1 DESCRI PTI ON METHOD FOR THE PRODUCTI ON OF A SOLAR
CELL AND SOLAR CELL PRODUCED1 USI NG SAI D METHOD FI ELD
OF APPLI CATI ON AND PRIOR ART [1] The invention
relates to a nethod for the manufacture of a sol ar
cell with a BSF (back Blr$GE&IPTIGINI) coating, said
sol ar cell advantageously conprising silicon or
silicon substrate, as well as a solar cell

METHOD EIRIDRTFHEJPIRGDUGTIFI@NW@WMSOMR CT,EGP;LWAN[D BOUAR CELL
of a conventlonal solar cell involves uence of

process st eps PRIEEHECELN USINGraadly MErTrh’@ ei nafter.
The basis is usually provided by nono-crystalline or
pol ycrystalline p-Si wafers, which are

FIELD ©OF ARRLICATION ANDRRIGROARIN et ching process to
i nprove the absorption properties. In the case of
nono-crystalline silicon said etching process is

[001] ﬁ%j@%@ fatés %;% @Leﬁih% f%?%ié%a?@(%'%@%é I3tq solar cell with a

oluti1on I Sopropy
BSF (bAckysurfextanfitldjecaating, csaidssalbc lved advantagedusly congbrising silicon
f ric and, nitric, aci Furt er e hln cleanln
or silicQlf §BRIrate ois Walk S i sPlt ]l mAieT Sl Method.

opti mum preparation of the surface for the follomnng
di ffusion process. In said process a p-n junction in
[002] idie mﬁa@t@mdﬁemm@nﬁ@a{i $dlasicell ioflobde@s@l&aqmerme of proc-

ess stefgy BBLRiBor BRI Ctarm bRECaiE e e i< Bapally provided

by mon-ef)talgiet Heps smm@ Shﬁ/éﬁ@?@fwhﬁzméﬁé 8drfake-textured b
y appﬁ}cﬁl mat el yp8B%C,yto 950% in a furnace in the y

means pf @eatahing RIogrResfRdMpRroyathecabaerpliony psopadies. xinutke case of

mono-ofy @i SR, S81crHeHing B8 E ARGl i Eixife of so-

dium ompgmsjsv&Whg@r&u@élscﬂuaéncwmse@lpntdpw kcorsl. t Pv)q}orystaume sili-
. conductive boron doPed base. In this process

con is gipsgiwiths grkyion ef hydrelueric @mnd §liflf>ét<édarl:d1r”§ef etching-

cleaninéﬁ)&%@wé{e )Lc/ap% (’gﬂ?h!ﬁ%}‘iﬁ?ﬁnéﬁqﬂs @%rqbcﬂ}]o@gd aWogF mum prepara-

sequen I cCOn Ssurrace I'S app

tion of theugiinfsic8Gonthdifollowirg diffusioaysidoessonipr saidnerdsdss-a p-n junc-
i.n order to reduce reflectlon and for passivation.

tion in sjligen Is pre: %%et@y thed tfﬂdﬁioarﬂfl wéeswlaowfelrf agigpth gkapproxi-

mately é%aﬁéﬂ‘ugggéy n éal I g‘ d%[s% q@&r @’(—:)f cafrﬁer%rféﬁ'ﬁ'léd) by light.

- For proddcmg ﬂgfepu:sljynoﬁonlthmvmamnlsmeesteddtqoappnrpmbely 80D0°C to

the_alum nju lied to . the waf rear surface
950°C ify ¥ fHERGen i N BT Fhee TP PASPRON S AAWCP| HEHg Ik ELgas mixture

or an aqueous solution. The phosphorus penetrates the silicon surface. The
phosphorus-doped coating is negatively conductive as opposed to the positively
conductive boron-doped base. In this process a phosphorus glass is formed on
the surface and is removed in the following steps by etching with HF. Subse-
quently to the silicon surface is applied a roughly 80nm thick coating, usually
comprising SiN:H, in order to reduce reflection and for passivation. Metallic con-
tacts are then applied to the front side (silver) and rear side (gold or silver). In or-
der to produce a so-called BSF (back surface field), advantageously of aluminium,
in said process part of the aluminium applied to the wafer rear surface is alloyed

into the silicon in the following firing step.




2 PROBLEM AND SCLUTION [3] The problem of the
invention is to provide an aporenentioned nethod and a
solar cell manufactured therewith, which are able to
avoi d the di sadvantages of the prior art and where in
particul ar the effi ciency of a solar cell can be
PROBEEM]!& @65_ [4] This problemis solved by a
ne od avi ng he features of claim1 and a sol ar cell
having the features of claim15 . Advantageous and

_Ereferred devel opnents of the invention formthe
[003] thejpeeblarataf, éheoWVﬁ%'%'ﬁtqu@rW'% @ atprementiopedimethod and a

solar céﬁ n%ﬁ tu%ﬁ ﬂll% a1 ms érgﬁﬁ% ?ﬁlgw : d rtfé%ﬁ{leng\?%?tages of

the priarhart ;amjsmmeréeaqmamtcm tHeuefflotency ef abs!ole:x wetissan be further in-
reference the wording of the priority application DE

C"easeﬁozoomlzz?? 4 filed on March 8, 2007 by the same
applicant is made into the content of the present
description. [5] According to the invention a BSF

[004] 'Ehiatpr@gﬂ&rsl ispioived by atmethedhasiing thé featuresr otelaim 1 and a

solar ot B3I} fie FERRYRE ¢ RIS, AiReMdEb, et tafeliedl develop-
ments 6L IniedtioPHRSBE YREIdubj ébvmaﬂtw@fodheomrihérh&bﬁﬁfs Arkd are ex-

al l oyed into the substrate and the resulting BSF
plaineddpgregier detaihhepainafterorByexprass rgferenciesthe wording of the

f thi f act
ctaims S M0 SKERL AP e b 5o FEOLL SO PRI bre, by o
press r@menbéthqu@ndigcef e ph@hQL applieatieal DEd10200v0302277 .4 filed
|ar cells, which can also be irradiated fromthe

on Marﬁla@« 200'¢ hythe saMESEPElicARYis asle thterthei erntent of the present
ticular, in this way both | arge-area and al so snal |
descrlpﬂeﬁ[ ocal BSF can be created. It is also possible to
use di fferent application processes for the al um nium
and these w Il be described hereinafter.
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ium or a@'@@flsaapphed tonthe antmtmtef $obseqﬁehtly®uﬁﬁﬁ;um mfuphrt thereof
vour e, and Qntr abl e Qcess can
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al umi ni um or TCO can applied 1n punctiformor smnal
local BSr gantbe mreatedie ltslﬂoalSOapessxblatcb ewe different apiplication processes

for the HRTHIh 3y FE R4 TR 4RaBEoBA3TLRabrc ey, svon o

method ti§ eeritiveily Faveuratel én@fe@zaé rakaltifacaueabrd eems lcaese produced
which in particul ar have the sane slgam ng. They are
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pace of 3] o730l B o ALER LA IO EMC A RSt proc

ess canfize Used, aiterlAlipirs thak ﬂHeﬁéﬁoylﬁgtt@Jrh ér@t@!ﬁé&@? @al@fenium is much
subsequently appl.i ed, ? of nickel or silver or

lower th@g,fgr,bgrp@ngngngrl@cpartlcu ar less than 900°C. Thus, e.g. also multi-

crystalline silicon can be used, which would be disadvantageously modified in the

case of alloying in with boron due to the high temperatures of well above 1000°C.




[7] I'n a sonewhat different devel opnent of the

i nvention the application of3alumniumto the

substrate and therefore the production of a BSF or

conductive areas for the BSF can take place in the

manner of the above-described lines. Here again it is

f ¢t N r e .

(006] B SRAEREMrt of 1S BB fafuRRbrpon, LB gp Y BpbfiEd in
punctifoodi 61 smhatllearelzoforemto the sobstinaterdr @feat suifacerofche febstrate.

Th %SPI [ Eggﬁ) areal or |large-area manner to the rear side
us, VIR SANPE PIRFUESH INPastiTosm mansrar angmall areas. Ad-
vantagéBhbfyetHé%%’ poIrfis: or'ém'ag a?'%gﬁél%didbaftéﬁmé‘thﬁ!e%ywhlch in particu-

possi'bl e here to provi erent coat1 ng”thickness
lar haverthemamegspadiognebisey aadlper&ferabjytamﬂmhma@eamﬂma of a uni-

orm G AR bS5 3B B DA Ppossive
On the BIAIGY tha shRilCarSR AnMiik rbeWﬁ%uPéroéll aﬁ\dene% lrhBgsllic contacts

alum niumBSF, in a followng step ne i c contacts
are Suwwthpppphﬂdaﬁcg wfceickghon sildep ar wombiaativhsdhereof.

nmetallic contacts. [9] There are numerous

possibilities for applying alumniumto the substrate.

[007] Ihraa somawhat Hifférent idevetdpire st thedinkénfiohdheeapplication of
inting process or ink jet process. It can al so be

alumlnlggbﬁcp dae isyhsteateang trpggfgrq& dhenpredyctiap of a BSF or conductive

areas 13} B BSFTLEAER bRl RNy Binh ) 10T SRR oo o

Here agmmat mad&anm@ed)umthle ihess iare pardllentd bR ke Biee same spac-
sputter| ng, vaporizing, CVD processes or

ing frona|qpr@yqaﬂa ©[-10] A heating process can be provided for
alloying the alumniuminto the substrate or the
substrate silicon material. This advantageously

'[008] Inliyet enotheomodifickedévelopment ofi e :mem&mlammmmm can be ap-
pllcatlon of alum nium In th

. .. th edi
plied ingfgalp} e audh spapaer & toeseb e Oérth‘éﬁtqbfﬁtr?éﬁ g de can in par-
ticular ddver tReeaigE RREPSEE. 1k i‘slhd'ﬁ‘?ﬁi!é?m/ ?Qn&gﬁ‘\éﬂ ﬁy g?ﬂss%le here to

alumniuminto the substrate or ['Icon
providedifferent epating rtglczlmassesmm ceatmgﬂhe:dcndsm @mdlentd abut advanta-

aeoush28 b} HPETREY Hpk et S alued, A5 Bhe BERE of the above.

_describéd umaaﬂmaﬂfwhédlaruﬁﬁm.@n{ He bhair? hOt"hél &tidh of a linear
that can be differentiated. Sai un oeda um ni um

aluminiyanB&k.Hera fellewing step metenﬂm/edntaqtsa:@ berappliet and once

- ' s e t .electrical contacting and
again m?'ﬁémé%ﬂ% Bﬁ%%gm%%?@?g F A3t cont act s, is only partly
renoved or left in linear form It is alternatively

Eossn ble to renove all the unalloyed al um ni um
[009] Thgiamraqusnergusossibiitias for iapplging/atinipiencls the sabstrate. In

one podshifilPRREbeSSpplied by a screen printing process or ink jet process. It
can also be applied in liquid or pasty form, e.g. as aluminium-containing liquid or
aluminium-containing gel. According to another possibility, in much the same way
as other metal coatings, aluminium can be applied by sputtering, vaporizing, CVD

processes or alloying.

[010] A heating process can be provided for alloying the aluminium into the sub-

strate or the substrate silicon material. This advantageously differs from the heat-




[12] In a devel opment of the inventive nethod,
followi ng al um niumrenoval 4here can be a passivation
at least of the rear side of the substrate.

) éflvant agequsly an antireflection coating is applied,.
Ing useg of P&eHIrRg (fRk tha preetdingearplicatian of aiwminiug. In this way the

oul s ‘
procesBa B Ic CaNBoh AT RR dArtif el o i RpnbieR i e,

Fol | owi ng t he above-descri bed renoval or parti al

al of alunm niu It.i.s possiple en . .

011 Fallewing fe ﬁhovmg eﬂ%%m@éw moaﬁsoﬁ&t@ts-w silicenirgaterial,
part of e t8fmaIHRY BRiRInitH & idHEV8E. PRoSRRRSY | .}Fth?t aluminium is

n-silicon. ©“[14] It 1s also possible, particularly for
removed witiclk iasnnobbekdi allpygs ftodhecsubstahteconwdnich igystih pure alu-

miniurr ) BpLefBre 1PHHSUI bl e’ Chitiha Yadkeh b igEhbaled. saio

unalloy@ldr aleinihfsmeE8n RSIPRE IR E¥niietigaenidvéd or, e.g. in order to permit
above-described antireflection coating, sald

a betteppybaearent eiretigapraptacting anidctiie gpplicatien obglecisieal contacts,
is only F%ﬁ&%@%valcﬁu%} ﬁ[ eﬁri%%éﬁ@gé.ggﬂgqhéﬁgﬁqth%lf BRLRIE thhemove

all the ahalieratt atuiheidnh | PARAatag8oushy the aldmavlal Is/rdrmoved by etch-
underlying alum niumBSF. The latter alumniumis then

ing, as j{pkNPWiRHREH SeAdvant ageously to this is applied a rear,
very good conducting, electrical contact in |inear
form particularly as a silver contact. 5 [15] These

[012] lmaddéueldpenehéaf the snwentivee ngatheet, follbwing themitianmsemoval
description apd draw ngs, and the jndividual features

there caj b %in?gﬂf%w%{?ov tleast of thereausidsmef tha syhstratan Advanta-
onk ) . o v . .

geouslyotﬁﬁeér‘rfffri@zgll%ggbﬂ éé‘atﬂ@%dgpgﬂéd Gt1b5s tg)gg\géb !g’QEK'i‘J?‘%hérhubstrate.

and can’re sent "advan

This is padipdady redwyantageetsabtiee backt ofitheé sokarfeell ishalsb to be irradi-
The subdi vi sion of the

d witth tﬁ tion is claimed here.

ate “"Qb@Qi ation into individual sections and the
subheadings in no way restrict the general validity of
the statenments nade thereunder. BRI EF DESCRI PTI ON OF

[013] FolewirgthrGiboyeaslestribed! remioyabiortgastiahvemovah ofieduminium, it is
possibl%%i%ﬁ%?pgcgpﬁ%ﬁgé Srcalﬁgtcg\flﬁtotsﬁ { _L?Céa tat[?—%hj%%ction on the sub-

strate, by diffusing phosphorus into n-silicon.

[014] It is also possible, particularly for a subsequent building up of electrical con-
tacting on the back of the substrate, to apply metal or aluminium in prefabricated
structures on the substrate. Such structures are especially produced on an
above-described antireflection coating, said production taking place mechanically
or e.g. by laser machining. In the resulting trenches it is possible to introduce
aluminium, advantageously in the above-described linear form, more particularly
to an underlying aluminium-BSF. The latter aluminium is then not removed. Ad-
vantageously to this is applied a rear, very good conducting, electrical contact in

linear form, particularly as a silver contact.




Fig. 1A section through a solar cell manufactured

according to a first devel ophent of the inventive

nmet hod with an areal al um nium back surface field, the
ure al umi ni um havi ng been renoved. Fig. 2 A second

[015] Hacee SpRerthsir fgabiuan caalhe Q@er@%@omft@ glaimsyidasagiption
and dré\t\{ﬂfgﬁaﬁ&‘f qhHWl@@% (FEE & dehedi ggI))églefneg%‘ o ?Jg'ébbcombl—

re alumnium een renove

nationsjeas bepmmlpilermferﬁedohain eehbogimehbof the i‘riv@ntlbn and in other fields
t he re alum ni um has not been rermve

and calo S R ROV Kot RRSRABOSY NERIESIAD]S gpnsfryictipns for
which [5loRetich EOERImR] held: Wéhﬁﬂﬂﬁs@n%ﬁﬂ@%ﬁﬁéétﬁﬂ? 1gnto individual

substrate 13. An antir ctron coatin
sectionsj andHthe sappleiaglings in ne w:aynltesstndtethﬁgehesaj b&atllthtyeoﬂﬂ\e state-

and, a,not shovvn passi vati on of the underlying ‘
mentsmmﬁ Shas taken place. Onto the front side 15

have been applied contacts in trenches in the

antireflection coating 17 and conprise a | ower nickel
BRIEF £¥readttIPTIOM OB BIEVIRAANGS 20 applied to the

| atter. The corresponding trenches in the

antireflection coating 17 for contacts 19 and 20 can

[016] Hmbptifentsobheimemgon eireadldsdriidd nerinbfteitehftive &b the at-
wor ki ng or_1|aser machi ning. The nickel contacts 19 can

tached B‘@Qf@m"@@%r%m@l, versie shove

Fig. 1 A section through a solar cell manufactured according to a first
development of the inventive method with an areal aluminium back

surface field, the pure aluminium having been removed.

Fig. 2 A second development of a solar cell according to fig. 1 with a
linear aluminium back surface field, where once again the pure

aluminium has been removed.

Fig. 3 A third development of a solar cell similar to fig. 2, but where

the pure aluminium has not been removed.
DETAILED DESCRIPTION OF THE EMBODIMENTS

[017] Fig. 1 shows a solar cell 11 comprising a p-doped silicon substrate 13. An
antireflection coating 17, e.g. of SiN:H is applied to the front side 15 of substrate
13 and a not shown passivation of the underlying substrate 13 has taken place.
Onto the front side 15 have been applied contacts in trenches in the antireflection
coating 17 and comprise a lower nickel contact 19 and a silver contact 20 applied
to the latter. The corresponding trenches in the antireflection coating 17 for con-
tacts 19 and 20 can be produced by etching, or alternatively by mechanical work-
ing or laser machining. The nickel contacts 19 can be applied by so-called elec-




tro-less plating, whereas the silver contacts 20 can
be applied in a LIP process.6Contacts 19 and 20 are
linear and are placed directly on an underlying
silicon cpating of substrate 13. [18] To a rear side

tro- 'eSQP'%mn%owHer%@ the silygr goskacts| Zﬁnqmntm eppliesinfaddP process.

Contodteel o6 28 70 Ty 37, B o R A A SR Bt o

coatingbfisubistrate 213. be appl i ed using a screen printing
process or sone other process. Prior to an alloying or
burning into the silicon an internediate drying step

[018] Fam Féé?esuebaéfof%‘d@%@ﬂhh ﬁ%ﬂe%\f‘,% Lrﬂﬁﬁ]eigglcﬁ surface field or

furnace, by Trradiating Wlt
aluminjure]|BSk 24e apphedffrmmrebekﬂvato ¢leélsnidorasubstfattg 180 As described

hereinf i%). 1 th@m%ur.f ace- agﬁ) i ed, re or |ess I§Jure
betore ninsalbmEHURLSaR&e poglies) | YYD R BRI REINGING pEpFess or
some dthef PrBEESs. FHEHPALR UIRYINY f KRG mtBQP%tﬁﬁcoﬁ R intermedi-

great advantage is that the AI'S al 0y
ate dryiigistep gansskexdlace. tAbogipgriontamtakée plade in aduraace, by irradiat-

[ eII 11 can be created, which functions
ing W'tmlbﬁﬁg?lbé(sﬁéé{' © 22 even in the case of i ght
|nC| dence. A further advantage is that through the use

al um ni um t he dopi ng in of boron or boron itself ]
[019] leathetfea%ﬁ/@f thel sofaueell Auacenrding 4a fige 1mcth@ sigtacg-applied, more

or less?)ﬂ?gleﬁgvtnﬁf?n%ﬁ%ﬂ %Q&%{tl érgﬁﬂjgi{?ﬁﬂ E‘IweﬁIIICQ&IS removed, ad-

enperatures for

vantagenpslyanaaﬂvetttmgg stept hvhafgr'e@tnaawamagengwabtﬂé NS@E\Ion left in
th transparent, conductive oxid

usi ng it _caonbine
the alupisf-BSE 24 s fansparestandan o way aditasial selsr gl 11 can be
create S REHRACYERs ofthe gl W2 I LUNTTE b 4 B8 [ifsence. A

further advastagmis thalt thrdugadhe uwtﬁdlunﬁdkﬂntthealnmhg innof boron or
he front side 15 or firstly

Ah J
boron 'ﬁeifkégfqg&mgﬁeﬁ%éolha's@ AUITINIGI Gan b8 naEs eastly hangled than
boron, fit&r aﬁa%ﬁ Fi‘rb@b? ?éﬂg:fér‘é?ur%%' f&r é;@% Loagf'd'nAﬁnd alloying in. Yet

manuf actu using an alternative
anotheraadvaefa%ts the abfatemgniidiedspagsibility df using itocdntiided with

silicon subst 113, .nmuch as, descri
transpafgit Gali VR gX1dEs (TERY L8 i GeaeTa| SGeha f 1 can be used in-
stead oPaldrdjien®r opened down to the substrate 113 and
firstly nickel contacts 119 and then silver contacts

120 are applied. Thus, a nickel contact can e.g. be

1020) THRl SRR TPEBS o b e abfAnaRel Bling 26, 1o

said coétZrig QGJHEJ AGam intredide ¢ é@h@d‘ é&vﬁHfé@jéé@él%ﬁﬁﬁ@E‘éame way as
in smal|l areas or lines and not in |arge-area

to the ff@ﬁ'ﬁ side 45 onfirstly, anickeleeeriact 2aadien armsilver contact 30.
application can take place as descri bed herei nbefore.
Subsequently and e.g. followi ng alloying in and nuch

[021] ngi 2ehodad ditdmidtive solaricell 111exfRfgiaRtuldd Bsing an alterna-
um niumis etched away and the smal | areas of the

tive metﬁ'lolﬂﬂ Anantrefleciian eeatingel t i9applied ter a frant side 115 of silicon
substrafE b R Aos TRl L AT oo by SERBPARY by gric-ike pat-

terns or@mwtj dewgn tbthetsabstgater 1 MBI fiestly Widke ! dntabeN119 and then

desgﬁlbed her ei nbefore, firstly a nickel contact
silver coptgCis d20raie aBPling. | Hiker a nickeheoniasican embe applied by

chemlceﬂﬁﬁbtﬂﬁzatwﬁ al um ni um BSF 124 in the solar cell 111
according to fig. 2 is transparent. It is also
restricted to a nuch snmaller surface area than with

the solar cell 11 of fig. 1.




[23] Finally, fig. 3 shows a further solar cell 211,

whi ch once again has a sonewhat different

construction. As described hereinbefore, on a front
ide 215 there is once again an antireflection coatin

[022] éwrgir&ﬂgprmﬁwéepm iop1ip fighdl uigpairear ugacechia@luminium
. . d
s appiieelsoll Y Blinclierdh i at 2 SraU AR i qlidgfot in targe-

area mﬂnmae asf inefiguil nilowkever athid armhirdunpapplicatidmcan take place as
n|u SF 224 and IS aIIo ed into the silicon.

descritig %GF'“ e aventiyeand edcfollawingarllgying g and much as
closortf e 1 MG pLATRIEHAR, IR Gty and the

small aﬁeaslaﬂlthg alonfingsn back s@rfacarfidly 24 alremneﬁtli Umacbatkapplied an-

tireﬂecé%ro col,g\agfl }&Egl e Itggt lé‘li'f%glﬁ?‘aéggﬂ?z E'Hp Or%tggcr@agﬁdor the
latter lss@béﬁeé eé'g% We@éhlﬁb%r %écﬁa?ﬁ@é%‘?ﬂh%; Tﬁ'é‘ﬁ as described here-

| owi ng the alloying in of the alum iiumfor
mbeforgr ﬁtﬂibﬂ adicke @mmtmqﬁnmm thea toeins iaﬂleg a ﬁllN@” contact 130 is

applied P ARl Ry ohe TP T8 AR el S8 o pCeefting tafig, 2 s trans-

parent.ak is @Ié@¢e§ﬁﬁﬁe§ft05@hmclﬁ shhalldr 8Ggacdidigattfahl Withthe solar cell
sol ar cell 211 can be manufactured relatively easily.

11 of fig2h] Prior to the application of the different
coatings shown in the drawings, e.g. the application
of alum niumfor the alum nium BSF, prior substrate

[023] Rimaliy,fant3 shaws akariplercsdlar Gel .2 B, Swhickodnd@ferjaifdas a some-
be textured and/or etched for o

imzin
what d@a?@wmm'% e ﬂﬁ@cgbﬁddWEbe%f@r en @gwrstoslae 215 there

is once%b%ﬁ Hﬁpurt &%rfl% gd ts%‘F‘? @o%@?h &{érl gé?ﬁécﬁttfﬁ? and upper

silver cenﬂm 2%] I Btoveeger a)n almmnsudaceSZQQZaﬁid hdntittedbairethe manner
the.inventive solar cells described, it is possible

descnbgg hereinhgtares ap 'SPF'PHéa§?§|RJQﬁer%ft%IPmiP'U”T‘rf% q,\}égear or puncti-
form altﬂhﬁYhﬁV@% g S XA G SN hi6 the %h&&w g% g'r,thgoléke what has

bor on r tenperaturés were nee
been dQ&mtheﬂ/hereim)efDre i they pstealalummlurm i< oot rémoﬁdﬁaand now instead

alloying of .al ym niumth erature can be kept |
forms a3piEBERt 15 36 M eh NEkaIECTBHLS BECPHUNG 9aiaT o Or 2 namely
as aluniifiuh$ cAINtAcPR321 Sh& td WHiSR |§ldo;f%'réd %3bWddri difetiddritatt 230. A

material for the substrate. ering as an el ectrical
differengehetwseen solarseelp@ddi of fig.od artdaseieprmm §1lofefig. 2 is conse-
quently HRAt f%(fltowmg the éfloymg in of the aluminium for producing the aluminium-
BSF, the remaining, pure aluminium is not removed and instead forms a replace-
ment for the lower nickel contact. Thus, much as in the case of solar cell 11 ac-

cording to fig. 1, solar cell 211 can be manufactured relatively easily.

[024] Prior to the application of the different coatings shown in the drawings, e.g.
the application of aluminium for the aluminium-BSF, prior substrate treatments
can take place. Thus, a silicon wafer can e.g. be textured and/or etched for opti-
mizing the surface and eliminating saw damage. There is also a phosphorus dop-
ing for emitter formation. There can also be a further method step for the treat-

ment of solar cells, e.g. a toughening.




1. Method for the manufacture of a solar cell (11,
111, 211) with a BSF coating8 wherein to the back
surface (22, 122, 222) of a solar cell substrate (13,
113, 213), in particular a silicon substrate, is
applied a BSF coating (24, 124, 224) through the
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muiti- BRI line SEER MateGaLor $hE ruthtiateor SOl agan electrical termi-
nal is dldd@%bosiiik d ' maéw,nﬁg in small areas is
proéﬁded, t%@égég%§¥%§*g§lsna n%?%%é bei ng | ocat ed
al ong straight lines, which in particular have the
same spacing and to which subsequently |inear,
nmetallic contacts (129, 130, 232, 229) are applied. 3.
Met hod according to claim11, characterized in that TCO
or alumniumis applied linearly to the substrate
(113, 213). 4. Method according to claim1,
characterized in that alumniumis applied in a spread
out manner onto the substrate (13) for a spread out
BSF (24), wherein advantageously the entire area of
one side of the substrate is covered. 10




5. Method according to one of the preceding cl ains,
characterized in that alumniumor TCO is applied to
the substrate (13, 113, 213) by a screen printing
process. 6. Method according to clains 1 to 4,
characterized in that alumniumor TCOis applied in
liquid or pasty from prefefably in the form of

al um nium containing liquid or alum nium contai ni ng
gel. 7. Method accordingCloAI8i ns 1 to 4,
characterized in that the alum niumor TCO is applied
by sputtering, vaporizing, CVD process or alloying. 8.
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the BSF coating (24, 124, 224) being transparent for light,
characterized in that following the alloying step into the
substrate (13, 113) solely aluminium not alloyed into the

substrate is removed.

2. Method according to claim 1, characterized in that
aluminium or TCO is applied to the substrate (113, 213) in
punctiform manner or in small areas, wherein
advantageously a local production of several BSF's (124,
224) in punctiform manner or in small areas is provided,
these points or small areas being located along straight
lines, which in particular have the same spacing and to
which subsequently linear, metallic contacts (129, 130, 232,
229) are applied.

3. Method according to claim 1, characterized in that TCO or
aluminium is applied linearly to the substrate (113, 213).

4. Method according to claim 1, characterized in that
aluminium is applied in a spread out manner onto the
substrate (13) for a spread out BSF (24), wherein
advantageously the entire area of one side of the substrate

is covered.




11. Method according to claim1 or 9 to 10,
characterized in that follow ng al um niumrenoval a
passi vati on takes place and then an antireflection
coating (26, 126, 226) is applied to the rear surface
(22, 122, 222) of substrate (13, 113, 213). 11 12.
Met hod according to claim110sr 9 to 10, characterized
in that following alumniumrenoval a p-n junction is
produced by the diffusion of phosphorus into the
licon of the substrate (13, 113, 213). 13. Method
ncoBr d nyethod mccerd tngetq)pé@e@rﬁ the Regesing claims,

subst r ardaigtelizédh thaf afidifigh Bt TEGRR deifief{itd e
i n partisubstraten(13,rt3 U2 ¢3) birapsgieempentinggdoseisson

coating (26, 126, 226) down to the substrate, in
particular by a screen printing process w thout
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7. Method according to claims 1 to 4, characterized in that the
aluminium or TCO is applied by sputtering, vaporizing, CVD
process or alloying. |

8. Method according to one of the preceding claims,
characterized in that the alloying of the aluminium into the
substrate (13, 113, 213) or the substrate silicon material
takes place through heating which is separate from
aluminium application.

9. Method according to claim 1, characterized in that all
aluminium not alloyed in or not alloyed with the silicon

material is removed.

10. Method according to claim 1 or 9, characterized in that the
aluminium is removed by etching.

11.  Method according to claim 1 or 9 to 10, characterized in that
following aluminium removal a passivation takes place and
then an antireflection coating (26, 126, 226) is applied to the
rear surface (22, 122, 222) of substrate (13, 113, 213).




12.

13.

14.

11°

Method according to claim 1 or 9 to 10, characterized in that
following aluminium removal a p-n junction is produced by
the diffusion of phosphorus into the n-silicon of the substrate
(13, 113, 213).

Method according to one of the preceding claims,
characterized in that the aluminium is applied on the
substrate (13, 113, 213) in prefabricated structures, in
particular in structures through an antireflection coating (26,
126, 226) down to the substrate, in particular by a screen
printing process without subsequent aluminium removal.

Solar cell (11, 111, 211), characterized in that it is made

from a substrate (13, 113, 213), which is treated with a
method according to one of the preceding claims.




