bensugh tthat:ldogr dove dasy provi-
. _Pprovided through the PV |ayer and at .the same tj| e n
510U PF crent o SRR he TO0 E ayer B8l o Ehaph of the
str1Byer inThi-$cRPEQGesSSd Ssespesi akky¥ ef fectdveruwheRed 25 and
silicon-based PV |ayer is used, Because silicon is a
1, 0%botiienergy apsdree whepe thecappPopricat €00 agécripgs, more
e SEL Lhe sidd layer.wll become very hot,
p"m\?\}ﬁ gﬁﬁﬁfe{dc@o@ht ri%kbﬁ%(eht%yfh%lﬁ”ﬁgl)’fi cation of the TCO
layer. It is also possible to conbine the

vitrification st ith the provision of a grqove
t hr ough’ & ‘Pt oﬁfgg?(igrra@%i/e?'*a \cgjea BeiE &t e‘&iﬁodé’*’?‘m ac

cord BYErso fole exanple Asidkh aasudviabled aser. Again, in
this case, the amount of energy provided by, for
exanple, the laser is selected to be such that a
gr oove ;i S pLovi de Qugh the. back electro Lr  com-
t hr ougﬁ%\t'f'féE vV %gs)gﬁdqgln Qat&fhg"s‘a:}?(é;L “lehetrsgf%?]%%i)égnt com

prigaos whd gtidoe tdieg TCO | ayer below the PV layer. In this
enbodinent it will generally be Nne(_:essar% to provide a

¢ BOgetinaver WS EARE af L hgwhrafer L8l eilfineRe sbdclensparent
el]peé%;r{aqgg,tt ) Jrovi dea pectior, Jnthe . back
el’ectrode. Eﬁ?“h*a;léeggogsoaﬁ,' t gl srlae"nbc:f ! r“fe”ﬁt%_ti“s

= congidenred 4 esgaprgheened.cothroranBercdiiahigfethe?) onto
series connection Is car ried out is not critical to
tﬁé‘lﬁbré‘_éj@ﬁ‘ti?@-h@e@ﬁ%nﬁwlﬁfg%%effaltf{ltfhéaé?épiﬂesﬁ a section
copnedtd and & Sstabldshed b ensuid nghal (Lhe 4 ront
el ectrode of one ce and the back electro of an

» adjppgentnaced | pape cebeghii-cald ye xonpectied iNa@dr) onto the
interconnect while the front and the back electro ae

aré e dctY Sint éryuptey 18t td fHECSIRS sitddsicoft it Raver down to
iQ%%!%Qﬁﬁ%%&er

® applyving a back electrode laver (4} onto the PV laver

and in the grooves present in the PV laver s¢ as to form

an interconnect (6} which connects the back electrode

layer to the transgparent conductive oxide layer, and

providing grooves (byg} in the back electrode laver down

to the PV layer
® applying a covering layver (9) on the back electrode, and
® where the substrate (1} is a temporary substrate, remov-~

ing the temporary substrate.
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The insulating interrupt in the TCO | ayer is nmade by
vitrification . Depending on the manufacturing nethod
w@boologostnt errupt, it nay be acconpani ed by a PCDBREOS/067692
the PV |l ayer and optional Iy t hrough t he back
el ectrode, if a groove is present in these |ayers, it
wWTHi berfiddiedw tis an inswrdiatd ngy materl.alltc e important
~_interrupt in the back electrode is generally appl|ed _
to BILERkIRG 47T COAE ST i ECTRSer SAd oA L GG Lo or by
whagl POV dthean f ngulatd ng.mmterial . Depending on the
manuf acturing nmethod of the interrupt, it nmay be
acconmpani ed by a groove in the PV |ayer, |If a groove
!S pre%@@&dﬂ%égm%$%éfﬂ%&&tlgfm%b% BgegéhkegnW%%Qi%g Com~
i nsul at'i ng material. To pr ot ect e"underlying |ayers
crisdrenigr apvwes Ar estappl iceftt, strips of an insulating
material may be applied at the |ocation where the
| METUPtIhG gTWoviesr i e (i b vRlgh pFi €edfh§lea transparent
| sl ALldg. M end Al idi A4 89,1338 81aR JQ prevent

e formation of ort-circuits by “nmelt-ing of the n
s derdyingdred etbahspabehrsumeb-tike enbodi neays-tenbe the
di scussed bel ow, the provision of strips of an ,
i ISR HEEHGE e sy g |1V iBe idesertilbed cdx gl iseitiypn got of
t hey. may. he applied al sqg i th badi ments. The
i nsul a't"iarig%r?dt é'rti Ztl%%iay lé’%ag)/%]%l{ee [ ri'q]t"he TCO | ayer

e angfaryiany thepRYchaveraias appld cab) e.(rlheiayer) onto the
i nterconnect can be established in various man ners.
| ffan- & est abl i shed by appl yi ng a groove through the

PV layer and rilling it with a conductive matgria

* TIEGGOVE ey B Wy Tiot St BT nf Slgh e T oY Taver
| ayer , aghroigh 4 heibaek @lesly oge-dayerthor bbbrowghctrode
both the TCO | ayer and the back el ectrode layer. This
widd depend? iERYSTa dRLO o ® hept oeedse’t epORRYGRIER O¥1de
t he, . gr00ove, i s, appld-ed: 1R, one ephodi ,ment ¢ electr
cgnc}%{fi?i v%%?eri gla \?\l}ni(%:h ?i@uégg' to Fille t%gg}ér goLveCt:LOde
i natvler RwWr] ayerthies Bhadk velrectmodd idtien ahe |5l rste gRove
.layer is an aﬂrmg}phquw Si. layer, .the cqnduct,i‘\{_e e ORReet
R e

o amRyRhous S Jdayer w tﬂas}é‘ﬁ back.glecirode. hE theiPVYiac-
| ayér “i s "an arror phous I layer, the n terconnec t
cdarraaleso alrde establ i shed by recrystlailsing the Si
into a conductive material. This option is .|ess

® ppgﬁgﬁngp substrate {1} 1s a temporary substrate, remov-

ing the tempcrary substrate.

This embodiment 1ls illustrated in Fig 2. It is important
to note that the present invention 1s not limited to or by

whnat 1s depicted in this figure.

A further embodiment of the present invention com-
priges the following general steps:
® providing a substrate (1} which is either a transparent
permanent substrate or a temporary substrate,
& applying a transparent conductive ozxide layer onto the

temporary substrate
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however. Extending of the groove for the interconnect
through the TCO | ayer rray be |less preferred where it
w0 200dmsiened not to damage the |ayer underlyi ngPpCTYEPZEXN67692
| ayer. The sequence in whiléh the interconnect and the
in terrupting grooves are applied is not critical and
¢  Whbpdependaonnwhak ol safest{syi tabfe- i n31 henspeehki crans-
process appliied, The width of the interconnect and
t A Fpiter Foptecyener artyei $2dEfer RFREGIPDY £hdirst groove

f o‘il;}liigé(‘(ilcﬂg tc}%sfgelraa}é‘o%\tﬁ i d h?*%k%g?éré‘”t tc@ﬁ:tdu_ctive OxX-
i nterconnect and the Iinterrupts, the solar cell 1Is

unade eitpeconvert elxagiptiel ntsolrel ext kksety. abplyiew efuch an

this, the interconnect and the interrupts.have to be

as” hAFt o a“s“ep“o%i’éin%?aef &“t%eé“tojt‘?i‘ér{‘ﬁanouf, h&qﬁeyﬂ\fé’arent
t ochesnteereneughet o BRSUrget Bat thhe gesivedief faatsiried,
the interruption of the different |ayers wth
SWFPEIEHY | hsEPaPidnTEREYEheEBRThechitoh Vofl avReE - f iont ex-

angdthe hack,elegtrode ‘%ﬁrﬂ\ﬁﬂ(qf 46 ent  Ganduet io‘gi g%ﬁergy

i s attained.  The interrupts ‘generally have a w dt
2 tload00hm crronsspapreefter abhguofibet @0x25@ mMagreonsheThe the
i nter connect neral I.y..has a.width of Cl..to 200 . .
TEONG: pr eParabl'y 'of S o 50 itd ondS TheSti SEaRLE ¥iEh
befmesisd her iy efdwptiss and it hesddit ers conneddi@d, abpiving
i ndi vidual series connection, where they are present
iyﬁ%ﬁ¥ﬁ%#%ﬁﬁlQﬁwﬁﬁﬁ%Pﬂ§ﬂ§bm§ﬁﬂ9%ﬁﬁﬁﬁW%éh Bty sor o) a
'Ué%ﬁﬁ@b+“ﬂ!ecéﬁué@%iéﬁukﬁ%oQSR“%%% %Qfgﬂgﬁ%éodown to the
m crons. When apﬁiled, the strrps of an insulating
metertghatdrat amddoe: lappldedicatidyec | ocati on where the

~ interrupts are to beqapglied shoul d be wi de enough to )

* al3ARRN AT eBsPsovE L 8FBRCOF tiHe | wtet r ipei Ny gf eBvEs and
WL dhe, W dih, of the (St DS 1 ganeral . Hhe SRS 1y
hé%e‘% w#g{h g%tmeé%JQS and 1,000 microns, preferably ©
betWwelery 50 and 40@ mascrans ,davr e prigfeeriatdlul didtweert oo
and 200 mi crons, Various enbodi nents of the process

* arftPiSyRtenactoridiing tto REHEGTRAENI O i&n be
envi sa A fi_rs .t enhodi ment. of the present NN

¢ iﬁfé“een’i@qutgmcos PHSES the steps toe“%f'“:raraf Y aﬁ%ﬁ%" remos
sulbsi riate (hjparhirgh duRiddeyr. a transparent

This embodiment is illustrated in Fig 3. It is important
to note that the present invention is not limited to or by

what is depicted in this figure.

In this embodiment, but also in other embodiments
of the present invention, a back electrode {4) is applied
cnto the PV layer, and a groove is provided in the back elec~
trode (4} down To the PV layver or, if present, down to the
insulating strip. The provision of this groove can be done by
applying the back electrode and then providing a groove,
e,g., using a laser. It 1s also possible to apply a lift-ofi
compound on the PV laver, then provide a bkack electrode onto

the PV layer and the lift-off compound, and then removing the
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1

per manent substrate or a tenporary substrate applying
a transparent conductive oxide |ayer (2) onto the
waewss®se and ensuring vitrification of a secPCDRPI00$/067692
of the transparent conductlide oxi de layer, applying a
photovoltaic layer (3) (PV layer) onto the TCO | ayer,
Lifandf pr ovingingdgr davest utitde PVEbayetidowent dltcheud€Oct a

.. -layer applying a back el ectrode Jayer (4) onto the PV.__
1t R AP R o ve Treidhtot T o Aayer To e s,
refded & Mian rRfereonnect: g0B) onhicohy ,connect s thgnbagkrts of
~.electrode layer to the transparent conductive oxide
whilghyeye @ provi o oo Rfooves Hogin Py e racece.

el ectrode | ayer down to the PV layer applying a

covering layer (5) on the back electrode, and where

t he sulist riat@l (ded satadeenpdrarnyrssdnis tnreertiggn alse per-
.. renoving the tenporary substrate. This enbodinment is
FalRg | usPratffddin G CSTEETRS i nporPanf ite néte tifHtSParent
ccm.fﬁtﬂ@i;ﬂf@s@;&tiden}@ﬁ%&e&n 15 gﬁbtblvbﬁ.*tbg_@. tOa @y Py st al Saci

depicted in this Tigure. further enbodinent of the
elepiesdnt FhoeAVESATC OEPICs bl tilfe Gehietal 25t epgsef two indli-
v:LdL{I)z[PVéedlf'sg 1619%'%{465 az‘g a%’gﬂﬁhcéﬂ?dﬁ?é ihaee( Hide layer of a

ransparent” permnent suUbstrate or a tenporary

ceilkubsirat ecnappltyicng e dugnspacentiveandactinee raxindect with

| ayer onto th iggstraﬁ_kpnd ensuring vitrjfi&g%ipn o
the fbfac'"sé“c‘tﬁ?%trf‘(% Yhetrrfsarehtt coftfiict it & bzildensrar-
ent | 8¥8HuctaRR! Yd:na PRQLEVOlS aheskaver (3o P¥nl ay¥®iliating
. onto the TCO layer, applying a back el ectrode |ayer
intqu)uent - t ke PYiflayef and appeyicrgngcti estd gheovwack elec-
tro&@rfyggyéy?dggcbigﬁegﬁr999*99? %hgnp¥hla%%&e%n%gd%h%f the

tTanspar ent conducti Ve oxide %yer, and a secon
integraowe{ibg) dharthe chdckdel est rade: | ayer dawsrtaopthei®V the
L’]%gger,,ang filling tho first groove with a conductive
CrantaEr Tl (E T SYOTUf it SAhnEttot apdiifigch transpar-
ent gﬁgﬁ{dd}gi‘}@wgi&@ carrier or. the back. electrode, a

In one embodiment the witrified interrupt in the

TCO layver 1is accompanied by insulating material in the PV

o

in figure 3). In another

+

layer above the interrupt {(e.g. a

O]
5

embodiment the vitrified interrupt in the TCO layer is not
accompanied by insulating material in the PV layer above the
interrupt {(e.g., as in figures 1 and 2)}.

In one ewmbodiment, the interconnect is filled with
pack electrode material (e.g., as in figure 1 and 3). In an-
other embodiment the interconnect is filled with a separate
conductive material (e.g. as in figure 2). In a further em-
bodiment the interconnect is provided by fusing the back
electrode with a silicen PV layer. The interconnect may be
made by a groove through the PV laver only {e.g. as in figure
1 and 3), by a groove through the PV layer and the bhack elec~
trode {(e.g., as in figure 2}, or by a grcove through the PV
layer, the bkack electrode and the transparent conductive ox-

ide layer (not illustrated).
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where the substrate (1) is a tenporary substrate, rem
ov ing the tenporary substrate. This enbod ment is
WO bdowsswat ed in Fig 2 , It is inportant to notBCT/EPH08$/067692
trie present invention is not limted to or by what is
depicted in this figure. A further enbodi nent of the p
resen tihnyeat QRoE0APARE seshkhenf-ekl-aping ngeney alack elec-
steps providing a substrate (1L which is either a .
trofpangparent gerirament ssLUbRY r abevort &ne efipbPat gt in the PV
tawéyb%%ﬁ%%ethéﬂuﬂéelﬁhiktraﬁsgageﬂgrcgﬁggﬁthgg 0%%@etnter~
[ayer onto the tenp orary sub strateapplying a
rugph@noVﬁkiawﬁﬂ(Q@e¢zmmme(3$ ontoamhempﬂansapanemwmﬂlatlnq
conduct.i ve oxrde roviding a first gro
matEhrBugh™t he PVt a ”¥‘%ht%’?ﬂ% Fﬁgnﬁﬁgfj uhg:on %t?iVeds in
figQ¥ekde, Igyegwdfer exanple using a laser, applying such
an anount of energy that the section (v) of the
t ranspatentlcorvtict Tveeekide 1y etk belUw RHSYrodves igPove
emhytigt[re;ﬂ @d@n p{:@é{l p'l"’nﬁgt’ E?]ecég’ngd "a’(éoovl'?t‘é‘hir(g%gihiit nedIP\éﬁ, COom-
Ta for ex anpl e usi aser, applying such a
Ltnaanantaop*emer@yethat the transparent conducti ve OXIde
| ayer below the groove is not vitrified, filling the
first groove with an insulating material (8), and, if
so desixeg;rappt yiNgd afrd nsttad ] NYusdddnsn@k the present
establlshlng a (precursor of) a conductive connection
inveRE deyhCehar e aiier %&NW»@B $HeP s rafispar ent
conduct i.ve oxide | ayer ng,a back Iectrode
* o e Thu Ry FagEre LRk pr00: HHIGHa 16y G 4 He e rent
el gstfoden{ 4 usonrs £ o ds}hea P&éﬁ@d@r ~Prsubdepresent,
down to the insulating strip optionally applying a
® peam@bmémg earrces pE3Entwherelude wubstidt elffekscate the
or % substrate, renoving the tenporary substrate,
ThT "ot ment is illustrated in Fg3. Itis
* '%?5{ Nt tQ NeLE Khat-Lhe present sinvanti onyds) Nohel, the
m | edﬁtd'or gy mhgt I's depicted in th?? frgbre I'n
t hisaempodementondutt _a‘résmzrm@tlmredenbodl ments of the
pr esent i nvention, a back eIectrode 9 is applied
€ providing a grodéve through the PV layer ontce the trans-
parent conductive oxide layer, for example using a
laser, applying such an amount of energy that the sec-
tion {v) of the TCO below the groove 1s vitrified,
ensuring that on at least one side of the groove a non-
vitrified section of the transparent conductive oxide

layver 1is not overlayed with insulating PV layer mate-

rial,

# applying an insulating material {(8) on one side of the
groove

2 applying a back electrcde layer (4) onto the PV layer

and the insulating material (8), and in the groove it~
self and providing a groove in the back electrode layer
down to the PV layer

» if so desired applying a covering layer (not shown} on

the back electrode, and
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onto the PV | ayer, and a groove is provided in the
back elec trode (4) down to the PV layer or, if
wW@r@smsics0 down to the insulating strip. The prPUIT/BPIN8/067692
of this groove can be donei sy applying the back
el ectrode and tner. providing a groove, e.g., using a
« lagRLrolthlssals0, POSS| ple’%Qaaﬂﬁﬁdbfhf'fi@ﬁ%gfate, remov-
compound on the PV [ayer en provide a b
el Eetrdide berootrdey RLbaysrtand the lift-off conmpound,
and then renoving thelift-off conpound. For further
information on the use of a lift-off conpound in the
provi simie ofr@t ooyeshiB sBbanigehks.isr ebgrenee ithamade: at
to WD 2008/ 074879, the rel evant parts o f which are
leaplpr @Rt ALRACBEPGPEL ARSI By er dilerignitas s non-vitrified
sect i CQfed AROVE, o LN B¢ €38AGL CLAVENT L ONal SO R8T 1o ot
tains to solar cell systens conprising- a transparent
ovecrbngidt Wwiehoxinde ikayer, Eygﬁﬁnwwomaae31hayeﬁn ang ambodi-

qqpac el ectrode ystenypeln ded . intq at least
lEikndlvfduéllin&éll?%v\ﬁ‘h = HE t gns%é qFE oﬂ&dgfiv%b not
uveﬁM;{i& | syerrwofnaceldl betngiconnect edotheoughbadiment the

conductjve interconnect with the back electrode of an
nonyg} weeht ¢ efECt WfRr &ifn e HGCankpes” ehe eaﬁauévwe with PV

iay@%'ﬁ&éﬂgé kuslgﬁ"\ﬂa%e%%&ﬁ‘ an, L asul ﬁ%”gf )Rt 5L

on one Ssi of t nt er connect “and"t back el 6ct f
iscpeovﬁdedcmdﬁmﬂan hmterltmm -OrR $dre BVheayswdebQ'he tlng

d he ntergﬁnnect %b |sed in that the interrupt
an e?$¥f&f SpAtent” frivnt eI ef50de is made up of

vn trified tianspament: GRNAUGH e 0X tah sddvONne conductive
enbodi ment the vitrified interrupt in the TCO | ayer is
oxiGfecoRrpani el By WtsuPafing ifitera i tweravmuay@fld non-

v1tf¥¥) tggctﬂﬁﬁrpfp%“%eégX}aﬁo Q@ngu CT&% aQQQH%Ltlon

nent the vitrifi I nterrupt |n | ayer 1s
d,..rafrottl;acw@hpamae& b}hemﬂiﬂleﬁl@“h&t«ériial ‘II’I’L theo®¥e | dyer the
above the interru in fi

1
casd iRl DO SN L0180 B3 L T LIRS, heBdafeh is not

ovezﬂtiwd ebectrode trmtienial J©. @y, s3sdl Richi-gureikiand sPotion
In an ot her enbodlnent the interconnect is filled with

L gheeparabeiegnductive iritiers sfoqeegtias rath| guremluctive
sectidd @ furth di npnt.;t he, | copnect i
ﬁywﬁng|3%d “by Esﬁ%} ?ﬁenghck éﬁ%d?%%éeQMAthRP gd ﬁ%gﬁ back
eledPfddayer. The interconnect may be

The version of this embodiment in which the inter-
connect between the transparent conductive oxide layver and
the back electrode is made by the non-vitrified section of
the TCO being in conductive connection directly with back
electrode applied in the groove is illustrated in Fig 4.

The versicn of this embodiment in which the inter-
connect between the transparent conductive oxide layver and
the back electrode is made by the non-vitrified section of
the TCO being in conductive connection with a conductive sec-
tion of the PV layer, which in turn is covered with back

electrode iz illustrated in Fig 5. The area indicated with
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made b y a groove through the FV layer only (e.g. as
in figure 1 and 3), by a groove through the PV | ayer
war@obswsisback el ec trode (e.g., as in figure 2pCT/BP2008/067692
a groove through the PV | ayer, the oack el ectrode and
the transparent conductive oxide |layer (not illu
the shraed ikntonepgrbodifmentts thelhpéer yHPEhi Rakh@sbagk con-
el ectrode Iayer i s acconpani ed by insulating materi al
duchiVenet P 1 ay o8l oW thid g rttst rirptsy i digeren -

enbodi ngnt; f he ¢ n Jf er, Junt. 10 L he, hack electro %%‘“%nt in-

not acconpani ed by insul'ating material in the ["ayer
venipebowitherdint bimiuptd (€0g.0r asyi rhbigursesddpicized and tdese
py As will be evident to the skilled person, the
P19%6ve enbodi ments on t he interrupt and the

i nterconnect can be com - bined as appropriate. A

further, and preferred, enbodi nent of the present

inventi%%nﬁﬁ?scé@ifpﬁ@s@,ew:al igt epsl @t : 2 pHOEYH ngaa de

pro*lﬁgﬁréuﬁb&&g'ﬁﬁﬂ%m f%%?i {uﬁ*ﬁk§¢¥¥”§ﬁle%%rQ%%%ﬂ%tlve

substrate or a tenpora strate “appl
oxideg alrfs;pax efitllcondygtliniercoxdaude: |aay eyncantto dthersulyst rate the

ap a_ phot oy PV.layer) aonto the
Sechy éﬁmpa?e%t cdndt %Yl@%f8§ ﬁEe| y8kge provi l&ﬁﬁgléd ensur-
ing gieoveohheoughakhe cRY |ayes ontenéherbhanRspan@Rt-vitrified
conductive oxide |ayer, for exanple using a |aser,
seCtagl yibRg Sieh té@ﬂém@ﬁmtof(‘@n@\dgywﬁatow@ séayeronis not

ave: (]vd)d,gg Jihe, ngﬁqlvq\g ; grQave J.s vi;tnified, ensuring

on at | east one- e of the groove ‘a nonV|tr|f|ed
sectlonIDme$eemDadsmarEntsnnmﬂugtmw%eoxsdenk&m&ﬁi|Sﬂ two

not erI ed wt |nsulat|ng PV | ayer teria
5LeE5p |§? Jrns?]l grang Fater ical’ ?ls‘j - o e‘“§?‘"ohe gfophe 1is

applgrPQDVﬂlr@Wrﬁylng & ihackrel pefdLode; hayen cbd)rant 9:theorn is
PV | ayer and the insulating materi al (8), and in the

ercgﬁﬁbv@ll%*s%lﬁ dad ﬁhé@l&hﬁ;Qﬁ%ﬁkﬁKKEQrﬂQ%e papkt vitri-
flodelegh G@e gﬁyer qﬁ%ﬂngo LQ%: PV. |a¥§¥ ip of TCO layer is
vitrified within the first groove. In another embodiment,
sald groove is applied in two steps, wherein in a first step
a narrow grceove 1is applied through the silicon PV layer in
such a manner that wvitrification of the TCO layer below the
grocove 1s ensured, while in a second step a broader groove is
applied in the silicon PV layer over the first groove, in
which at the edges of the narrow groove silicon is removed or
recrystallised into a conductive form while the TCO below the
broader groove 1s not vitrified further. An advantage of this
embodiment is that it allows good process control.

In another emboediment, the groove is applied in a
single step, where the amcount of energy applied is selected
such that a curved groove profile 1s obtained, in which the

vitrified section of the transparent conductive oxide layer

<4

is narrower than the groove in the PV layer, e.g., as illius-
trated in Figs 4 and 5. Depending on, e.g., the nature of the

PV layer, in this embodiment the molten PV layer may “with-
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if so desired applying a covering Jayer (not shown) on
the back el ectrode, and where the substrate (1) is a
WO eopos@iy substrate, remov ing the tenporaryPCI/EP2008/067692
substrate. The crux of thiis7 enbodi nent is ensuring
that on a;. |east one side of the .groove in the PV
drakayes andondydd rdf iek seetden ofs thedsanspar &ich a non-
. conductive oxide |ayer is not overlayed wth . ,
VLT hSHFat FREEPYR | pertiifat F FafP2F A bnECRABEHEL VAR Ai L dehetaver
e s Vit Elede I.on<of .t he T e 1S.NAY 1 strated i
bvc%@%?lé%gg“EyHEggg%%grTg%eafqglf§)%%yéﬁbtﬁgrqé%bgéfﬁgﬁﬁ o
Figthe hontwvialid immssecids ofpoftideeTORtayexbdige part of the
_overlayed with PV |ayer material i ch has becone .
m“eah%%%, SFOT Ekatibl 670 A Phé e &EE T For-EApe S ra = 9
thr&hdh canibasgdaRY layepst:hy 1 ABhtipg, and Hegi¥st-aklklsiing rig
_of the PV layer. The inter connect: between the
2. transparent conductive oxide |layer and the back
el ectr I S¢ /.Sal.d, vitritied Ion; of ;the
TCO beiqﬁ% in ggﬂ%u%%{jlx\fé*%o‘ﬁ%c%ihog& igr esgvt“ yér\?vi th Egcﬁ “he
intetegit odé appl iT€D ilmdhe grdovkee (iinttheccasetwhere diwsent
, on-vitrified section of the TCO |ayer is not . )
o gv%rFﬁ?gdgb)‘?“r—"@’né"‘er‘T'QaTTﬁéfr%‘? by SaiGTndKSVPTR g means
thatSetis o ofct he ol R heidW dubhcanducd ime 1eeredHon aMdihgie
a conductive section of the PV layer, which in turnis
roTovered i th backrerededr odeisTHESVErSi 6n 6het Birecafs re-
cuiPdiment inwhich the interconnect between the
R A §%gﬁéﬁfné%£dug¥%vgdgxide | ayer and the back
el ectrode is made by the non-vitrifled section of the
TCO being in conductive connection directly with back .
el ect r gd& &FHFEE iR Grosve S LIITUSET aed i Big ©oH
systhen EBRpYEEShEN Of ttAhscareed MERiahd: WA chtiBe 1ayer, =a
i nter connect between the transparent conductive oxide
phofoRertaiid theebackngl ext PogE s aradedsy tHes system being
dividy V_lrh.rd f:!te . “Si%c\tt LQIL, QET c;tlh;exf:[gq Q%qu; 'mﬂgoril%g;c;tt]:vasparw
connection w a conductive sec tion of the |ayer,
ent wWedudini tarsr icge covesedoW thebadck heliegt rog@cicted through
illustrated in Fi area i ndicated wththe

il 5. Th .
2 B e CRETATE T the T e Wi HESDecare adia-
centCOf AUCt | V&re B Jehe t REQHIRA MBI RInANELive oxide layer is

recrystallisation. Again, it is .inportant to note
provifhid the iprassehtsydpting interrupt on one side of the in-
terconnect and the back electrode 1z provided with an
interrupt on the other side of the interconnect, character-
ised in that the interrupt in the transparent front electrode
is made up of vitrified transparent conductive oxide, the in-
terconnect between the transparent conductive oxide laver and
the back electrode being made by a non-vitrified section of
the TCO being in conductive connection directly with back
electrode applied in the groove, c¢r by a non-vitrified sec-
tion of the TCO beasing in conductive connection with a

conductive section of the PV layer, which in turn is covered

with back electrode.
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vention is not Iimted to or by what is depicted in
these figures . There are various ways in which a
w@e@owsoee@n b e provided through the PV | ayer POI/8P100&067692
transparent conductive oxide | ayer while, applying
such an amount of energy that the section (v) o f the
TCO belowuriple: gr OV uli $ ¥l bl frhedpagBnsUcdmBidthal Qkides
at | east one side of the groove a non-vitrified ,
ares@@piteREY A1t r ahsParent SesRduct | e bRF He: | kperups Lt
aﬂnegrﬁvgrtQXQQGW”Eh kQ%QH@E%n%ugyaL@y% tﬁateQ%ahmﬂd@ Light
one enbodi nent, sard groove is applied in tw steps,
sCa V\h@rem@ fewiafe rxsmézst@}ppmaf@lat lav el gy osdo gy aowerd $100°C,

d thr the silicon aye,r in which the
pre§«$ %gh ‘?%ﬁgr%%%'“l?lisﬁ(g Pthat the underlying

TCO is m; Med tdad dd eﬁ@pmci &y ﬂ*\caarﬁﬁQQﬂd'L@‘fﬁﬂi@ known in
strip of TCOlayer is vitrified wthin the first
thegfdsvd; I°n Sanother MeaBEdivfents &l @rgrvove Chemappli ehrour

Depd i £ 10, SHERS,; w\/\herglﬁu thepsﬁf 'Z{tstt%%}}'egﬂ & MALL AW, ﬁQI W¥mical

Is app | ed t hr'ou i con ["ayer ‘m suc
Vappanneepbhat ient riafbddani, onPoCyD t hep;?ﬁ@@ bayer. vbelsowe{mﬁrw

ensur e n a secaond step a hraoade
ey S8 Ee &2 nRrPaaL HoRPod SrT) cor PY LA ﬁxﬁvéﬁOPnegffeP“

bindifgl S0ueE dibwdd £ atedhe rdges Ofe thernardOWppiy the
groove silicon is renoved or recrystglllseded into a
TCO coidict | ¥ flor REWRPEETLEe TOO Wel ew ke bPbaderagtvoveove

4u0*5 n@I V'%Ebﬁke%bﬁ9rkh?&een £y %d&§p§q§ﬁjg’f Lp SPat a TCO

enbodi ment 15t I'"'ows "good’ process confro In
layanotherthenbdiiment , cotheogiobve, | srappkiedsi m: Lalfsnrngicatufe

. ep,, where the anpunt. of energy. applied is se

can RO R hat & cuf VB Dy G085 Rr SF L he SChbdaMRags s Fererally

bﬂtm"ﬁh?d?heab{b‘tPkbbe(}wﬁe%m@ of bhecicanspapelbieen 500 and
conductive ozide Iayer is narrower than the groove in

100G HeopV | ayer, e.g., as illu s trated in Figs 4 and 5 .
Dependi ng on, e.g., the nature o f the PV layer, in
this enbodi nent the nolten PV layer may "wi thdraw' to
the edges ofattiwee godovke &y davesulis ofowhiehtacadbnvo the

i f]ed section_of. the transparent conductlve oxi de
Cr‘“ﬁfayér“b“é%trﬂe“s* (sstt’gﬁf‘réﬂ I(D)?) TYEE PV Fager hadhe pre-

sent |dasdFadethd Nold Ordrm Pyl $a3ks0 possihle Jortbhe BMyer~
| ayer above part of the non-vitrif ied section of the

ComPrEG o ber ort tésaduct e efglavers needed to abso >rb the
Light and convert it into electricity. Suitable layer con-
figurations are known, as are the methods for applying them.
Various thin film semiconductors can ke used in manufacturing
the PV layer. Examples are amorphous silicon {(a-Si:H)}, micro-
crystalline silicon, polyerystalline  silicon, amorphous
silicon carbide {a-$8iC), amorphous silicon-germanium {a-
SiGe), and a-SiGe:H. In addition, the PV lavyer in the solar
cell foil according to the invention may comprise CIS (copper
indium diselenide, CulnSe2) PV cells, Cu{ln,.Ga){(8e,8)2 PV
cells, CdTe {cadmium telluride) cells and/or dve sensitised
and organic PV cells. As 1is known in the art, combinations of
layvers of various materials, so-called tandem cells, may also

be applied. Suitable combinations include amorphous silicon
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t hrough nelting and recrystallisation, as illustrated
i nFig5 . One of the advantages of this systemis t
wh2@9sdche i nterrupt o f the TCO | ayer and t hePCT/EP2008/067692
i nterconnect are present iTethe sanme groove, A's
conpared to other systens this nmeans that instead of
wi thWan i@ Qess tougn: t ke 1P¥ohayesn@nlaynca$ing esg10e¥e with
needs to be provided. This results in Lhe process re
amo PR AGS F £5SCT ageFeap@ei ty, The present invention
al so peptaips 10,8 s9lar cold sy, s temconprising ¢ the
transpa%é%t@%o%%ﬁ%%ﬁgggﬁﬁféééﬂay%ff hﬂ%ﬂﬁ?ﬁvﬁ%%%?cqwxl‘jh
TCO|l ayeprians a backr ehectopde, t thersiyst embeilng: diviceeche FV
1__intq,§i | east two individual cells with the transpar .
FaY@ht Y condbiBEr §e - Ex PR Ay Er 20 Fta C&l I BoiTg ‘connétt &t e
of ﬁhﬁgygﬁ,aiﬁﬁﬁgﬁgﬁbyeahﬂtQﬁ%@?ﬁ%@%ﬁ@ﬂﬁhdﬂHEéEE&%on layers,
~ electrode of an adja cent cell, wherein the
withr ahgparéapredondietpydedrisde itapsed $prid\A deldian 19reaiying
el LNng, interrupt on one side of the in terconnect
t““a%%g%ﬁ%ﬁga%kgéféctrode is provided with an interrupt:
on t he WidervsirdéloftitinkriaseredOnniaet ,Pichasact er msed par-
...ih that the interrupt .in the transparent front ]
CLCR{BEI T b FYLMEAE Gp ot NVEFFT eW AT STepdfiant Jenerally be
of condueldve,oXxige 4 heoh® 4grconnect between the
transparent conductive oxide |layer and the back
el ectrode being nade by a non-vitrif ied section of
the TC‘?mbeir'f%Jré‘ C@rkg%‘étﬂa" ,connection directiy, with ;.
back el éctrode applied in the groove, or by &
cal non. tvict rpféeeehiseéntveonioh. t PecFEDabaivngii Nnseondschoth as
.Iive connection with a conductive secth_n of the PV
FELIAYErt  WRCCh® P n EFaT 5% Ecover BE- i t i bag""ﬁk BRECt rodrtrode
will Ex2pPl estpi-pHbEabLe Lranspapenct seenduct ive oXl des;, com-
are mentioned above. F-doped SnQ2 is preferred,
prigecawse it sughabieor mtdesialed Eeysral | i hegkur f acefliecting
profiilli & columar.Light seattering textune whan. appljed ;-
Ut a t'enper at Ur € above 0C’ preferapfy i'n Jhe range
ver 0fob08 ol aCiohhefTQQ ars ber appthedThy speanrs a0f layers
met hods known in the field, e.g., by nmeans of Metal
PreiGiHh e CHem © AP Rapturd Dep SS9 o (IMscvD) L ov  temperature,
e.qg SPUldRE NG5 o AL Mospherd & Rresgur e Lhemcal (Mapauo) physi-
Deposi tion (AﬁCVD), PECVD, spray pyrolysis,
cal evaporat foposition or sputtering. In the case of silver,

it is preferred to first apply an adhesion promoter lavyer.

Ti02 and ZnC are examples of suitable materials for an adhe-

]

sion promoeter layer and have the advantage of alsc possessing

4

reflecting properties when applied in & suitable thickness,

e.g., of the order of 20-280 mm, in particular 50-100 nm,

The nature of the insulating material used to fill
grooves 1is not critical to the process according to the in-
vention. It is within the scope of the skilled person to
select a suitable material. As will be clear to the skilled
person, the materisl to be selected must be able to withstand
the conditions under which the sclar cell foll is to be em—

ployed, e.g., din terms of UV, moisture, and ifemperature
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(physi cal vapour deposition), electrodeposition,
screen binding, sol -gel processes, etc. It is
w@e@Pmested to apply the TCO | ayer at a tenper apCF/BP2008/067692

above 250C, preferably aoove 400C, irore preferably

bet ween 5CO and 600C, so that a TCO | ayer of the
resdeshfed. capogitdOncrproperdies and/or L1ext HEe k& ting

obt ai ned. The thickness of the TCO | ayer is generally
synpetween T 26€Rand ZO00RhnPO kbR et e padt | €EPEY Betwdsn epoxy

1R00 a 000 hm - The nature,of . the PV layer L$.00L ~¢f ap-

amlxg%’t i ggﬁ!‘-’ga%ﬁé" praégien%#a%et%’tql °on.§L %YGJS'%%I I&"E}éggbt 8§ °r
plyhegethbhatinsnlibhénpr easent adescei ptirert he itrerimg, P nk jet,

layer” or "photovoltaic |layer” conprjses the entire . .
and U FhenSing Bhor S heeded 4o Shstr b ITgHodmd Applying
the CORYBI Lt hgl R@ <0118t KiiQiit Yoo ST 2HLE LBYRHeCQAXilled per-

figurations are known, as are the nethods for applying
80Nt hefhe Vainousathing f FEMLBEM @éAduct@ins &&n Bedgsedf n sal
e RDU CL.ULi e PV l.ayer.. Exanpl es are .a hous .- ..,
Mwls"i"l‘é:% %%“glggaf‘&l? “‘rlrll\écr%%r%g?gﬁrg?e%éigﬁi’co%‘?oﬁ%&??cOI TR
jet ysdadpems engj | ¢ com;hanmorphous i tdcon @ardi de (a- Si C)

, anorphous silicon-gerimaun m(a- SiGe), and

a-SiGe:H In addition, the PV layer in the solar cell

foil acgeordiBgstarthe dzRveRti ahdrByn €OMPEASEL] San be es-

(copper indi umdiselenide, CulnSe2) PV cells, Cu (In, ]
tablgyyhgdeing yarippcetdss . Cdfe Yeadfm witedliiphiede)oxxepy o©f
4 . and aye_sensiti a \nie. PV.cells. Agis___ ..
*'“"r'%go{ig&if’ﬁé{fﬂg gr t%oz%%bian%git ?%1%%[‘0 lTjaillg(i?skgf "Iar Gugondue
tiveraterdal 5], soacadib ed da@antlem ced lrsgtamye lad sovddeide ceatings

applied. Suitab]e conbinations include anorphous N
of QI TONEH: i Or Tyt 411 9het 5111 g O Hitr T prbgies . to
whid | koMb Bpor phousrsi lshGon- ger manium «Ehe; PVl ayer or

preferably is a silicon | ayer when the TCO conprises a
floghqopf naicdeped 19 médsede. Shaht ket tdage tdee Pndayeto the
e WML nerl a i, Wrise a.set,. o .r.apuJr ality,Q_
“’Mﬂésdet%gp%&%" pjyg%péggpig'fﬁ??i %‘S"ﬁc?seaﬁgt‘ﬁ-l&%pe“ “arn r“pehloiusj&o““
metigidd canchay®s s soMeki thei pe doped Jayerisidyei agssehubred or
...on the side receiving the jncident light. The overall
SPEANIEkNnESSIB HUERe PYV Y5yt 80 nPESFePpar titubarTyoe £ SO
derdd | cbheearSonl. ayersc togeiher, wille gengrablyvd & Bidection

the order o f 100 t o 3000 nm
can be established via flame sprayving of metals, e.g., alu-

minium. The technology of flame spraying is known to the

skilled person.

The present invention can, int. al., ke used in
providing a series connection in a solar cell foil manufac-
tured using a Temporary substrate. Procegses for
manufacturing sclar cell foils using a temporary substrate
are known 1in the art. They are, e.g., described in WO
98/13882, WO 99/49483, WO 01/47020, WO 01/78165, WO
33/001602, and WO 05/015638, the disclosures of which are in-

corporated by reference.
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The nature o f the back electrode i s also not criti
cal to the present invention. Preferably it serves
wbodok/080630 r ef | ector and a s el ectrode. Cener al PET/EP1968/067692
back el ectrode will have &1 hickness o f about 50t o
500 nm and i t nmay comprise any suitable materi al
havi ng wight 4 efdgeding, proparides,ipreferably s to meet
metal, for exanple, alumnium silver, or a
a TEgkBitnatt oRCEUE TERFBFE - 0 F- bBER. TFhelte mefalciapery heat-
-sPEeLerably aan e applied-af 4 compaLaLiL¥ehynbOW,ring the
e t enper at u)rew, e.sg. ,1 bel ow 150%:, % y n%ans 0 %q?orurlrg ®
nanphstance ¢f ntivacuw)aphysicafcvapowrdeposi fdummy, during
.sputtering. In the case o f silver, i.t i s preferre
e UG EARSt CBp  y Gh datesoh bPBmier FRGEr. Th G and> >°
str &P ansugxarpl 8o f+ stid abl e ederi afesi f Adudihg its manu-
.__adhesion pronoter |ayer and have the advantage o f
Laciypsd- pddsedsPhg hef Fectilng properples Widh 5%@ | Bei fayer
-itﬁb@@iEﬂglﬁ,Eﬁkgk@%i“ %k=:§4ﬁfi$h }Qrg§nc,~g,2%1%%QH the
N nm i n parati cul ar Sg- 10%”&??\ Th ﬁétureuo F t he '
framgsutatengtimee terrde alleaset: tokfildd greomes Wis Ingte able
.. Gritical t a.the process according t o the.in vention.
o P PoE i (Wb TNe SCOE 1 {RG"SRTT Ry BBFEBRNER S made
to SEkegboResSHehtidhe@ pBbErEatioAss Wl brBrerehbear ik @ foil
. the skilled person, the material t o b e selected nust
of B elgbl £% WAt st tHee dondl tiofPihder: Whiieh ae that
in ?%%f%afegﬁcﬁofgiissaEQ QeéiQEBEQY%%’hﬁr%:pﬂr%é%%r@%n era-
, hoisture, and tenperatureresistance. anpl es of
turesui t ablre maskcw al Scar eeivapukating symd hetviae r elsé ns removed
__.such as pol yurethanes , epuxy resins, epoxy amines, .
oMY uatier, Stic Aty SO STierred dStOUS O ap Eable
metdlyi Dgcthesi Bsubat i ng urBkaRkal A58 S€ eePoRl | REEREL, sil-
ink jet, and dispensing techniques. Qher suitable _
vemethods é‘f‘ﬂéf@&@ﬂuﬁg t¥ec . PRSGIVAL | 11 WH&@M&EY@WEI t_@?@rem&
For(%%%ﬁ%ﬁiéoréggeﬁgl%&8ggp%&ﬁ%¥é ﬂ@eiéngygggkggdspgl%ﬁpIOy
al so can be made of sard insulating materials and be
Fe, appl i €d, erg.alikysmeansc«aff i nkiyet, tdespepsirigrmance {and
tﬂk_.ot her printing techniques. A s \q@s:»»?t ated earlier the
AT ertohnectoan b° et abfi ShedoPh/ vari B Ways *1rfy and
coppdr i Sr&shabti shedehy sy Ofiddysd PrONLAEHIad9RARYS I ques
and then filling it with a cond uc tive material,
for gmaable esiduct iave rarceri als tiiclasde coatings of
g;g:s 'tz'g_”‘ﬁ!?% PRLY RIS - SUGN a5t hg akorementioned, , or s
used as’the temporary substrate, to provide the temporary

substrate with a non-reducing diffusion barrier laver, e.qg.,
an anti-corrosion layer, more particularliy, zinc oxide,

If so desired, the temporary substrate may be pro-
vided with a transparent insulation spacer. Because of its
transparency, this layer can be left on the TCO to serve as a
protective layer for the TCO. The transparent insulation

spacer preferably is made of glass.

tx]

or e=ase of removal, the temporary substrate pref-
erably 1s as thin as possible. Of course, it has to be such
that other layers can be deposited on it and it has to be

able to hold these together, but this generally does not re-
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whi ch a conductive filler, such as particles of silver
or flocks of nickel, is added. Such coatings are known
wo o00vlogoedki | | ed person. The coatings can be appCT/EP2008/067692
usi ng wel | - known met hods such as screen printing,
printing, dispensing, or spraying techniques, It is
quidésatpossi bke dx-provbde sEokidered qennecihonthick. The
Alternatively, the conductive connection can be
thigkpabfi gheteiARlY | efrel s prlayi Mo Methlse LG migieps (0.2
) M m, sthe t gchnal ogy, 0. f fl & pr.ayi. s kpown taQ...
mm)fhgtﬁﬁﬁqqiﬁi pggsgﬁ#pT g%ﬁ%gSen?Fi§$€ﬁ¥ﬁg%t32n,girn.ﬁjhlmum
thigkngshefosed Larpeouimdbrg afsecitesiednnedtliiola b anicrons.

_solar cell fojl manufac tured using a tenporary . .
Reo{BLeoile. 2PrACERRES T 6F MATIGRactariRg sOlar aditicalarly
of follsousi Mo | enPardy-spagtrate are known in the

art. They are, e.g., described in W 98/13882, WO
99/ 49483, WD 01/47020, WO 01/78165, WO 03/001602, and
WO 05/ 638,; the di. ur f which are i wher -
corporg%gdéﬁ"yk%%f%ﬁ%%%@?%ﬁgiggg"iéﬁ%%%gﬁ%%ghﬁﬁr%ﬁife =P
propsiasedihét shbhsrt oehbefodlnuahebeobroeqdiedenents a ddrrier
has.to be suff i citently heatresistant to w thstand
OVex hé "EondT £F ofid SFEEATH] i dUti Ty The TRERFALANe ofoth as
knowmetrsoldfe Coll1 10l | pofBEE. PAh G @Sl YordURFNGatheer over
deposition of the TCO and the PV layer. | t has to be
the st dhge erdugia o supporar te Wotar we |19 gidded@rfi g tenpo-

ar DA IBELIE, L s oD, SRtk el Al
For pfocessy Withimathenf camewor kcorfidhese guedel inésdihents
~Skilled person will be able to select a suitahle
LT ary StibstT RS RABience S e (104 e -evant parts
of abeve-nerdi aped publ i CRtbERSratiaprsf erablyahseca fRiltavie
of a nmetal or netal alloy. The main reasons for this
cargyed t havernngénedal ssuckcbwid sthie ddsirst anf polhlingh, but
al1sProgess. tempera tures, are sl to, evapgrate, and.can 4. _
oo BSESCEIEL  BALES. LSS LANCL O SUARSLLS B0 SO0 (s
eledtechni questadSuilt=akire et dser ngldldesstes] traldmgdsume the
.....copper, %(ﬁ%?1nipkehm si| ver, zinco mol ybdenum and _
CRIITioyREGF IR 1Y - T2y dPs R8s , " FotC eBBnofi € “FEd§ons 2 nIes
are AMANGIQINELS o t6 g RIS §fdRd &0 R 1ES Ao @brds to
al l oys thereof. Gven their performnce (and
300 microns.
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taking into account the matter of cost.) alum nium
iron, and copper are nost preferred. Suitable etchants
war@ongwhni ques for renoving netals are known POT/ERB08/067692

art. It may be desirable, for instance when copper is

used as the tenporary substrate, to provide the
cradgaporary substrate with a non-reduci ng diffusion

barrier layer, e.g., an anti-corrosion |layer, nore

particurla, zinc oxide. If so desired, the tenporary

1. .S’L{L’?St_..}r?act;eesgaéémbeﬂ%@r*?_d\ﬁ,izmdeda V\Qgévh_g’tggnﬁepﬂfm *F a solar
i nsul’ &t on spacer. BeCalse of "7t transparency, thi's

cell ayestemanchepkebingn tihhe Q10 @erye assalprotedtl weystenm
| ayer for the TCO. The transparent insulation spacer o

COMpY BF BrAbIRY FEAHERRT O T gl BEE U F o Sead OF rébal , A THROROT

vo1 1 8MPOR ALY (Substy al ey pre fo18rablyid s @R AN 88e system is
possi bl e. f course, It has to be such that other

dividgérsnttamd kdeposit edidividuahd gl hadanpiye dst g rans-

..to hold these together, .but this gen raL%- 1dogs not. . ...q
P“*?*@qui“r"e“‘?%“*‘r*a”%e%n&r*é' tﬁéiF(Léoo“'% c‘r8§s [ %Y% ) thick. o

thrdJhent hi eknesstpref enabkyohsetn whenr ahge vakkl die@0hde of
m crons (0.2 nmm . Depending on the nodul us  of . i
an @P3ABEPRT { § Lt he2RfnEAEMCIHRTERESS i S1oTa HChrige Ry Lover
is §%g€§&§&'@&%hmkﬁﬂ BE 2 N PNS,+ ACCRIAI NGl ¥neBside of the
I ckness of 5-150 mcrons,” nore particularly of .
intd0cd00emi chods thies bproéf erlreath rAlss Wb | prbeieésildeatht g 1n-
....Lhe skilled person, where appropriate the solar.cell
oty B T OV Bt O AT PErCoVeTeThe BhEk Brocess
bel@l e€hsngder ol st hnanhencapsulianirheth ias tkown-dresparent
the stilled person. The provision of carrier over the
conpaek: & eBtF Ble LY Epr efferi el et e t0SEUER FadE IS cgton of
thet@%?sﬁﬁé/nf’%é@@hﬂ{ QCE83e 8By escribed in the above
references, For furtner information on the carrier i n
t hese enbodi nents reference is nade to the above
., references, the relevant rts of which are herewith .
2. i HborpOTat e BT SHE ohdel St Abi6 CATF G1'Y ayafcr nder
LyidBterd at Sarsied tder tdiduddd 17Be ofx ol yrefar bt alsgstfofte.
exanpl e, netal foils onto which an insulating (d
electric) surface |ayer has been applied The thickness
ofp the  Cardi el p-Eed erabey,hs 150 65 ong 40310 4B vitri-
Preﬁggﬁéd‘FangééraFé“lob h%%%bns £6 6'mmand nore in
ficgardn cpkareds0 im craonsidd out by providing the TCO layer

with energy wherein the amount of energy provided is suffi-
cient to vitrify the TCC layer, but insufficient to cut

through the layer.

4. A process according to any one cof the preceding claims
wherein the vitrification of the TCO layer is effected using

a laser.

5. A process according to any one of the preceding claims
wherein the vitrification step 1s combined with the provision

of a groove through a photovoltaic layer, in which the amount

of energy provided is selected to be such that a groove is
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300 mcrons.1 . A process for providing a series
connection in a solar cell systemconprising the
w@e@viosican of a solar cell system conprising aPCT/EP2008/067692
transparent conductive oxixke |ayer, a photo voltaic
| ayer, and a back el ectrode, wherein the systemis
pro@l Yo ded, i N9, alnd eagt; Iy i N vduale colides wher ejurdiRg ent
trans parent conductive oxide | ayer of one cell as
te chhmety edha g ghae e drrluet | e i85 erdctsinect with the
back el ectrode of an adjacent cell, and the
transparent conductive oxide layer is provided with an
6. I nsupbattagsi atecrdphgorconasidles o1t hael pirev-eddmectclains
and t he back_ ewl ectrode is provided with an in terrupt
COMyRHLEHET ot'Her! $1 e 619 the*t er connect, the process
& be]l.)al'l.j(g\7£(§]la§{$c}i egﬂl@ggvligﬁt h%‘ ‘é\:gﬁchnagr rél_‘!_%thelt’n “t I(}_%:ansparent
transparent :” conductive oxi deé ayer "i s provi de
t hsotginand rddb clatdion of 4 heeripransparsenistconduct i ve
oxide layer. 2 . A process according to claim1l
s wheprlnithed | ayepsgadent] yigudie Mer wspi ehfyer onto the
conductive oxide Jayer is a subs trat . 3 . A process
ac‘(:%%r&dfl;“hg”t oﬁ%: “%Ilﬁ?lf?or 2 , wherein the vitrification
»  Progessins saphbedveutaby proovi ding:t hesTCohtayenaWdduns-
energy wherein the anmount of energy provided is suffi
cide o YPRINFYLIYheOFCDR| AFERL - bBEOVASUPHI @ dntrsto groove
cut,, 1 the, | ayer o [ OCESS: ALG0 i BNy -
ontéh“o(wc?ﬁgﬂbér relg‘{edll nygg%lélltrrs%v%ﬁer ein the v??rk?%%gttl o% o
of iddelFCOr| ayeriviisicef bechedirusimgumt | agerendrgy Athat the
process according to any one of the preceding clains .,
e P NG OVi CHf T8t [ SREgrE oM Heck Wt RECHE. 1ever
Prigvi ik Qlhe Qf r@8Y 00y e, 1 oughs ,a dhotiewald al Gdayel .groove
i n which the amount of energy provided is selected to
bet st halte alYr e6veri sproviided $Hibugh EREUPY Pay&nergy
and. at the same dise sufficient:19o wittifyiihe . TO0 0w the
I gé;é% bEI‘gw ,?1%21%!\? any°erT'blgdfggl%!?oé'gégea&%% nggt"ow the
anyr@ome: of st hetprdaedimg gl af sl iconptisi figrehegroove with
fol | owi ng steps: roviding a substrate (1) which js
eithet™ & "?‘%’Hg%a‘”rl%g??lﬁér Rghenfmgu@gﬁagtlé%ﬁﬂg 2" lprecur-
teqpor ary substrater ivapPRiodd:id did aRgPatent the PV layer
conductive oxide |layer onto the tenporary substrate
down to the transparent conductive oxide layer

® applving a back electrode {4) onto the PV layer

® providing a groove in the back electrode (4}

® optionally applving & permanent carrier (DH)

& where the sukstrate (1} is a tempcorary substrate, remov-

ing the temporary substrate.

7. A process according to any one cof claims 1-5 which com-

prises the steps of:

@ providing a substrate (1) which is either & transparent
permanent substrate or & Temporary substrate

8 applving a transparent conductive oxide layer (Z2) onto

the substrate
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[R]
b2l

appl yi ng a photovoltaic (PV) Jayer (3) onto the trans

parent conductive oxide |ayer, providing a first
w@e@owsosthr ough the PV | ayer onto the transparBCI/EP2008/067692

conductive ox ide |ayer appl ying such an anmount of

energy that the section (v) of the transparent

. conductjve oxide ) ayer. helowtrl oVE+) Sy NLLLI fled, e

* pr ogﬁud%unggeags é%éht'(f é}rlg'oﬂ\'ig'] tht %Shg? Ee PV |a§-e%'£’ i the
appt yi ;g sach @amanounte ofxsireriggydhat the transparent
conductive oxide |layer below the groove is not

* ViBFPTIRUO TR grAgVEhEnEPRER §RBOVE Wtk rartites dibdt itdgns-

er i (8) 4 d_estaplishi, r.ecur sg f.)n &vinns -
o e ROty R SR R ST Sy of
t ¢cam-gparieatt toendactive oxi defl ajper Tapplodlng atvack cove
e gctiode [4) onto whe BV Layer, proyLding g grgove dd .,
t he® bAtk® & Eetr 0BRS¢ pti*dhaPly 2appFdithg P Spérminént 1€
cafFb&fe (B) nonhene e csUcsidate, (dr) the aQRAranY con-
substrate, remov ing the tenporary substrate. 7 . A
préeeissvacedtdt ngayorany oaé oveglaves rShwHingy ledmng Y
prjgee? the steps of: providing a substrate (1) which
i s & ther a transparent permanent substrate or a

e eé]iﬁlcfm_aiqu sERst hali@a+apRl YaRera il anspasenbneondust iove the
oxi ayer (2) onto the substrate applying a
photevettaic ayer (3) (PV layer) onto the transparent
conductj ve oxide layer,, providing g, groove r ough )

R e A o L HITE et b NN foco i REIEE
| ayies appl YinR@ 1SuGh@amnmaroi1 of senangy thathéhgroove it-
section (v) of the TCO below the groove is vitrified,.
enstkf nEhatr Onl Gt easItOHE sitde-ot Rafek g v gle laver
nops.vi trd fied section.o f the transparent con ductive
oxi de layer is not ‘uverlayed with insulating PV |ayer

»  meterial gesapphyiRgianngnsul alyag mmt esyak (Bhtorhene) on

si de of the groove applying a back el ectrode |ayer

(HDrito f el PVEIfer &Y the insulating material (8)

anvg in t:j}%gsropﬂv.e it

* nere upstrate (1) is a temporary substrate, remov-
ing the temporary substrate.
8. A solar cell system comprising a transparent conductive

oxide layer, a photovoltaic layer, and a back electrode, the
system being divided into at least two individual cells with
the transparent conductive oxide layer of a cell being con-
nected through a conductive interconnect with the back
electrode of an adiacent cell, wherein the transparent con-
ductive oxide layer i1sg provided with an insulating interrupt

on one side of the interconnect and the back electrode is

nect, characterised in that the interrupt in the transparent
front electrode 1is made up of vitrified transparent conduc-

tive oxidce.



self, and providing a groove in the back el ectrode
| ayer down to the PV layer if so desired applying a
W@ 000e/0808g0 | ayer (not shown) on the back el ect r PAEEPZNg067692
where the substrate (1) is¢a tenporary substrate, rem
ov ing the tenporary substrate. 8 . A solar cel
5. SYSUED CONRAI:SI NG, & Lf aQéQé‘.Eg;Dﬁ C@;%dbt@ltA%@ oXi dechkaysr ne
a ‘photovol taic |ayer, and a back el’ectrode, the system
intdecmgeivi Dedwiato tate |eastsgaseiindtvnduat ivel bgivet hayer
.the transparent conductive oXi | ayer o f..a cell .
and b@ﬁ%f%%‘ﬁ et et %rjo%g@p%“c%:ﬁgﬁf@ti /& Phterdonngdt Sectien
of WhEhrtbepbagk ehecthederak-arcadikacant celdectulhergith back
the transparent con ductive oxide |ayer is provided
elegirdranaPRsipdt ilng tivst errapte oreBrbE §i derofvifRefied sec-
tioh ntoefcot!}{gectr@pd‘)te@% ba”C’LK ee.l:g*g&ﬁ?g?vés, 8&99(@.9@%;\!\" t'»«hith a
an i nterrupt on {Hhé St hér side of the iniercon nect,
cendihat oot esésedonnof hatet BE Lavery uptilich tihe trransparemnterad
. front electrode is made up of vitrified transparent
witl defule ?fé%t%%gﬁe.Q . A solar cell systemaccording to
claim7 , wherein the interconnect between the
transparent conductive oxide |ayer and the back
el ectrode is provided by a non-vitrified section of
the TCO being in conductive connection directly with
back el ectrode applied in the groove, or by a
non-vitrified sec tion of the TCO being in conductive
connection with a conductive section of the PV |ayer,
which in turn is covered with back el ectrode.



