1 METHOD FOR LOCAL HI GH DOPI NG AND CONTACTI NG OF A SEM CONDUCTOR
STRUCTURE VWHI CH COWPRI SES A SOLAR CELL OR A PRECURSOR OF A SOLAR CELL
[0001] The invention relates to a nethod according to the preanble of
claiml1 for a | ocal 5high-dopi ng and cqnt acting of a sem conductor
structure, which represents a solar cell or a precursor of a solar
cell and conprises a sem conductor substrate of a base doping type.
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substrate, a pluralit roaches have been undertaken to achi eve
hi gh effecti venes@fﬁl@gﬂﬂﬁpﬁgg%éﬁgiﬂ%mﬁﬂ QR PRIEGURSOR OF &l SOEARERBlgnet i ¢
radiation into electric energy, on the one hand, and cost-effective
i ndustri al productlon on the other hand. In partlcular in solar

cell's in WW0&h anThminvensionaplates ks merhod ascosAing imeinsermidnal daimpkfor Adocal

geneg at edh@aldbgmgfang Qaﬁ@alr@am @hﬁcdaaudt@r hhfcu@f@e@h,@ﬁ réﬂ?@seﬁfs%olgf cdilg? a
sol ar cell enbodied for incident light typically the electric

cont act i nafe&r'm?rwa‘ ajglaeced dad FmRyisgs aSarHtcadister LT ae o alyise dgring type.
arranged at the rear, which is connected in an electrically

conductlve 15 fashion to the sem conductor substrate. Here, it is
essenti al [B08¢] yi elnRAkp-1oltals selpF celis ibased ou & siigen sanfigndigpr sugstrate, a plurality of

ef fecti vehpprpatsd Natkaden infortaRed BMGIE AGR JIREQIREHR 'tmo%ér%htoy ilc®ent
achieved for the mnority cha:??e carriers, particularly in the area

of the re8FcrEqmaBgRs 'a‘fiwt“ﬂ’é infg pleC BIfORICTEYr OB (bR preaband, ard gpst-pffagsive industrial

cont act i nprodhiétidn) EMhe VX2 Ghnd. e faF@AGE, in 20RO IT-@hicB ¥ ARl €or 23@t&ls also a
cell structures are known in which the rear of the sem conduct or

subst r at ePFENELULHPRAfIPE hESAFRITAL IRITT PRFNATRG PRIYS 8T 1N B8 AT 4 ¢f theyorfrof the

silicon didugi @@ ehdyeed $diﬁhc1ﬁélﬁﬂlghtoﬁ§fpﬁalryftﬁ@@le”c@ﬁ&ﬁﬁ)ﬂaﬂﬁ{g' SAMthe BAsRWchireSia a
are yielded. . Onl ont act ints the sivating |layer is
punct ual | 5B o NAREI T GBrpEat e tean A bD b ETUBHAGE Hoeqtgeady conductive
metadlic ﬁﬂﬁbl&ﬁiﬂhlgeﬂlﬁyxﬁfucﬂos s@js\ﬂﬁﬂa HAFe, NS EQaSE Fod yﬁ@i&n@g:mlgwemssedegs that
achi eved @% a oc ea of the contact

& gl ighe doping, 10 Lhe ar oL
AR ot LA Gie db%.an}awa?wf AR IEETRRIPOn Rl g gy achieved for the
r econbi namirmﬁltyinldarg&?ldArhkeﬂn@hﬂtMularli el wied & a@a @@fthé hearcRRhac bt tRSiesli@ndector

| d t th t X dth
e LondutPaYe SISPP At beoTi Bk e B ebiERE 0l ar cel | structure

is the PERL-structure (passivated emtter, rear |locally defused), as

desgri bed. ) n| ck . Ri_cher Her.nl e,

i i el U L B A e L
front sidebst3fe lmoessente}iy taveret, entirelPwirb eestlicng sitrfle bﬂ]ﬁhcfbﬁtdlimﬁmrlqmamch that
Phot ovol t a ner nf.erence. 09. Thi.s
struct ur elg{/vcs §QJh rrefqm %aq;aén%glé)t;l%%soaﬁ"{a glegcf_lﬁga{ﬂg%t C(Jg'll?%:t R é% the passwatmg layer is
ef f ect i vemwsgially erpniandsn tlectrically conddtied ¢oanection tcaal d!etaﬂlmrtontectldgdayer is given.
suppl emen aareas

addi t i ona r?fn%re?ée 1}\%?(%%&;:%& I}lsca%é?vedkb?f a l%catl %?1 ign du ¢ Arga cif tl?e contact points,
[ anSenentlwmutSﬁ doé ta theslmsabhlgh dopink a-re@ttcnumbﬂthe red neoimipnaoniaodhidéitionally a
at | east MeLY; el t it W,
Fecom: natT ol g e kR P S0kt e FRONE MES el 81 the
HI T- st r uctemnieend ygiprcsubsiatpariedexample for BERL 2 stofen cell rsefuahteowsthar?Eaastreu:ture
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Nakashi meRicher, Babermled angak &Y. £ lurendigh-efftiensy antrpe ‘stcghs@drf ¢eds evidyfrifitEide
sol gy celd, g efftidd (500 FLiaC j 1 j

24t h Euro 0(g,aneP ot ovlo |t aﬁegdlg%ﬁ g{ t%n%@géﬁeggq‘neF%ﬁ%@lt?ﬁae%ggﬁp%?erg CM}&EHCB
Ger many) ,(Hamdarg, Aermdng).r2P. ofhia sEuTueg|verichcelldws a rear contacting to yield high

effectiveness, requires for its production, in addition to the supplementary diffusion to yield the



10 a hetero-junction is formed by a |layer structure being applied to
the rear of the silicon sem conductor substrate, conprising a thin
intrinsic |ayer conprising anorphous silicon, a thin doped |ayer of
anor phous silicon, and a transparent, conductive oxide. The | ayer of
intrinsic anorphous silicon ensures azhlghly ef ficient passivation of
the rear and thus | ow reconbination veI00|t|es for the mnority
charge C@xfgfﬂd%?ﬁ "%V%Bmes'ag&lh&?ameﬁﬁﬁb erhtoQ} hic@%Rhs MGt 48 adOindustrial
suf ficient hi'n to allow a charge carrier traveling via t unnel
process egnmfﬁm@ltﬂ%@ f dpeeplaragler strustie ésdiot pacecableweaideaspydry posgintensive.
anor phous silicon. This leads to the requirenment for the |ayer

t hi ckness and t he quallty of the anorphous silicon |ayers to be very
hi gh, paf@30&Ll ar Ayolpegsl saneiaretrith lpyeaesosibii i v ¢lpgtiestaé theppari conldibe realized
progess @f th@qﬂ’r@m&ﬁmwmchr @(gagad@d &9 tam}zhmé@ﬁctm' 51!%%% aeage@lrﬁqstrlal

the material quality fectiveness can be achieved with

Hi
sol ar cefTPlgBpREHHD- oﬁl“i/ Pﬁ? -SeRtwesie dergiver dguif ekt 2% Re awdskr @@Eﬂcm

[ 0005] Thesinauan,i 'Wﬁn&@ TSh'?Jneaf 9 RaRARGH, @ BANEC HORLEE, I8 H MAPL € Bh-
nmethod for a | ocal hi g gaand contactlng of a sem conduct or

st r uct ur EHCERTYIHT 81D F?lé@s P pmg gilicompalel hingRrgeesdingopf the b Arropean

cell and pﬁotswdlﬂaf‘e@masﬁﬁ@rgpmame (BaRELE A emedy) 2 oBas £t t@l@péapgfémesolaﬂa@:
25 net hod shal || provi de | acal _hi gh-dopi ng and cont acti ng of

serf condadtetRrodnctin & éomk%.bé'ha AVeDRE UEHE Being GBPli‘eéntoo¥hea”e§6I°5rthec gififon

wi th hi ghemgitdmRGttor QIeEStedehpEiding b Whih ARFinf€Ial dHb BFREH S dmbibhdus silicon, a thin
techni cal |l y inexpensive fashion congared to nmethods of prior art and

thus in AWPHwsE Of PRPTRSREHEIQRP G ranspRrert icqrdugtivespi 4o 0BT Thes of intrinsic

obj ect i vembiphaiid slid8 Endufestn HIEHY Ol cid@GREG ign bOthE k&bir Ahd muéwbvafbtca@mst&n

enbodlnen s . of %h met hod are disclosed in clains 2 through 15.

[ 0007] Th& ?fé?% I 4Be SPEPHY (B En TR e nHP B G eTiuLaTeg Sy IS | lBves Wt be

hi gh- dopmfgmamg} thmndoallb vy chafgeacaBedn temnlmgctn@rturﬁier P ess &5, 1nEcﬁﬂ1fé&1$)§Ett lapgr
ecursor of a.sol ar. The s nlconduc

a sol ar I r

at r ot ur BoitBier BBV R ier Slog AmeBnbes Mbis JrsI B S Hed SOF S sk the layer

dopi ng t ;l’mB:nesD@Ed fg: cwp@ﬁ;f &fe@rﬂr?e%}&m's i coir 16hpd mgaetvﬁnaugf phxhﬁulprlyzleq@m@g
type oppgsite.thereto., The t hod 5ac in t he i

1264 7o B sk Gieiotc Pl e UG P SEB S o e s B R S s

base. [ O888{hEmetériaylualopi High afietticantachibeg ctecdnaittbthiscozatelngnsgi eniglif

hi gp- dopyag, I%éher‘aé%il,!l?gménQS are ensured.

[0005] The invention is therefore based on the objective to provide a method for a local
high-doping and contacting of a semiconductor structure, which comprises a solar cell or a
precursor of a solar cell and a silicon semiconductor substrate of a base doping type. The
25 method shall provide a local high-doping and contacting of the semiconductor structure, which
allows the production of a solar cell with high effectiveness and can further be implemented in a
technically inexpensive fashion compared to methods of prior art and thus in an industrial scope

and cost-effectively.

30 [0006] This objective is attained in a method according to claim 1. Advantageous

embodiments of the method are disclosed in claims 2 through 15.



base doping type in the sem conductor substrate at a contacting side
of the sem conductor 10 substrate and applying a netallic contacting

| ayer on the contacting side or, if applicable, one or nore
internedi ate | ayers covering the contagting side partially or

entirely such that electrically conductive connections are forned
between the netallic contacting |ayer and the sem conductor substrate
at the hi gyod fp' NhAhRaSd abedrAR@Ab! dhe 1§ve%§§1?@grlv§4 idrn@k 1ba8y TR ing and
according to the invention conprises the | ow ng proce55|ng st eps
[0010] | n &0nERRSET Frnisandpctay Stawwmraﬁrtem@mgad@lamelitqﬁ@ RSeqvr O 0 eeleT cell.
subst r at eThSseRQUAHERSH HAVRK AGnrR8s 4 AN@h sShicbfdudfo? subkhiGe Y BEse doping type.
structure_conprises a doping_|ayer, which includes a 20 doping

subst ancePoRing H@Eba@éﬂ%mengdw@ﬁtypwé heopyHering Bperrppesite dherel@. dbeanethod
| ayes CO”ﬁchn%hﬂﬁgto%HPfrﬂQ%b% ¢ah bk GOl RF s@gr @euk NG boBP RN -840 RVRIPRAMS -
silicon carbide with a carbon content of |ess than 10 at om percent
(at9) . ThePedda3e con is an essenti al conponent of the anorphous

doping layer as well as the dopi ng substance of the base doping type
and perhaps carbon. 25[0011] The statenents of the atom percent always
relate heE)Q 0Zhd i Theth@! OISR Sntagine ASFHTBBY Frisatiltgeseyqral gh-deping areas of the

r ef er encepat WhHgARRS int the (sARAABL AR subby:at al hi RRESid G080 of BRCAHI®nlNGor
preci se aaﬁnlc density of the precipitated |ayers i s unknown.

[ 0012] TheSUPaYRIE 28¢ ?Rf&lf‘l!# %mﬁﬁﬂltcwemaef&%ﬂweg a1 the copippiingsideer) ihgrplicabg, gne or

reflecti vaoteaf@imbdatd geRQdI@thsSHE fontdtBhg bille farBbIB) drSen@rdl §ifch ACk bRBrically
index nil | qwer than the dlffractlon i ndex nus of the sem conduct or

subst r at e“FEUSIVRAAEEEINGE ATefaTeRe beryen Seromelalie 60@?@03 Kyter ang the semiconductor

[ 0013] St adulbktigre at thk hghGophaatens)g Si de of the sem conductor substrate
the doping layer follows in the | ayer sequence before the reflective
| ayer. [0014]1In a processing step B a local heating of the |ayer

st ruct ur e[0aong] t hd: susskencial ®bt thiaenethodsaIh@MENY GhOMmventst Jodipeisésahat@@wing
t hereunder occurs at several zones to form/local high-doping areas.

The | ocal PRERIP®RYWecurs such that at the zones of the local heating

| ocally respectively one nolten m xture develops conprising at |east

ser condde? bl sunle kel Frt eshtatiestiiar Pulprisa sl SRutrmy® Brpguced
curing progess b lijee stmodtten 'mexliyer etracthnregdmarqugemag degird lagey elhafSndlides a
t he2(§ em C@orﬁgntécs:[ star?cueb§tt ealt)ase %opmg%ype The doping layer is formed as a layer comprising
amorphous silicon or as a layer comprising amorphous silicon carbide with a carbon content of
less than 10 atom percent (at%). Thus, silicon is an essential component of the amorphous

doping layer as well as the doping substance of the base doping type and perhaps carbon.

25 [0011] The statements of the atom percent always relate here and in the following, as
common in the field, to a reference atomic density (100at%) of crystalline silicon, because the

precise atomic density of the precipitated layers is unknown.

[0012] The layer structure further comprises a reflective layer. The reflective layer is
30 embodied such that it exhibits a diffraction index ng lower than the diffraction index nys of the

semiconductor substrate at a wavelength range from 800 nm to 1200 nm.



10contacting site, higher doped than the base doping of the

sem conductor substrate, at |east by the dopi ng substance of the
doping layer. [0015]In a processing step Ca netallic contacting

| ayer is applied to form an electrlcaujy conductive connection
bet ween the sem conductor substrate and the contacting |ayer at the
15hi gh-dopi ng areas. [0016] The | ocal high-doping produced by the

met hod aggqrgli ng t.ta&mgha% hOVERLLAR Fof (e EORLARIARGBRBIETA Bo SR yer
t he advant ages t e app I Cation o ayer structure
contactlﬁ§b§$déhaﬁygﬁéﬁwmﬁ%b%@@@Nﬂﬁﬂﬂ@ﬁebfmthe contacting side of the
sem conductor substrate 90 occurs and thus a reduction of the
surface reconbi nation velocity is already yielded at the contactin

si de. Ful@Héf nor B 2 pipceshiag sispdl 2 tnstlthieptns @y@hgym%wﬂm’hﬁ%@wﬂrf@%@ the

doping | @Mﬁl’&@nd@lcﬂop%strgiegbca%pch%uﬁﬁertobé%rssgtr@e@éfg%ﬁgsofo @Hpﬁ;cﬁﬁ?@] doping

occurs at several ar eas, wt h the electric contacti ng occurs
el ect ri cal®y Weisadieping ecan seditbaiat Hherorss af hakcpideaiing lecalprrsatstiveigone

| ayer anqqoﬁtb@m%@ﬁﬁeca@mtgﬁtc%pﬁy &tn@afsfemaﬁo;slhglamrgﬂt&qaka%u&&e@ﬁ@%artlaz
such that a further reduction o he overal|l reconbi nation at

cont act i Atf2Sf &e S%lcmuma@lbﬁﬁ@eawﬁ awtafééﬁﬁ a%wrwghfr woiing apdcaring Pltoﬁfés of
contacti g flotten Qﬁﬁt‘ﬁf‘@ a tﬂi%h-@@ﬁﬁﬁ iPed qeh®e. inAddl tdnffRllidtor 5B trate at the

advant age devel ops t hat e cooperation of the reflective |ayer and
t hé® et aFPtRctiag ﬁ&t%léfahﬁ!gdtrrl&%haw adaserdoping of Ag eerdendpden %Jéﬁtirf&ﬁ aéﬂeaﬁwy

contacti &g,:@Eﬂgsu@tank@@&ﬁea@,;r{gh@ewavel engt h range between 800 nm and
1200 nm such that particularly in this wavel ength range

el ectromagnetic radiation is reflected back into 30t he sem conduct or

substrat gooasf t hinsa pvayessidgisteb @namkisliichenthigptlaper & ﬂ_)paéd th@rii @h@leceRhlly
and thus the effectlven%ss is further .increased. %0017 The net hod
a

accor di n§PGTHSOPRFERT PERVeRT thsh emipngys ik SutSHateANaHE SHEactngdeyen Gt the
phato- | i hizpgopppheast eps are necessary and industrially inplenmented
nmet hods of prior art can be used for perform ng the method accordi ng
to the invention. [0018] The application of the above-nentioned | ayers
may occufoeaeypr ehmsta\yaigy deping padduped by el radthyd neoioitoehd moditoR and the

TR BB Ra RalSRSA e R IEL 8] Fop RSS! BLblyRhshlore ot
parti cul asdtactiGyBide @lnmncnai péé&pﬁon[ﬁpﬁ@lcbnt@ﬂ’wlg ssdecdt the sBEGM[du(:ﬂBl‘ asiarate
Eggggf??oﬁhles%ngaéhgss a gtriuce?)%()g%p:tee gun ace rre b?&u?ﬁ éfFl?én C% aIreatE) ?rlelrgl:led at the
devi ces eandacpngeigs.s Furthermore, by the local meitmg, among other thmgs of the doping layer, a
local high-doping of the semiconductor substrate occurs at several areas, with the electric

contacting occurs by electrically conductive connections between the metallic contacting layer

and the semiconductor substrate at the high-contacting areas such that a further reduction of

25 the overall recombination at the contacting side as well as the overall contacting resistance at
the contacting side occurs, as described above. Additionally, the advantage develops that the
cooperation of the reflective layer and the metallic contacting layer leads to an increased

reflection at the contacting side, at least in the wavelength range between 800 nm and 1200 nm,

such that particularly in this wavelength range electromagnetic radiation is reflected back into

30 the semiconductor substrate and this way additionally the light yield of the solar cell and thus

the effectiveness is further increased.



10paraneters for industrial inplenentation already exist [0019]In

particular, the local heating of the |layer structure provides a

cost-effective and easily inplenented industrial processing step to

produce | ocal high-doping. 15[0020]1t i.s already known to produce

| ocal contacting by way of | ocal heatlﬁg using lasers. Such a nethod

is described, for exanple, in DE 100 46 170 Al and in E.

Schnei der (@ghNer , TIR mBiBH-acrdih 1S B RDen:RAG Fa h
"Laser - f|¥ed Fear coﬁtaotscfgf %rystaP P%e syﬁth%nsoﬁgr cev?ntagnes that no
Progress PhptrfBrogieehic staps areressessriytang ied uspsilly @aplﬁ@n@ted wasthodg Of pyigy, arpgan

- 34, 200g, us@ﬂ@or%ermel% ﬂ'l@%netﬂ-:ad a%&ﬂﬂ‘ﬁh%e&lle bagr. D !Cray, A Gohe,

H Kampwerth, R Preu, e e, "Laser-fired 20 contact sol ar

cells on p- and n-type substrates in Proceedings of the 19th

Eur opean phgtpvol fial a%p%ltlaﬁ oEﬁ@ragb’veQQE}ft%ﬁ&pﬁ?er(s El%' oveur c'bﬁHBFe@:LmsnFéBr so that

408 - 411, 2004. The describ here can used for

product i oPRTSFulRdERY casf @flff‘«cabﬁbinﬁﬁmﬁfé%@ e NagEsapH: o“@étélgfrwge stbéBETBl‘adfontOtﬁéle
met hod acok i@ tbdifRrd E}Vﬁgﬁlb@bf p§19r Hﬂ@?e ﬂ?ﬁfl@le ﬂa?@cula@ﬁ/t@lﬂll (tﬁé]ﬁlgal Vapor

industrially applied nethods can | ized. Contrary ft
above- menPfROFEAN Bt RGASEE G (ﬁlﬁ@apﬁﬂaa%r@@ Chemiet! Waa@rd?ep@aﬁt)ra)clr|bﬁ@VD|(Pﬁwswal

the 25 neyiped [ﬁﬁ@s@t’i&'lp RGcH & foh@xiMED 'vGH} (ﬁ"%‘ﬁgtt&% ﬁﬁt'vlr}ﬁﬁh d85Ss AR process
occur by way of |ocal heating, thoug e processing step B only

t he'? ocal PHAGRECEIBH 1H6“%t%31é‘?1%18¥‘§’€f35"}/" 43'6’653[ $stgenerating a nol ten
m xture fromthe | ayer of the |layered structure and a partial area of
the sem conduct or  substrate. 30[0021] Subsequently in a processing

step C t h@¢dnt adrimAEGlEUPS laspidieating el e &ver aibrsjugRspvidase @ateffestive and

surface t&sily@ipdohdntedifiisatd bRGedsaigerepits pdRRtd 1661 BBk -Qopihe | ayer
structure, wth here the electrically conductive connection forns at

the hi gh-dopi ng areas between the sem conductor substrate and the

contact i npokelyer .1t isGlefBAAbARGD bﬂfdufﬁdm'&@rﬁﬁbtmﬁ bﬁr k),@y @V]@Eaﬁ'hlaatlng using lasers.
pref er

recomnbi n n at.the con Si i
rboat monticB DHRo SN PALAEF ARG 61 DRAOF HOapidrSUle . St droe hes R
processi ngre6,tRepidknidng, dnd)sew. emmucmaséxeﬁraddédric@ma&th fbr@%ﬁﬂiln&%ﬁlc&ﬂsolar cells,”
anor phous aSSIV |on Wi t h ilicon nt ent
215 he BBERUHEhEROPE ekt et Rirt e gk FEParat S imer el thuns,
dopi ng t ypeSchiieidarldyhiien B Kragl A. girbhey H. oanpore®nRr Htfelx,OdithG Wekge, t"Dadar-fired
1x1019 cm 3 of S n Furth rnDr assi yatio
Fayer i n SRER s P g e B SRR b s BaR ordns F B n Ry otate
side t harﬁddr@neicgpﬂmg‘eﬂeap@(ﬁ’anpi*‘m'ne@a;m ¥0& hel passi. Tae hﬂﬂlol:ialyﬁhbbdshere can be
applied i / or e n5|vel he contactin ide of
t he SGW\S%%%S%IOF 50 %%P%Péﬁmggﬁfggﬂ@f%ﬁf§5%% B”EgPPEdﬂﬂhg‘gtge“wﬂmd
ef fi ci entacpagsgvatthomveftionhs denhaet uon,gessabdmearinidusmmyaapplgrdt methbdsr dayi be
Plhghcg:,]teg%:[h.zgd %aé'ary%o %‘Te atbm?e rsngrrlrtllo%%g %'1[ %s for"gl'l?esygrroauc%oh%f %!:a? lcgn%gctf%%, in the
25 method according to the invention said contacting does not occur by way of local heating,
though. In the processing step B only the local high-doping is created by locally generating a
molten mixture from the layer of the layered structure and a partial area of the semiconductor

substrate.

30 [0021] Subsequently in a processing step C the contacting occurs such that preferably over
the entire surface the metallic contacting layer is applied onto the layer structure, with here the
electrically conductive connection forms at the high-doping areas between the semiconductor

substrate and the contacting layer.



so that another increase in efficiency is yielded. In this preferred
enbodi nent essentially the | ow surface reconbination velocity is
ensured at the contacting side of the sem conductor 15 substrate by
the isolation |ayer, the production of the I|ocal high-doping areas is
al l owed by the doping layer in the pré%e53|ng step B, and the optic
quality of the contacting side is increased by the reflective |ayer
particularly in the wavel ength range between 800 nm and 1200 nm
[0024]Another advant age of the nmethod according to the invention is
the fact (80781 al Another nedycsion obihpovesall resombiaatignot desionigcidngsidens walded in a
remai n on-dfSeSOhMIR&l bt @B thet¥SiclotkdihSrd At iMdEARBISAIYehEQR tﬂer}ﬁgaegs‘?n?ﬁep
renoved again in technically expensive processing step and perha

causi ng @othedmicnateHrordditignally cepiisesag uprplus JupiiEsian deepwith a sticon
substrat %ent@ﬂ'cﬁaﬁ’@:}ét @@Qt%; OfeSaQlivatiBR1apEQHYEdds 3D d@h@%@te@ﬁ%fﬁi‘xﬁﬁa@@ﬁopmg
reduced and sinultaneously error sources are avoi ded, whi

conpr oni $Eet He ™Y ikt P@Eéa%b/s loyr cangentegagionrof dess| thap g xf¢id zay° E?(fpié‘lc\gr?eﬁ‘f%ng
of the applstmRAFLRAMESHM) &E&a&@hg&% &gewet eéhub@aéqg pEANRE tBs@ to the
t hi ckness preferably from5 nmto 1 pref erabl Y from30 nmto 50
nm Thi s “ORECIRA sEpthan LadPpins fayeryi %F@@&%@ﬁ Wessiyatipr lay g pPRigd dpmediately
processi Bgd fok BEnireh@RREY oh AR doAKEEngSideWE tHdlsBmicoRddche seigaand, and

t he passivation effect on the other hand. 30 [0026] I n particul ar the
pasSivation_|ayer is preferably enbodied as a siljcon carbide |aye
(Sic), preférabls dgus rﬂjlrfaw%%‘%fﬁﬂwo%ﬁﬂ‘éﬁﬂea T dhe CBrEEs fn g Tys 3
at % Thi pam@iady Migh Ele&@i@dueﬂﬁfﬁ &1l tM@édnQ b @i EtecdubbiBaty isGlidl@d. at thé contactmg side,
[0027]Furtgprnore eriments of tQﬁ%?kﬁblcant have shown that the

dopi ng | & 5?%?%&!5 FyPedRRItGIeRY g vt s prefrmedeneringny gepiglly the

Er ef er ablgw kirgie %cdﬁﬁnﬁdﬂloﬁ\%ﬁﬁﬂity Thessutedoad Iﬁadflénfa@ﬁl@h_s@@bf meZ.aetmléz:lmauctor
et vveen t he ect en pr ucli n C | opl

and’a | othﬁFFBE?gjé'stﬁﬁGOHH?’hPV%‘nthFé’F °4d %%%&h%ﬁ“ﬁlgﬁﬁbqopf r?"’éﬁ%‘g%wed Y the

st ruct ur dopil Rj@tiakeyprodeesittopegl, abl eeasptic qiglity SftBe eonGRphHYdeBERTéa8bd by

ina Con%he r}‘teﬁec%{rglgye?)égr ﬁ:ﬁfaﬂ? inI t)lgle %’vg\ge(?encgmr%hge between 800 nm and 1200 nm.

[0024] Another advantage of the method according to the invention is the fact that all
20 layers applied in the processing step A may remain on the solar cell and thus it is not necessary
for them to be removed again in technically expensive processing step and perhaps causing
contamination or faulty sections in the semiconductor substrate. This way the costs of the
production method are further reduced and simultaneously error sources are avoided, which

might compromise the effectiveness of the solar cell,

25
[0025] Experiments of the applicant have shown that the passivation layer exhibits a
thickness preferably from 5 nm to 100 nm, preferably from 30 nm to 50 nm. This way an
optimization is yielded between the required overall processing time to apply the layer
structure, on the one hand, and the passivation effect, on the other hand.

30

[0026] In particular the passivation layer is preferably embodied as a silicon carbide layer
(SiCy), preferably showing a carbon dioxide content of less than 10 at%. This way a very good

passivation effect is yielded.



[ 0028] The primary function of the doping layer is to provide the
dopi ng substance for doping the high-doping areas. For the doping
process it is advantageous that during the nelting process a
liquid-liquid diffusion occurs between_.the nolten partial areas of
the doping layer and 10 the sem condudt or substrate because this way
a particularly quick and efficient doping of the nolten partial areas

of the sepowpducmfheﬁﬂa%te %ngﬁ&ugmhe@gphk It Sh P RGNS thA2H Lc?di)hr@;ia%r

a low nelting point of the doping |layer i's advantageous, pre
t he dopi nBrefeagidy exbythis sithisknapsr o i hamep §0Q wre, (rsfarably frask 89 i tpoP nmn. Ekis too
the sem CQQ&Q{G%Qropﬁhﬁ%&ér%&weé’r%@ggﬁhggﬁecgﬂgér{ fJI‘BBLg;QIfng ﬁ@ﬁ&glrhlékpdéphﬁg areas

dopi ng | ayer increases the nelting point Accord
advant agediis? four Pfa?ﬁﬁﬁlég'ﬂh‘@“@%@flthﬁal‘oduﬁloqlﬁf @edlaqugvgmrq Hé&ferﬂwe the doping

dopi g Iawérc@eﬁehgsta%ﬁﬁg%@Eeb@nngqeﬁc%ﬂ&a&n@péea haygee dlat hout any
carbon shows the di sadvantage, though, to be |nsFab | e when heated to

apprOX|nater 400 C. Processing steps with such tenperatures are

frequentlgooy opd heepaadlikRlioh b dAPRIGA)GNs O phiRicCARLAFHE Nhd:ALE Tor

in order qg;ove the 20contact features (so-called "tenperin
step"). Bigbilaping 2iea® F9p Biedigringpercesihis Biitagtagpaisdhasduripg fhgvpelting

carbon CO;BFO@&E‘ a BQuit M@hid ks RE occurs PR ARG moﬁt@@ p%hidr@:& olPﬂieQﬁ)pﬂ% léy@leand
dopi ng layer is increased only sllghtl and thus, as described above,

a | 1ui d- chﬁfpt&%ﬁlﬁ%ssp%war%bt’éawrt Wbl RATFEH A hedsand Etf%e‘ft!éiﬁplﬁé of the

layer is m@sdniaaidl abds SOME ddrhiehdh ot b strate Rt Citbl A3k YuripBsel ﬁﬂ@@ﬂérﬂﬂa low
steps. [0031] The doping |ayer is therefore preferably enbodi ed

silicon cRPBNMEINLyr hEHRENEIFHE carbEREEYSh Pfﬁ?fﬂ’l&u‘lhar‘i%ﬁ’”tghﬁy%ra?ﬁ@ﬁts

content rapghgatelyoRd Qanb ¥ndion dfbigta¥ahe sempahdu cedHlsalsuptef erably from 2
at%to 10 at% 30 [0032] The reflective layer is preferably enbodied

as an anor phous, silicon conprising |layer, such as for exanple
silixon opDEE or Wielaid@i®bn Bf daFh ddeo thTJuo'@;ﬂga@et hﬁrs’édéé&ﬁlé @gmng ba{ht iedtrdigly

I r n r Wi | |t|on
eﬁ%gdl (r:rgn]{: be?cptaﬁ%lélercoglgl (gc% {FzgnrgrpgtLg 152:11?1 iqgldog}[fus: that the 0p11¥g Iayer exhibits no

carbon content. A doping layer without any carbon shows the disadvantage, though, to be
instable when heated to approximately 400 °C. Processing steps with such temperatures are
frequently used however after the application of the contacting layer in order to improve the

20 contact features {so-called “tempering step”).

[0030] Preferably the doping layer exhibits therefore a low carbon content so that, on the
one hand, the melting point of the doping layer is increased only slightly and thus, as described
above, a liquid-liquid diffusion is ensured and simultaneously the doping layer is resistant to

25 heating to 400 °C, particularly in tempering steps.

[0031] The doping layer is therefore preferably embodied as a silicon carbide layer
containing carbon, with particularly the carbon content ranging from 0 at% to 10 at%, in
particular preferably from 2 at% to 10 at%.

30
[0032] The reflective layer is preferably embodied as an amorphous, silicon comprising
layer, such as for example silicon oxide or silicon nitride. This has the advantage that such a

layer can be produced with simple technology. Additionally the embodiment of the reflective



| ayer as an al um num oxi de | ayer or a titaniumdioxide |ayer or a
magnesi um fl uoride layer is included in the scope of the invention.

[ 0033] Furt hernore, experinments of the applicant have shown that the
reflective layer 5 preferably exhibigﬁ_a t hi ckness from50 nmto 300
nm preferably from100 nmto 300 nm “This | eads to an optim zation
by increasing the optic quality, on the one hand, and a reduction of

t he over r B ac ' ; | ; ' I ; ;
the of her"Fand Bdi%%{%ﬁ% e P R QR U i LG 821
pr ef er abliffligiabdhesropsoighainyenéien- carbi de | ayer. 10 Preferably the
reflective | ayer exhibits a carbon content of nore than 40 at%
particularlg more than 50 at% The carbon content of the reflective

| ayer is[@¥3&sseRithermpes srperisents efhthe agalicast hayer hewp eyl thi ygflective layer
di f&ract pAfedhRigexhitits £ BRIA&S F8/IIoMEn [PH0mm, BYerd By ARAV 50BN td D086, This
advant ageous carbon content a diffraction_index o? less than 2.5 is

yi el ded 1534% WenfRUEZEHeR By ingisgeng theprHooualiy oo thexme hang, aada fesaetion of the
| over di fof/erram:%ﬂo@&sﬂn@Q@étim&wm@ﬁr@_@@hm@p&q {tmtdhandbdhbrd@hi on i ndex
of 15(carbon-free) silicon in this mavelenggh range and the increase
of the optic quality is ensured at the contacting side of the

sem condymiza] SubsSparadar thOP3RldvaiRF apr¥ferdly bBBStied 4% 4 BBV QNG

ranﬁe from 800 nm and 1200 nné‘the reflective |ayer exhibits
a dPf f r aCESIERPY MfaRIGrRY @ leY fregbibits a parbomcontfpt gopere thahthatity P@F.tléqllar If mare
above- , gRB0thignedt @ffohCostudd df iNe-ref RBAEhYd? i@ Eentifl pakfhdeditOREAAR
electric particularly with regards to the surface

uality, L . d
r ecombi ngt%i r(?hu“i}‘é Bléffaccyo%f“d%é’ygt?nrteﬁ‘éftt‘l"ﬁéayﬁ'-dEV e 3hexe-gRfiRA qdanspeeous
subst r at esrbpr efneendbldyfirpetiodrinde® of es MO CSSIS i RBles i fheAvaRelch @RMAMRE filoth 800

performed at | east at the contacting side o he sem condyctor,
DS ubst r g0 466 R D uitriore & Bar SRttt bt Romg ok Fye A1 chign indes of
anamal i egagioa-freelEiliea. in tis parddngtl Bhgareid-thdmbrea & of ¢hecdptic galitH is ensured at

suitable, here..[0037]lPreferably, in the nethod according to the
inventioﬂméPWBﬁH%éwgo Wgsﬁpﬁﬂﬁééﬁrﬁﬂmgﬁﬁ'processing step A via

| ow-t enperature nethods at tenperatures of |less than 300 C. This way,
30 the accordi,n t he invention can also be used fo ol ar
col| "ot r MEREF oo ERIRERE S dedsbn B SPhoietf g FPmcRig RE B 1D HR e
sem condedledivedaybséxhitite adiffragionéndeh @y efdess deini 20f0ansli e tHaarl te yahjpheabove-

Prgcessi bove the Iimt tenperature nentioned nay danage
hefgrostE%E?%%géP&%ﬂgﬁgpplication of the above-nentioned |ayers to

produce the | ayer systemin the
[0036] In order to yield an optimal electric quality, parficularly with regards to the surface
recombination velocity at the contacting side of the semiconductor substrate, preferably prior to
the processing step A a cleaning is performed at least at the contacting side of the semiconductor
25 substrate so that potential contaminants or minor crystalline anomalies are removed. In

particular wet-chemical cleaning is suitable, here.

[0037] Preferably, in the method according to the invention all layers are produced in one
processing step A via low-temperature methods at temperatures of less than 300 °C. This way,
30 the method according to the invention can also be used for solar cell structures comprising
hetero-structures on the side of the semiconductor substrate opposite the contacting side, for
example. Processing steps above the limit temperature mentioned may damage hetero-

structures. The application of the above-mentioned layers to produce the layer system in the



9 processing step Ais possible with the above-nentioned net hods,
particularly via PECVD at tenperatures of |ess than the
above-nentioned [imt tenperature. The nethod according to the
invention is therefore particularly subtable for producing

hi gh-efficient silicon solar cells, whi'ch show a so-called
hetero-emtter, i.e. an emtter fornmed by applying a doping | ayer,

whi ch 5ex opi t

O OB APR L R RRROS ! B BAREn AR AO vg pecyD o
used in stsmperaeiep 0@@&sabamhésb@h@wnﬁgn@riémbtemmraéur@nﬁ& wedodreserditedd the
by way of j,giffosi %réf&etpgﬁlc%mz caRduch ﬁroﬁh‘&ﬁé high- @fﬁcl%{?t Jn@c%?f 1dh&1s, which
production of the |ayer structure in t e processSing step A occurs

pr ef er abl §howgy 2 PRCHT: b@é@tﬁéféttﬁeﬂ & dxemitiangfofraest by @pRiging gr demieg layer, which
|ndU§tr|agmH§§a@Bﬁn§ £§5Bﬁgmpngg§§k$gwﬁ?&pneters for creating these

| ayers can be utilize referably here the generation of the doping

| ayer or other |ayers conprising the doping substance occurs by

addi ng a fopsNg JaRGHaINnd H)@th%éQE&?B;H%E@EHeQHveQEQﬁ:@aﬁ?alsd Be Q?erdtih%Hllaf”‘Eell
preferably by adding phosphi ne gas | ocal heating in

processi nYrETEps BOYERLITY PriaerercaBites lﬁ?“‘ﬁaqeé@érwaamﬁ difgisign dn é‘?eaf’xﬁwcond“cmf
enbodi ed gaktigul arly according to DE 100 46 170 Al and E
Schnei derl ochner, R Preu, R Lfidemann, and S. W d unz,

"Las®r-fired rear contacts for crystalline silicon solar cells," 20
Progress gJIOB #hot OMﬁlﬁréd&ﬁen a&%@%@mstﬁﬂglr@ﬂpﬂhb%%cb%ﬂ%stéf)OA occgtf% rQﬂarab%rgoy
- 34, 2002 and S. E. Schnei der| ochner, (E

H  KanpwePR4YP: Fscaweél@re %.‘ﬁ&“@;.facwlﬁ fekhe inqugiyiad uge; afnéémé'a)rrﬁ lae%esgﬁg a%fameters

cell's on @randtify theRQapdedn Rt @fized. | FreRIMGERG MYSy@bratibe oAt rE!oplng layer or
Eur opean Phot ovol tai c Sol ar Ene%%ySCbnference Pari s, France),

408- 411, “BY0RYerSSIOTREIISr BF SORBIEYSUPHBNHeBIHFgDY REALIPE 2 JOoRING §r% éarmg the

| asey, begatipRatiofipsocsay ingldFiduli eRtferhBIRbY @@lﬁgﬁpnﬁbﬁhﬁb dabe rol ten

m xture can be achi eved. The wavel ength of t | aser is preferably

bel ow 1200 nm because at greater wavel engths the absorption into

silicon rpdugies crmsbeemaiting antherofibihg BEPWO BLErOGEdMrablp Uy Alashesid is

an abl at|i ;gjrgfe(r)arbh; Qrgbocﬁé/de;gasfﬁcularly according to DE 100 46 170 Al and E. Schneiderléchner, R.
Preu, R. Lildemann, and S. W. Glunz, “Laser-fired rear contacts for crystalline silicon solar cells,”

20 Progress in Photovoltaics: Research and applications, vol. 10, pp. 29 - 34, 2002 and S. W. Glunz,

E. Schneiderléchner, D. Kray, A. Grohe, H. Kampwerth, R. Preu, and G. Willeke, “Laser-fired
contact solar cells on p-and n-type substrates,” in Proceedings of the 19% European Photovoltaic

Solar Energy Conference (Paris, France), pp. 408 - 411, 2004.

25 [0041] Preferably the heating occurs by a pulsed laser, because this way sufficient heating
to yield the molten mixture can be achieved. The wavelength of the laser is preferably below
1200 nm, because at greater wavelengths the absorption into silicon reduces considerably and

no melting would occur, but at best an ablation of the layers.

30 [0042] in particular the application of a laser is advantageous, which is deflected via a
mirror system successively to different points of the contacting side in order to create the high-
doping areas. Here, existing devices with Piezo-deflection mirrors can be used, so that within a

short processing period a multitude of high-doping areas can be produced at the contacting side.



30[0042]In particular the application of a |aser is advantageous,
which is deflected via a mrror system successively to different
points of the contacting side in order to create the high-doping
areas. Here, existing devices with Piﬁ o-deflection mrrors can be
used, so that within a short processi é period a nultitude of

hi gh- dopi ng areas can be produced at the contacting side. 10

[ 0043] The net hod according to the invention can be applied, in
principle, at the front and/or the rear of a solar cell and/or a
precur sof0MB] a s@h%ﬂW§@ﬁwcam%@lt@ﬁ@3H@ﬁﬁﬁmtmslapﬁWHGHimpﬁnﬁ§EIﬂdheﬁ@ht
a sol ar Qﬁt!l orm@eﬁfﬁlsbhpcéila%ﬁfor asprétglpioﬁ'%ﬁ ﬁ‘ ell. h\ﬂfheﬂ {he%\fﬁfdsisﬁ 1ed at
front only east opi ng ar eas,

at the sé@tﬁB ef awmlar@@%we@ietﬁyc eher inerpdikd iﬂts?h It%atetrcoweétErfmmﬁgmfﬁpm@aliy, at
r ad|5 atl of..cap peN %ﬁ aBﬁné '%é%st Q)e tinE rE't CCQQQH&FO% o Q&;eli@f @y tﬂ-pefnetalllc layer
application of the net according to the invention is particularly
advant agéagomteneheradidion gfn penegpker intoelhe seiRigpruckpr Frlstiates orhegipplication of
sol ar celle mbifoRaFdotdib & the iMRnQM lscpagtlr@ka‘rfy%d%ntgé%%uégoﬁﬁ@ ré@rbtf'a%'aﬁg cell
wavel ength range is esSential at the rear, because in this wavel ength
range si PRE/OR 2eRBFBFRrsof] %Wlarlt'f—'“ab@oﬁaﬁl‘i”é% Benpraic ety Qfl the@pove-mentioned
senm Cond%tzé]&@%h Afge Es@d%nﬂal‘%@.'ﬂ?ﬁ' 138F, 8BdaBsPRThi %v@gng@ﬂ RirbE QURANGhibGs low
radiation in this wavel ength range can pass through the sem conduct or
suB8t r at érsefRfionn femaged nky ehirest éﬁmtcr%d E%F ahnd a'l'a"l%r bt tioaﬁfderahl%@ortlon of

achi eved cRyiréhgme el k&BidANiIOthit R ERAIRLARE kih $8éduiteysl 8RItdhiFRRG&0r
by the cooperation of the reflectlve ayer and the netallic |ayer.

[ 0044] Pr 84R8ialsiapd s agdpirgase okihaeverall ehsernsion can bachiesed bysthgsefleptinn ofghe

away fromdidi@niik rsﬁd|v%b@ﬁ%t@fra@%%ttﬁ@ﬁ&$@ﬁhbﬁ of 8l Rhb@Re GYEl A thBenetallic
operation of the solar cell. [0045] The net hod according to the
i nventi off¥8an generally be used both for solar cells 20 with n-base
dopsng as well as solar cells with p-base doping. In particular,
silicon sgl a t h, n- base dopi.ng show a great potential in
Cndust ri K04 [odu%’ie?%#!y The Cﬂmﬁﬁpﬂg‘g F TheSBlareo Ri BFeF o5 ifen et away rom the
advant agﬁﬁacﬁ.ﬂfdﬁﬁ@fﬁéctidmafghﬁkcﬁadi@ﬂitﬁﬂi@inlgitm'pehﬂtibh of REadlslsen0 materi al
features: It exhibits no degradation effect connected to the
formati on of dopi ng-oxygen conpl exes. The |ife expectancy of the
m nority] (ﬂh&] ge Thd meebs atﬁ)rdlhgtceﬁ"@nmdﬁtlgﬁlein mfehﬂly vetuded both for solar cells

tlng S|I|con as roch Lcon

" op R R e Ao Rt s R b Bree RGE BrrontcuBpalieet i R g

cont am nam'asa deigdhstasy & gosat potentikl gh édd usdrtah pl‘c.elgaﬂicﬁhs Tie 1i-tispedi ilzos palmibits
conpar ed. con. . Furt her.nor n.is. .

charact obi Sl ARPEfrels chERbe W S PP s R dRris Ralefial features: 1t
concent r athigysioafegihdipti angeffeciys hizeresd, to Wl faimapian tof dopivg- b)@gem@ummes THedife

effectlveness of i ng..areas in ref
i ahe dop P apGor MerpOa! et e AR 34 ol h Bl S B AR B hhe stcon as

ef Recti venabss therCzrcktbalslqA alncooebmppre@dmp{dtopm sikcopr éss:htﬂn;prguthad obolarizaséd-
on sol ar dg eldlsﬁlcx\(’; Potr] cghtgﬁﬁl%ngos% S iron, is higher with regards to its life span compared to
p-doped silicon. Furthermore, n-doped silicon is characterized in an increased conductivity at

identical concentrations of doping substance, which particularly increases the effectiveness of
high-doping areas of n-doping in reference to high-doping areas of p-doping. Accordingly, the

30 maximum effectiveness in the solar cell production is presently yielded based on solar cells with

n-base doping.



11 [0046] Accordi ngly, the nethod according to the invention is
preferably applied with an n- base doping. [0047] As expl ai ned above,
the reflective layer fulfills primarily the function in cooperation

5 with the nmetallization |ayer to causg a reflection at least in the
infrared range (from 800 nmto 1200 nn). Preferably the reflective

| ayer al so exhibits a doping substance in a concentration of nore

t han 1020 3. Th i : : ri t i

when the Bomng S are e R ATt R AP ab Ao e fan n
segr egat i B¥e 8¢piethe dopi ng substance occurs in the reflective |ayer or
only to a small extent, and thus the dopi ng substance of the doping

| ayer 1lOessentially diffuses into the high-doping area. [0048] The

dopi ng | af8#7]land Aseaxplapsd abryveghe siflpetiviedayer Wé@ paifrariéhbe dinedorpis cooperation
anor Phous,irs tild £AMEARH Hyat Rah &Y LrefiectR at RGstOR & AfEhed w@@ (RER3BH Ao
| ayers show good el ectri ¢ passivation features wth regards to the
surface red8mindrsfgnblyfthe ls8eciy Byemalsocahibis & idppjng uhstagte inpgopgpatration of
sen condughQr gk RSl AEe. TS HRASS tnealdvaita g fh&E hurifPHeMRSNY fwhen the doping
i ncreasing | ayer thickness. However, |ayers conprising anorphous

si i con shofrewisdifaredbiom thedeping |agetno Leiesrivnof ihideping sulisemes eqsets ip dhe
crystal | i Redivk 158 o8 6nly ek i@ &k&etaﬁmqh&sefﬁbsio?ﬁgesumgnceleﬁf e opidePMyer
per endlcularlﬁhln reference to the contact surface increases with

gr oWl ng | EyEtialndifiyee §40 thadi@viopingiareat he met hod according to the
invention this is not di sadvantageous because the renoval of charge
carriers to 20 the contacting |ayer occurs essentially via the
hi gh- dopi H§*&r eas P4f@PRVED ARG EENART HEParLvationilarg e @nbodipdidjgmorphous,
net hod acgiofli dtaiing MgretsNVeRnt ieNodehBiRf Qe amofbidMiAAEd MbwTzodd1Rlectric
| ayer thickness can occur with regards to the passivation effect,
wi t hout HESBVAHoR SMAT WHB Eesarly &p B5isHG2 By esombinedpr 4588 2 Epeat pqngacting side of
r ﬁsi§]£ i Vi thyﬁerar:@{daﬁt@b tlyosh’a&. ]Ei(hﬂipalgsi\%ﬂdﬁ ggect hﬁprlaa@ss»pmaltnm:asihg)é@lér thickness.
t herefore show a thi ckness of at |east nm particul ar at |east
50 nm balMUE" g RS g ShesRbess Sicph St SBoie bR JRET AR ductvity in
t hi cknessefrahow aystslliye 90 s6ltee thd deddasSiebivahiedBr 1824t A6y perpendicularly in
[0049]AddiEionaéﬂgreferredffeatures aﬁgﬁenbo inqgt; of the neth%d 0
accor di nd ®t6"FhE PRTENMIG O B4F BCERTS AT HesdY e (e PHTIesh hy sty method
t he fi guraesoraing t@theeenpdathys ienhaiatentagebie R calRewe rameval 3fcharge carriers to
[ 0050] Fi 1 processing steps 0.and of, an .exenpl ary, enbodj nent _of .
t hertet hone RBEPEE R0 TEeRh EREUR PRobe er P TREER oS HBREhp an plowine
cont act i ngrofintiremedad aabrdngstolthe bnemdhekerefardan optimization of the layer thickness
can occur with regards to the passivation effect, without here disadvantages developing by an
increased electric resistivity. Preferably the doping and/or the passivation layer therefore show
a thickness of at least 30 nm, particularly at least 50 nm; because layers of amorphous silicon

25 with such minimum thicknesses show a very good electric passivation feature.

[0049] Additional preferred features and embodiments of the method according to the
invention are explained in the following based on the figures and an exemplary embodiment.
Here shown are:

30
[0050] Fig.1 processing steps 0 and A of an exemplary embodiment of the method
according to the invention for a local high-doping and contacting of the rear of a silicon wafer,

and



12 [0051]Fig. 2 processing steps B and C of the exenplary enbodi ment
[0052] Figs. 1 and 2 show an exenpl ary enbodi nent of a nethod

according to the i nvention for a | ocal high-doping and contacting
of a sem conductor structure, which riﬁresents 5a precursor of a
silicon solar cell. In all figures idenhtical reference characters

mark identical elenents. [0053] The sem conductor structure 1 enbodied

as a siligpn)waf pf; £OPRELSHE st@gsl% andCoﬁEﬁ’é@c@ﬁ?%&?erﬂBo@l%&ﬂg wth a

concentration of the dopl ng su ance anount to 5 x 1015 cm 3.
10The sol ar cell to be produced is therefore a n-type silicon solar

celI. [OQ&AL}n alﬁgs SChgiBt Litow lah L@Eﬂh?r u}ﬁg@ﬁb§ﬂ9ﬁ§ﬁt hp&;‘rn&?{]dégwo?cﬁné)% ¥he

a section of the sem conduct or ture 1s s , '
seni condifewionster yloralhighcioningrng sontecting ef # segHeondneion tiactuse, which represents

respect i \eyourdsPlor RehL&1 Sd‘félsdeh' I tabl' fkies }EREMLiErehld YEdALd Qﬂrl{ Rlefftb
shown true to scale, 15particularly wth regards to the ratio of

hei ght t 8lefieB®h. [ 0055] The semni conductor substrate 1 conprises a
contacting side la, which represents the rear of the

sem conductor substrate. During the operation of the finished solar
cel | an {3f5Phgentht SSRICPRBICEEPERIGclopmBedad rat @ iligacuelerwrqpprises a

el ectr orragxﬂ@gensusr@%;ﬁags@ﬁh H'c&lcteﬁ@at%g%@me%gﬂn@gu e Elﬁomtm?tﬂ@s x 1015 cm3,
opp05|te front In a processing s , first a cleaning of

t hd®cont &8¢ FARY C%lmé?emém@e%lﬁ%herqfﬁreﬂ@Pesﬂfwﬁéﬁlﬁb?%d via a
RCA- cl eani ng, known per se, as described in W Kern, D. Puotinen
Cl eani ng_Sol uti ons Based on dro en Peroxide for Use in Silicon

Sermi condtdt  Telthabl ggmatic iyl AT RSN Bty ingthe( fgiHes 190y gpfdion of the
pr ef er abkamieaninttos Suduit® if sHdwathRGemic®RGictor structure continues at the right and the

left, respectively. For better visibility the schematic illustration is not shown true to scale,

15 particularly with regards to the ratio of height to width.

f0055] The semiconductor substrate 1 comprises a contacting side 1a, which represents the
rear of the semiconductor substrate. During the operation of the finished solar cell an
impingement of the semiconductor substrate 1 occurs with electromagnetic radiation via the

20 contacting side 1a of the opposite front 1b.

[0056] In a processing step 0, first a cleaning of the contacting side 1a occurs. This is
performed via a RCA-cleaning, known per se, as described in W. Kern, D. Puotinen: Cleaning
Solutions Based on Hydrogen Peroxide for Use in Silicon Semiconductor Technology. In: RCA

25 Review 187 (June 1970) and preferably comprises the following steps:

[0057] Cleaning with ammonium hydroxide, hydrogen peroxide, DI-water, at a ratio from

1:1:5 to0 1:2:7, then

30 [0058] Cleaning with hydrochloric acid, hydrogen peroxide, DI-water, at a ratio from 1:1:6
to 1:2:8.

[0059] Subsequently the precipitation of a layer structure occurs in a processing step A.



[ 0057] Cl eani ng wi t h ammoni um hydr oxi de, hydrogen peroxi de, DI-water,
at aratiofrom1:1:5 to 1:2:7, then 30[0058] Cl eaning with

hydrochl oric acid, hydrogen peroxide, DI-water, at a ratio from1l:1:6
to 1:2:8. 13 [0060] The | ayer structurF,conprises a passivation | ayer
2, a doping layer 3, and a reflective layer 4. [0061]All three |ayers
are precipitated via PECYD and enbodi ed as anorphous silicon 5carbi de

| ayers. T, yer i y.-di £ L L i t.e
of carbonhgﬁgﬁdoﬁﬁﬁg%g%tg#gﬁ%gfnﬂg%%gi%ﬁ%%géugﬁggﬁﬁgéﬁbggﬁ%%15§€§fggda
i s preci pieflattvd laysr 4an anor phous silicon carbide | ayer using PECVD

The | ayer thickness preferably ranges from5 nmto 50 nm in the
exenplary 10 enbodi nent shown here the |ayer thickness anounts to 20

nm The pl8§ilat idhthires lyer2 dre peavipitatedivis PECYaged embodied g amrimhbig slicon
no dopi ng 3RS Ia?él%.eTPef 1a§é?t§ﬁz¥}%§xﬁau%9&%¥f£}9w&1¥ fbgar(d's o &@frﬁ%ﬁ@&%@%g% SQPAdihg

substance). Furthernore, e passivation yer 1s enbodi
silicon-riwhtapegyer and exhibits a silicon content of nmore than 90

at % The scope of the invention includes that no carbon is contai ned
in the passivation layer; in the exenplary enbodi nent shown here the
15dopi ng 1089elr | SFieshiseripassiveiiantaxer & i peasiviteisAtae an agorgBuggiison carbide layer
[ 0063] The FOURL ; i f

Gef oot s of prcha Bl T ik P BRT bl B2l Rl Sy o oL P 35molary
so that afmdimentshewy Bergdhe gperghicknass gupyne & LeaBndidaResshatiorjager 4 i an

at the comptdfldfgrSiedR kfibié 8 d65in2ochsthbs oAchBivdle &leet b€ (HURLIch¥ no n-
with doping substance). Furthermore, the passivation layer is embodied as a silicon-rich layer and
exhibits a silicon content of more than 90 at%. The scope of the invention includes that no
carbon is contained in the passivation layer; in the exemplary embodiment shown here the

15 doping layer is embodied with a silicon content of 95 at%.

[0063] The passivation layer 2 leads to a saturation of the surface defects of the contacting
side la of the semiconductor substrate 1, so that an efficient reduction of the surface
recombination velocity at the contacting side is yielded and thus a high electric quality with
20 regards to the recombination features is given at the contacting side 1a of the semiconductor -

substrate 1.

[0064] Subsequently the doping layer 3 is precipitated. The doping layer 3 is also
embodied as a silicon-rich amorphous silicon carbide layer and exhibits a silicon content of more
25 than 90 at%. Here, too, the scope of the invention includes that the doping layer 3 exhibits no
carbon content. In the present exemplary embodiment the silicon content of the doping layer

amounts to 95 at%.

10065] The doping layer 3 exhibits a high doping of the doping substance of the base doping
30 type, preferably a concentration of the doping substance exceeding 1020 cm3. In the present
exemplary embodiment the doping layer 3 is enriched with phosphorus at a concentration of 8 x

102° cm3. The doping is yielded such that during the precipitation via PECVD a doping gas, in



20regards to the reconbination features is given at the contacting
side la of the sem conductor substrate 1. [0064] Subsequently the
doping layer 3 is precipitated. The doping layer 3 is al so enbodi ed
as a silicon-rich anorphous silicon c? brde | ayer and exhibits a
silicon content of nore 25 than 90 a Here, too, the scope of the
invention includes that the doping | ayer 3 exhibits no carbon
content. Sx&mBL

the. dopi e Ty ar Paamrny TN ST, BT Fhish 45 s gt ar BAFeE Rhrfh e
a hi gh deypscivifatisin prheesglopi ng subst ance of the base doping 30 type,
preferably a concentration of the dopi ng substance exceedi ng 1020
cm3. In the present exenpl ary enbodi nent the doping layer 3 is

enri ched[8Mi6fh phes Preomadard, the dapinednier dtseions af a Sugcelfohie drpidg sdiistance to
dopkng i gl t%!a s fh'r%ﬁ' dBﬁ@tarQMMHe Emeﬂeﬁp ‘%%5%%%8%6“ ﬁ’#gy@erahand in

doping gas, In present exenplary enbodi ne hi ne,
added t oCqIMnasioacifsBe P@%ﬁ’é’éoftj]a}’qrr?gt £ Hebipg BEe ngrepssh ﬁtﬁr%@éﬂﬁsﬂ‘lahw of the

[ 0066] On dheriapsidbands thte heme o ey ! sé‘%%ratesl ﬁﬁ ?é’a%%m%%heare%%lﬁﬁloanfelottrJ@Fat
dopi ng substance to 5 formthe locally doped areas in the

subsequeHt pragEssidig steps. On the other hand in conbination with

t he passivation |ayer 2 the doping | ayer 3 increases t he electric

qual ity of the contacting side |la of the sem conductor substrate 1 by
redfici ngl%%Rél r eclbIRRELA5N NoesHEY that he dppies Byet3ie emheylied age silicon-rich layer

10[ 0067] utth iaSsilRBh lebitbhh ik 3 AR CRSAG] Yedab@la LiR@ndQRI 1A le@¥BHs 3 1dwkr melting
enbodi ed as a silicon-rich |ayer wth a silicon content exceedi ng 90

at % becBIPErAUEcPmpyRd £9 ehyrrawﬁét ighgrispihen gontepiend ihystaj Iper silicon portion.

t enper at By enGoMmpA paktitQardy Itreyarpmég rataeras hh@ taednu@lagmpqne %Qﬂi\@ﬂ&n Pa?@r tztwsa
a lower sjlicon fortron artrcu arl opi n ayer

and addi BigRdINYReRE lfgfékrerl BE PSHS déryes tz-‘ gl heaging g%rrbtdrleﬁhq a%rmg:aoth

| ocal nebt theGilREE WE Swelllds e diltent ok MyePertitbd tke&bbl D esthi that Aequid-liquid
foll owi ng,. hoth of the silicon as nﬁﬁﬁ as the silicon-rich | ayers

| ocat ed glﬁét*%%fott}% QRIS BRCEOF I GURAE T ag bi TP B FYer dpBing heYsT 34308 Tty 1g1d
subst anceiffogen bsd aardingbub@emyodimenn dfhge Hig@ldBQmE ay&ris 3nsuadtlinkiidsptidle to

rapid di fusro accordin an e i ment o he hi gh-d pi.ng area
P onsur S S BGRET e oP e bl =i er e vyt LVie QUFeRG Ty S0
and/ or t h;ettq@mesnessahmom hteyy efirtiatlerly praf@ekdwhé bvalagats Bioow &€ edib&néondnt belss
th 10 %tw %a ticularly preferred the two | ayers show a carbon

con ent of" %% 20t han 10 at % [0068] The doping | ayer 3 preferably
conprises a |ayer thickness from10 nmto 100 nm In the pr esent

ﬁﬁq&l’fm ar %Ogg]bOdl %Qitopiing?ay‘terhé ;?rke{’e(?asbﬁy c?ofmptrgees a Oyer%%cknaegse rom Hrlt]lttcsr 16(9 nm. ln

the present exemplary embodiment the thickness of the doping layer amounts to 50 nm.

25 [0069] Subsequently the reflective layer 4 is precipitated. The reflective layer 4 is also
precipitated as an amarphous silicon-carbide layer and preferably exhibits a layer thickness
from 50 nm to 300 nm. In the present exemplary embodiment the layer thickness of the
reflective layer amounts to 100 nm. Contrary to the doping layer 3 and the passivation layer 2,
in the reflective layer 4 the carbon content is selected higher. Accordingly the reflective layer 4

30 preferably comprises a silicon portion of less than 40 at%, particularly preferred less than 50
at%. In the present exemplary embodiment the silicon content of the reflective layer amounts to
approximately 40 at% and the carbon content of the reflective layer approximately 60 at%. The

background is here that the optic diffraction index of the reflective layer is essentially



25[ 0069] Subsequently the reflective layer 4 is precipitated. The
reflective layer 4 is also precipitated as an anor phous
silicon-carbide |ayer and preferably exhibits a |layer thickness from
50 nmto 300 nm In the present exenplﬂ{y enbodi ment the |ayer

t hi ckness of the reflective |ayer amounts to 100 nm Contrary to the
doping layer 3 and the passivation layer 2, in the reflective |ayer 4
the car bofeihenty i ARIAGLARNLANGL, AROIE A afPE J BIHLADA Yex no is
| ayer 4 30 preferably conprises a silicon portion - of |ess than 6

at % par t bengliciallyysmaller draneide |dgf§actionand&oofah essemigondystop selssgrate 1, particularly
exenpl ary i Sh ki ; t.]

aoUnt o 15 aerh 3 g GPAC AR L poeh bR e R, ERhgth range
refl ecti vEom&epmdppiekimat ely 60 at % The background is here that

the optic diffraction index of the reflective layer is essentially

15 determ ned by the carbon content and that for the reflective |ayer
4 a diffr¥8fPlon iRdesearent exagwiey pepedimyntamiffiagion ingex nrheyidided raaging am
i ndex of {he sem conductor substrate 1, particularly below 2.5, in
order to yield high optic quality of the rear, particularly in the
wavel ength range from 800 nmto 1200 nm 5 [0070]1n the present
exenpl ar Y%}@Vgom MRNooerlidd WRGld QbsbQEBX citadtBig MRl dBH pFARG) AAhcHELT the
1.8 to 2.3 [0071]1n cooperation with a subsequéent” contacti ng [ayer.

t helGri maiefeqtivp VP ol REOVEGhe eflegieiffasues iethe Anfrayed mngpnpapicalapidn the
reflecti vafeRALMArESse flonk BE hit ks 82000k &E8: clRBLIHagM R atidR ih Bfs wavelength
wavel ength range from 800 nmto 1200 nm so that el ectromagnetic

radi at i on"anée it FecifAord Bivgray thaprjls ligkt yidd ingBe eadnigaid uetAT S1b§Rgte L ad thus the
optic |i géitectiieabdd of thebher &BME igaRgkdat or substrate | and thus the
effectiveness of the solar cell is increased. 15[0072] Preferably the
reflective layer 4 additionally conprises the doping substance of the

basix dopjoog]t ypere®ablynat rdfheriwaines 2agitionlgtdinpiisdahe SIMLRbOEndeNE the
area and/or counteracts a

dopi ng substance to formthe high-dopin (

seg r egat f%ﬁ@?pwasmaoﬂﬁit% g ey A e fﬂi%t?ﬂneh%ueraﬁf H doripg Fubstinge torfarm the
reflecti viggh-ayeiig aded ahllrRbeseRttsexaFpigation enediopRRtsubitand@yrd@d the doping
addi ng phosphi ne_gas, as gescribe above duri%g_tq?dgaeci itatio of
the refl e&¥5VBY Beielactye 8o sBnBe juetesh CEHEREY; GRPIEMSHte Py Y| of 1dtine
ES](‘)I gﬂzl Vlﬂloifylﬁ:{] gds, aﬂﬁdm;tliiﬂngl hlﬁb&rapﬁﬂﬂmg' mzd @Pe(:ipﬁtaﬁmﬂ.fﬁﬂ:hé hmeﬂ?ctive layer 4 a

i g. shows the semc ctor substrate with the | ayer
Lot ur PhereltROR R oTUERET B SRRCL R e B0 BY S aT e de andpsmatel § x

processi ngsdinep B, a | ocal heating occurs of the |ayer structure as

[0073] Fig. 1A shows the semiconductor substrate 1 with the layer structure produced in

the processing step A.

25
[0074] Subsequently, in a processing step B, a local heating occurs of the layer structure as
well as the surface of the semiconductor substrate located thereunder at several zones in order
to form local high-doping areas. Fig. 2 shows in the sub-figures B and C one such high-doping
area 6 each.

30

[0075] The formation of the high-doping area occurs by a local heating using a laser, with

the laser preferably being embodied as a pulsed laser. Fig. 2B schematically shows a laser pulse
5.



wel |l as the surface of the sem conductor substrate |ocated thereunder
at several zones in order to formlocal high-doping areas. Fig. 2
shows in the sub-figures B and C one such hi gh-doping area 6 each.

[ 0075] The formati on of the high-doping area occurs by a local heating
using a laser, with the |laser prefera Qy bei ng enbodi ed as a pul sed

| aser. Fig. 2B schematically shows a |aser pulse 5. 16 [0076] The

| ocal heating via the |laser leads to a |ocal nelting of the
passivation layer 2, the doping layer 3, as well as sections of
the seni &¥8Lict oFhedatss heating vip the lagdndeadn bt zlotdl pltinigdé thegassiyagion layer 2, the
reflecti u@plhgmr, 3, 9@(@.9@5 LkBnd OF thebEhieMGcloP sﬁﬂg@a@tlh&rthé BYRESing sBle 1a.
abl at ed due her Smelting point by this local heating

[0077] I nThméeﬂﬁ@ﬂvtEéwem REbepeich He l‘ﬁérﬁnmtosfbb@ﬂ‘@ﬁé?éIEIEbfe]éa?kbé@tf@sdlferf@rﬁl@ higher
dopi ng IQMQHggoﬁgﬁnmg;&nggﬁﬁgent exenpl ary enbodi nent also fromthe
reflective | ayer and dissolves in the nolten m xture so that after
the nolten m xture has set a high-doping area 6 is given, as shown

10 in Fi 77]2B al@dhggroltﬁi/nﬁﬂﬁ"et?ﬁé %p}ﬂg‘%@l@gtaﬁﬁ%bﬂgtepfrg&%§ d@ﬂn%é)la?er 3 and

sl i ght naterla removal occurs, so that aE proxi mately the set nol
m xture E’xWiewr?sc?“ée’Feé‘B’é%’ﬁ(?é’@éW@&Eé sp Arome ey efe@ive dastend Fnelf qhéﬁ@lvew the

layer 4 sunePHn@iredo teaf&ithdRbEEN Tt HELset §§1g§@%\6€ﬁg bfkald i@ glVgIBaS shown
[0078] I n_the Eroce53|ng step B, here a | ocal_ high-doping 6

gentr at el Hgs £hant éht azéfhertg"lef kisaldiedena BrogHes el 2 ST GBI FRROval occurs, so

substr at gad apfrokiftel? t1EOEH: a88ItenOm Bhurk NENBRIACRBEWEL SirrRbRS trERERcd %o the
possible in ich, on the one side, due to the high-do |ng a | ow

contact FeASFHe ayelst FuTayRding e Séh‘a"]t@rfn’f‘ﬂlée ot Hé’twnéil H; 2
reconbi nation features, particularly at the contacting area i.e.
particularly in the hi h dopi n rea, ar roved co
contacti 3?87% t hotit P aRLp Fﬁstj’ﬁ 569@89 ﬁ‘{j"eaar ]Qéal?‘l%ln%l’ir@sfh’lstge“ é‘ie a&H’&%B?aCtmg
i[ nes eias es:ﬁxf1 14 brheveniaddduehf adisiryie lr)lesss)sm;ﬁfa doh&ctsid (ﬁrtilulcﬁlnhcoaeﬁl@meéu@mate is
0079]In_t sing step ubseguent tallic contactin
ayer 7 PSR PO 9l G5 S, SR T e SUBE 4 6 BH ErfaRS g chsured
appl i cat &min oaftha offedradidd, ¢hd %t@mlbmﬁtldmﬁeah@mrpﬁﬁﬁ:tllﬁl‘}ﬁ)éﬁ;tlh@fcoﬁtMm:g8@&‘&{’, ie.
structure e present exenpl ar ment the reflective | ayer.
o er o Pt bGP FRERbyE SR R Fu S et TR g Rt Wi Aehie-
cont act | agpingayres. Asandsilhéeld glotldophdrgase of the overall effectiveness of the solar cell
20 develops.

[0079] In the processing step C subsequently a metallic contacting layer 7 is applied. This
preferably occurs by a comprehensive application of a metallic layer on the lowermost layer of

the layer structure, in the present exemplary embodiment the reflective layer 4. Here, an

25 electrically conductive contact develops between the contacting layer 7 and the high-doping
area 6.
[0080] The application of the contacting layer 7 can occur in a manner known per se, for

example by way of vapor deposition of the contacting layer. Additionally, the scope of the
30 invention also includes using the above-mentioned methods of galvanization for rear contacting
in silicon solar cells, particularly to embody the contacting layer from aluminum. Additionally
the formation of the contacting layer 7 as a layer system comprising several layers of different

materials is included in the scope of the invention.



area 6. [0080] The application of the contacting |layer 7 can occur in
a manner known per se, for exanple by way of vapor deposition of the
contacting |layer. Additionally, the scope of the 30 invention also

i ncl udes using the above-nenti oned net hods of gal vani zation for rear
contacting in silicon solar cells, particularly to enbody the
contacting layer fromalum num Additionally the formation of the
contacting layer 7 as a |ayer system conprising several |ayers of
different materials is included in the scope of the invention. 17

[ 0081] | n [ORB1lpr edarihe gxasens! %ﬁempl@mb@ﬂbfrﬁbmenttme copnttigtliyey 7 myembodiefsis an
enbodi ed I way of vapor deposition.
5[0082]Pr%?e?ggﬁ§ﬂgkﬂy§]su seq ent S|g?§%fﬁé step, i.e. a heated step
at a tenperature from300 Cto 450 C, the formation of the electric

contact igoksypr O\ﬁgfeg%%%sﬁgﬁqu@%ﬁgﬁﬁéﬁﬂeﬂ @g%;lantea@Feg %g terﬁgerature from

sem conductor substrate 1 at the high-dopin EA
appl i cat i O ‘6fto tpie° Cpﬁ@s‘i)r\ﬁmtmﬁf thgpleetriz, comtﬁ@:t lﬂ@mrﬁ‘gedlbayfeqen e eptithcEipglayer

ref| ecti Vead @yetemidhaiafCGHESate 35t GERIAIMBEAeaRAe, via PEOD in a
vacuum envi ronnment and in a manner known per se. The application of

|l ayers using PECVD it is known to one trained in the art and

descri bedypogfr exﬁ@@bﬁmaﬂn&h oflﬂ'ié ﬂ!i@élpiti%ﬁ la‘%r Pltl?escmf: r%'l%@pgragﬁ%e@@ﬂiectwe layer
mat eri al s processin . Lieberman, "A. J. |chtenberg, John | ey

& Sbhs, %ECC“'TESTWB%]“FHéb‘P‘@C‘éP PREWR infyvachums H@Vlmﬂéf@@%’?%@ asm@weakwaa per

the | aserseC’?ﬁ?éJﬁ)%h@d't%B%F AP usiASPERSGE isREGWRRAMR traife il e art and described, for
above-mentioned nethod for the formation of the punctual contacts via

| ocal hedt?Rgleusi Renarirageplasndipgiptaes anrdmatarafiropassisgs Moft- ieheaman, A. )

are sui tab&meﬂmﬁéﬁ;oanp\qj@ggogg Ml angl ng fromlns to 5 s for the
met hod according to the invention, in order to keep the thernal

stress of the adjacent materi al Iayers as | ow as possible, but

si m4 tane[ousd}y mehet8éal Heftghg 20tHehgor@king FRACE JiDRg: &@&ug&&uisop&rmm& as
of

t he neltug% ﬁﬁ? ge | ayer s sten1and the silicaon froma depth

appr ox Crifer 2Bovs ndle Fhee “EPB?IEdd’bﬁtbo%@bfﬁ‘?sfoW’i‘%W of E‘erﬂuﬂﬁuﬂﬁoﬁﬁ?m via
V\ave: engPﬂ@i E@dﬂgg ngink ElQiBexzoﬁn ﬁa@tlcllmoilghmpalrs& Wi hablge ﬁﬁtaﬂ%@ﬁﬁlsas pulse term
wavel eng e

Pre ul sed solid-substance | ser
Nd: YAG I'AR&EPS frp 1 @é?/he gt ??%Forﬁagéq thg Anvep iy L #é%tg? thermal
used as tshesd as éte, ad?@éﬁt, matetiBl ialy6rs| Aslew LeparsibRi BAt dﬁfukt@@édﬁdy\&haﬂntam the
def ectlo rors 0 the respecti oLnts in order to
P Gopithg il BBkt e enGuh B Rase Sie Rl Mot clirBrana dh ity
gf hi gh- cththng aﬁpﬁﬁsl(ﬁ)arlm bea mmﬂmc&dfdrﬁblﬁdﬁhm fropeni esl tﬁﬁotdnHEWavelengths
ecause an a_ver act term of the s, require
it n Bvind b o riabe AP R B R PP S e Boek M S SR eg Fuised
above, t hehdralﬂmdaaiamr(dg NYd:tYR Gt hser, Yy BAG-:06r, 6 fiberbla@sad $e dhéangifiar) is used
cells t fuse. s.in ar cells with .
i t ter s ot PatottEy i LAt E S ptRaiEteneiy VR fite flop il LS gyspectve
applsyi ng poayemsraertth genedaphigy- d@pmgsretae Thiewdn i ngeqoentidherogression, a plurality
Sem Cond%%%ﬁ-d%&lﬂﬁ talregg &in be produced in a short period of time because only a very short impact

term of the laser is required to a point in order to generate a high-doping area.

[0085] As described above, the method according to the invention can be used in solar cells
30 with diffused emitters as well as in solar cells with emitters generated by hetero-structures, i.e.
emitters created by applying layers with a doping opposite the doping of the semiconductor

substrate.



18 [0086] Due to the fact that all steps of the nethod according to
the invention represent |ow tenperature steps and thus no gl obal
heating of the sem conductor structure occurs to tenperatures
exceeding 450 C (if applicable except %or the |l ocal heating at the

hi gh- dopi ng areas) the nethod accordi Ny to the invention can be

i npl enented without any problems in Smethods of prior art for the
producti %8@? af éfﬂ)rth@ﬁl:tjthatlgﬁ ?Ecesg ﬁirﬁlé/ mEﬂﬂgd RLOH t'o@fna 19venhgﬁre§:%st31tltqg\w-
occurs prior to the execution e processing eps A

19 CLAI MBmperatpget feps Bod thescap glﬁbghhd@mgn@f mdsmmnée@tpmgtrmtum occurs to
sem cond%&%atﬁlteg té%eualﬁg 4&@pt§§%§aﬁlhcagleaexce§t $@ AL 1581 heaBthg 3t HeOE ?@(gmg
of a solar cell rising a silicon- enlconductor substr at

of a basereaaipﬁhﬁgnqt@qﬂeaccwdm i b re piigigcaantke omeraentedyitbeutany ipepleys in
gener at i RRHRAY 6f SHorlaPCidt thré'pg&i'ugﬁ)&{ 6 Rl qfref%ﬂ%kyhﬂ@ ?roqudorﬁg)f et B
the sem conductor substratée (1) at a contacting si'd l'a) of the

sem condﬂécﬂlb?m@lljﬁé%hﬁ3%%“%1)0@1&9?9?%@%5'3?@#\@5431“ Ccont acting layer (7)
on the contacting side (la) or perhaps one or nore internediate

| ayers covering the 10 contacting side (la) partially or entirely,

in order to formelectrically conductive connections between the
nmetallic contacting layer (7) and the sem conductor substrate (1) at

t he hi gh-dopi ng areas, characterized in that the method conprises the
foll owi ng steps: Agenerating a |ayer structure covering the
contacting side (l1a) of the sem conductor substrate, conprising 15- a
doping layer (3), which conprises a dopi ng substance of the base
doping type and is enbodi ed as a | ayer of anorphous silicon or a

| ayer of anorphous silicon carbide with a carbon content of |ess than
10 at% and



- areflective layer (4), which is enbodied at |east in a wavel ength
range from 800 nmto 1200 nmwith a diffraction index nR | ower than a
diffraction index riHs of the sem conductor 20substrate, with the
doping layer (3) formed in the |ayer 5@guence | ocated cl oser to the
contacting side (la) than the reflective |ayer (4), locally heating
the | ayer structure and a surface of the sem conductor substrate

| ocated thereunder at several zones to formlocal high-doping areas,
with the local heating here 95 occurring such that at the locally
heated grgms | ocally a nolten m xture devel ops respectively
conprising at |east the doping layer (3) and a section of the

sem conduct or substrate at the contacting side (la) and, when the
nolten m xture sets, a stronger doped area (6) fornms in the

seni conHuct ot MethBe f4rdecal gl d%ﬁln& Hl OBREE 9 A §erRiceRAVCIOR FrpRfugt repregtting 2
t he dopi ng suhstange pQEcuhhﬁ‘ o SORIRGell RO mpBiking ABlcH4eARRINY L 6 Fbstrate (1)
metallic contactin %% (7). to farman electrically conductive
connecti on %F&é@r@%i”l’i‘é iV iELHERYE P PE Hroriesing qeqyTiah BY generadinA ey g
llayer (7) athighéophigdBredo it rtge daeAd0 1n§Qy1?e uAtHEEEé]ﬁ)ldorﬁﬁﬁt@F @lublgratt@ (1) at a
claim1, characteriz d i.n _that mﬁﬁ processing ste

structure i SOPGFIRES AR AN BHE SERFFR ‘EFF&ISPVtEiFﬁfF’ﬂﬁB%‘“ﬁéé%‘ﬁ}%‘i ‘?"BECP ng fayer
(2) exhibit l{llﬂgoﬁ tlgel &Zdnﬁe{@ﬁnglﬂﬂé €1 oﬁfpeﬂiapé easSbr @@re&h?&mﬂglﬁﬂédiﬁﬁs covering the
passivation | ayer conpri si. Q tance of the bhase _
dopi®ng type GF afﬁlﬂgy @ @ﬁng aglg &n eB’f“]'oelllyes‘E ?Wﬁ’h th%i Qleitﬁfgiyofongﬁﬁtwe
a 5dopi ng suhsm]atlm& be?ﬂ&lntthemaﬂﬁlcﬁﬂhttﬁig lhyay 1) aﬁa):lad @n@d@h@ﬁht@&ubﬂr&@g)
| ayer sequent ocat ed closer to the c ctln i de an. t he
doping | ayer 5y B BB GRE G Gt ChecTart o mPEne: e P PipEateps
that the passharatihwn beyresoricBre | @viraigrad wintdetiag tshieCKAR S thé GBMmETofdictor
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1200 nm with a diffraction index ng lower than a diffraction index nus of the semiconductor
20 substrate,
with the doping layer (3]} formed in the layer sequence located closer to the contacting side
(1a) than the reflective layer (4),
B locally heating the layer structure and a surface of the semiconductor substrate located
thereunder at several zones to form local high-doping areas, with the local heating here
25 occurring such that at the locally heated areas locally a molten mixture develops
respectively comprising at least the doping layer (3) and a section of the semiconductor
substrate at the contacting side (1a) and, when the molten mixture sets, a stronger doped
area (6) forms in the semiconductor substrate (1) at the contacting side (1a) by at least the
doping substance of the doping layer (3), and
30 C applying a metallic contacting layer (7) to form an electrically conductive connection
between the semiconductor substrate (1) and the contacting layer (7) at the high-doping

areas.



6. A nethod according to one of the previous clains, characterized in
that the doping layer (3) is enbodied as a silicon-carbide |ayer
conprising carbon, particularly that the layer is 20formed with a
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step A3 A nBtHOHIREeBRIgs Hyrlall Zorferasterzpbinghaiihoragsivation fayer (2) is formed wit
charact er i zgehjikRedsAim § AmtH B0PHAGRERIDG e Mndd S0 hyers are
generated by way of | owtenperature processing at a tenperature of

| ed® than 300 C. A nethod according to one of the previous clains,
characyer i zgehdibdtddadrding td R dPEIRGESSthAGgs b RadcleNSed iAYIRL tRigabG4b6. 1l 6r
gener at ed bf PECVD (Pl asma Enhanced Chem cal Vapor Depositiaon). A i
met hod accokdihemestied agi angilicon-carbiftedayes cpRausiph car bl PRAICHIRGY BrbEedeiend
step A one @rmB®wehkayebs caltéht Gogat £6 6Q0RIL.SI Nng the dopi ng substance
by addi ng a doping gas during the precipitation process, preferably
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the rear side facing away fromthe incident electromagnetic radiation

during 6.0 per gtrrlle%lnod%]::cc}r(ri]i%g §oogn%rof &%lplrévious claims, characterized in that the doping layer (3)
is embodied as a silicon-carbide layer comprising carbon, particularly that the layer is

20 formed with a carbon content from 1 at% to 10 at%.

7. A method according to one of the previous claims, characterized in that the reflective layer

(4) is embodied with a thickness from 50 nm to 300 nm, preferably from 100 nm to 300 nm.

25 8. A method according to one of the previous claims, characterized in that the reflective layer
(4) is embodied as a silicon-carbide layer comprising carbon, particularly that the layer is

embodied with a carbon content exceeding 40 at%, preferably exceeding 50 at%.

9. A method according to one of the previous claims, characterized in that the reflective layer
30 {4) is embodied at least in the wavelength range from 800 nm to 1200 nm with a diffraction

index ny of less than 2.5 and greater than 1.
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A method according to one of the previous claims, characterized in that a cleaning occurs of
at least the contacting side (1a) of the semiconductor substrate, preferably a wet-chemical

cleaning prior to the processing step A.

A method according to one of the previous claims, characterized in that in the processing
step A all layers are generated by way of low-temperature processing at a temperature of

less than 300 °C,

A method according to one of the previous claims, characterized in that in the processing
step A the layer structure is generated by PECVD (Plasma Enhanced Chemical Vapor

Deposition).

A method according to claim 12, characterized in that in the processing step A one or more
layers are created comprising the doping substance by adding a doping gas during the

precipitation process, preferably by adding phosphine gas.

A method according to one of the previous claims, characterized in that in the processing

step B the local heating occurs by way of a laser.

A method according to one of the previous claims, characterized in that the contacting side
(1a) is the rear side facing away from the incident electromagnetic radiation during

operation of the solar cell.





