1 DESCRI PTI ON METHOD FOR THE PRODUCTI ON OF A SOLAR
CELL AND SOLAR CELL PRODUCED USI NG SAI D METHOD FI ELD
OF APPLI CATI ON AND PRI OR ART1[001] The invention
relates to a nethod for the manufacture of a solar
cell with a BSF (back surface field) coating, said
sol ar cell advant ageouBlESESHPTIIOMg silicon or
silicon substrate, as well as a solar cell
manuf act ured using such a nmethod. [002] The
METHODaEOR §HE RRODWVETION @F #05DLARI CELLVANERS@LAR CELL

sequence of proc- ess steps escr i ummary form
herei nafter. ﬁ%%??@yﬁﬁﬁé g@"ﬂq@g—lj&@%
nono-crystalline or polycrystalline p-Si vvafers whi ch
are surface-textured by neans of an etching process
FIELDtOFi ABPOAE ATHONBINDPPRIORBARNErti es. In the case of
nono-crystalline silicon said etching process is
performed with a m xture of so- dium or potassium

[001] TﬁgrlﬁﬁéﬁﬁoﬁQbiﬁtbgr’toVé hhethtRPfRRKE rﬂbﬁ%&&ture of a solar cell with a

ol ycrystalline sili- con is etched a solution of
BSF (trqak stiffaceificldhdoatingi sawbsalarraailtaté\raratagmu@ly comprising silicon

or siicf S5 b rE AT PR eh SO Lo AU G5 R sty et
the foll ow ng dlfoSI on process. In said process a p-n

unc- tion in silicon is produced by the diffusion of
[002] Jﬁh@gpaou@cme of @eponventiappl sxlar oedlrisvgIvessageapance of proc-
ess steﬁf hQégbcr[ﬂ &Bfglﬁ{:rlﬁ%gf tfcf)]rlf‘ﬁ hcé}@f@aeft L’Eh? adi rgﬁgugﬁy provided

n-junc

by moﬂﬂ@&ir?ﬁtéllm@r@prp@lwas@luné@&wlafe%Qﬁhldm aré Sunfm:e ietxtured by
presence of a phosphorus source, usuall

t he
meansw&@ureéchmg afp%ﬁﬁetmnem\(ﬁ th ab?ﬁ@%@ﬁﬁé?ﬂées- In the case of
mono-B!f}}%‘féﬂlﬁteeﬁhégﬁ id! ‘E&rﬁ § otidss lgg?erf&'?ﬁéa |"tHSa' ﬁﬁ?ﬁ:ﬂ'e of so-
coat | nduct1 v t he

IS Regatt Vel ose
dium qvcpzjtassminy hymommi sale:tlhmrwnhdeppnbmdsaécolhol t F?io@crystalline sili-

con is Biiad willh B an CR e HDNRT ird BRECRPids drNGenEtahing-
cleanlﬂf seéugﬁggﬁwgﬁ %ggfﬁ)lk‘ﬁlge%l tisﬁgabr;tkbrﬁr%?dé arP8plififndrepara-
tion of the surface for the following diffusion process. In said process a p-n junc-
tion in silicon is produced by the diffusion of phosphorus in a depth of approxi-
mately 0.5um. The p-n junction separates the charge carriers formed by light.
For producing the p-n junction the wafer is heated to approximately 800°C to
950°C in a furnace in the presence of a phosphorus source, usually a gas 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-
guently to the silicon surface is applied a roughly 80nm thick coating, usually
comprising SiN:H, in order to reducé 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.



conprising SiNNH, in order to reduce reflection and
for passivation. Metallic con- tacts are then applied
to the front side (silver) aBd rear side (gold or
silver). In or- der to produce a so-called BSF (back
surface field), advantageously of alumnium in said
process part of the alum niumapplied to the wafer

I [ loyed into the silicon in the
PROB%N@“%%’?HTS?& ep. 2 PROBLEM AND SOLUTI ON [ 003]
The problemof the invention is to provide an
af orenentioned nethod and a solar cel] manufactured

[003] { herrsnbiem qhiheninyeation is tooPravide anmafoienetienes gisthod and a
solar dgjlfrptg'ﬁ%fgéﬂug%d gﬁér fih | iéh bPe BB k& W\Did the disadvaratages of

I enc solar cell can be further in- creased.
the pripb a4 aiidiveheneoinl particulaothee éffipjeacyref losblaaceligcarnbe further in-
features of claim1 and a solar cell having the
Crea"sei’cgatures of claim15 . Advantageous and preferred
devel op- nents of the invention formthe subject
matter of the further clains and are ex- plained in
[004] Fhimpeebldm i solveddvyaf mathodyhaming dke festuresmefeclaig 1 and a

rdin the, cl ai LS de,i,nt o, t he conten f e
solar o iafifodhe dPRB RSO PaITHLE mopEveBpakp s Abgdbreforredevelop-
ments IFtREGAGEN TGS foBh dhB%s Wjebhmadtteérost the RirtHercahirms dXd are ex-
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plained ppdireatar defaitdwreinafter. hBy wress referemeepiheswerding of the
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that _firstly alumn- iumor a TCOis applie

d
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descri[.j)t?oﬁ‘.! | oyed into the substrate and the resulting BSF
coating is transparent or does not give rise to

shadi ng. The advantage of this manufacturing nethod
e

10051 BiSel e B3 ashon + MSF odlds Gabindd g SBepide of 2 so-
lar cellgég.%: ,tr%%'t’ mﬁé"?ﬁgrbéﬁs%ﬂy%o?ﬁp%idgr §ifebat ffafviayth&eEfirstly alumin-
ium or a TCO is applied to the substrate. Subsequently aluminium or part thereof
is alloyed into the substrate and the resulting BSF coating is transparent or does
not give rise to shading. The advantage of this manufacturing method and the
BSF produced therewith is that it is also possible to produce bilateral or so-called
bifacial solar cells, which can also be irradiated from the back, without the BSF
giving rise to shading. In particular, in this way both large-area and also small or
local BSF can be created. It is also possible to use different application processes
for the aluminium or TCO and these will be described hereinafter. Finally, such a
method is relatively favourable and as a result favourable cells can be produced
compared with other highly efficient solar cells. Through the use of aluminium in
place of boron for the BSF, a much more favourable and easily controllable proc-
ess can be used, inter alia in that the alloying temperature for aluminium is much
lower than for boron and is in particular 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.



giving rise to shading. In particular, in this way
both | arge-area and also small or |ocal BSF can be
created. It is also possible3to use different
application processes for the alum niumor TCO and
these will be described hereinafter. Finally, such a
nmethod is relatively favourable and as a result
o)
[006] Lna& c?g\?e%‘ﬁlng&et t@%ﬁg?@g@ﬁﬂ%&ﬁﬂnuﬁﬂ'& €6 thh'hbpBlied in

punctlwrmrbﬂ sivali arepfaee tofthbsubistiae drhse r&&Fsudasedf thersubstrate.
favourable and easily controllable proc- ess can

Thus, ge¥aralibpkcan bg Rredusgd IpHRUREYT eyﬁh@m&raﬁwe@bweas Ad-
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al um nium or TCO can puncti f orm or

are subsefiuently appdies, ttogt hénmm:knr@uluebpr gonehbinationsdberesf.
the substrate. Thus, several BSF can be produced in
punctiform manner or as small areas. Ad- vantageously

[007] HhassbrAeivial diffefsTitl dedslepineatiteof eAine@nfibdntie apisiscation of
which in particu- |lar have the sane spacin They are

alumingirst tex thiel wbﬁpateeandrther@fqmrth@rpr@dug igpj of @ &S éﬁqpnductlve
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I's po
Here agjain Iltnlsm?d\iarﬁabébu@ iPEite $iakd drenesralletta@ladndchavatias tseame spac-
are subsequently applied, e.g. of nickel or silver or
ing frogbRPERAGHRE t hereof. [007] In a sonewhat different
devel opnent of the invention the application of
alum niumto the substrate and therefore the
[008] br gpdtiahotiverainoalifiRsF dev etoprahectt iofeheeineaﬂtiémalmlmmmﬁﬁ can be ap-

can takeﬁl ace in the nner of t ha lﬁ%e d s bed
plied in preal or igtge-alea MaNn§rLohERd G L ang gan in par-
ticular E%'i/é'r kigd etrﬁlrérigaP%Y(fet 'ﬂelssédiﬁ|t§é’cﬂ9“fuh89rrﬁéﬁ’t@ll9rlﬁ)53|ble here to
another. [008] In yet another nodified devel opnent of
provide ldifferardradaiingathiokmesses an doating- thickreess gradieats,drut advanta-
geouslgrﬁjggléaﬁﬁlnurggqrmlry tt}ﬁcIE P;Sa lﬁsrlssa{pdp ledf }\s int gséarsaet &f the above-
described, linearly applied aluminium, here again with the production of a linear
aluminium-BSF, in a following step metallic contacts can be applied and once

again in particular linear metallic contacts.

[009] There are numerous possibilities for applying aluminium to the substrate. In
one possibility it can be applied 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-



ticular cover the entire rear side. It is admttedly
fundanental |y possible here to provide different
coating thicknesses or coati#dg thickness gradients,
but advanta- geously a roughly uniformy thick coating
is applied. As in the case of the above- descri bed,
ing used r%a?qquraﬁs|fpéahg|nﬁﬁ¢ﬂdm applieatigaioh alyminitAe n this way the
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in particular linear metallic contacts. [009] There

re numerous possi bi I ies for ap al um ni
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an al so applie or pasty form e.g.
removadwmhmhulnasmutdueamglldayem intoothe albsiratauor wnichisstily pure alu-

.. gel. Accotrdin nother possi bi | i in, mu t he,. .
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| oying. [010] A heating process can be provid

a bett&rlsma@emteelaptrmahqsnntaﬂmgtami thevapplieatien of eﬂﬁ@tncal contacts,

s only il Bhioded of o BRI RRaPfarhodE i SHCHANER Reeipte tpgemove
all the pinediegeadalapfhiviat i Rdvahtadjaduisly the dldnifiusn Wderided by etch-
process can be better controlled or optimzed for its

ing, asi iftleEd RAIgPse. [011] Fol lowing the al | oying of
alumniuminto the substrate or silicon material,
part of the remaining alumniumis renoved. In

[012] Praatdeudlopment of theahvehtivenmethod, fdlemng@lwmlmlmnmaemoval
not been al|oyed into tg?ésubstrat

or is.s
there qap ke A paspivdtian ahieashof dherear Sid of the &HE?SH?t% Advanta-
geouslg%’i 'a?\glréf‘éétl&ﬁ%o%ﬁng' Igf{fgﬂ@d aétqgastsﬁi the Hﬁékld?ytﬁ@ substrate.
l'um nium can eit étely renoved or, e.
This isqgrarticutarlypedrantage des ifdhesbmsleqxﬁdalme selarcteli tsaalso to be irradi-
tggting and the application of electrical contacts,
atedwctgq[g?ﬁy partly renoved or left in linear form It is
alternatively possible to renove all the unall oyed
al um nium Advant ageously the alumniumis renoved by
[013] Eolowingéhe abave-dasernbedreswoval or partial removal of aluminium, it is

possible when manufacturing the solar cell to produce a p-n junction 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.



[012] In a devel opnent of the inventive nethod,
follow ng alum niumrenoval there can be a
passivation at |east of the bear side of the
substrate Advant a- geously an antireflection coating

lied, at least to the back of the substrate.
[015] ThrE§e| @%éurtheuf@tuyee@@ad@e@@éherad froma the elaips tdrscription
and dr*%g}i@? %g"H %Hvﬁs i |?|giuta? %ﬁ\;té}r égfgir)f fn%ﬁéWrtu]? tl"rqurm n 9f sybcombi-

nations ecaw &de 'mﬁpmmenmwm ahternbodjraest bf ehavm\rlentron and in other fields
manuf acturi ng the solar.  cell to produce }aq@ rl}#unct on
REFIEC]

and caihrepressnt advaniageoys, mdenandanthhBegs ngtructions for
which gréﬂeldtr‘bﬂr‘is &IQ%ﬁ%&d'ﬁerés 'ﬁl\é%%‘aﬁ\ﬁbmrﬁo e Ebﬁ%éﬁbﬁ nfrfdrndrvrdual

ubsequent ding up of electri ca con- tactin
sectiomshanldartie siibhéadmgssinrad evay cesipict thengealeral validity of the state-
abricated structures on the substrate. Such

mentsgeagﬁbeggu% %r especial |y produced on an

above-descri bed antireflection coating, said
roduction taking place nechanically or e.g. by |aser
BRIEFNRESGRIGTION Ofe THESs IRAMYINGSNches it is possible to

i ntroduce alum nium advantageously in the
above-described linear form nore particularly to an

[016] ERtissdivhaststdbiieNinv@nBoh. arth@ebatibed HereMdftemdlativéd ed the at-
not renoved. Ad- vantageously to this is applied a

tached diggrapypgatigsyawdeasiuvhiengin eh@wiri cal contact in
linear form particularly as a silver contact. 5
[015] These and further features can be gathered from

Fig. 1 t hA sactidrs thrdesgtr & golancelhncadufagtogs aodotdiag to a first
i ndi vidual feafures, both si nﬁl y or in the fagrm of

sRwisPment phile invantiye methedwuitl@n ares! alwaupiume hack
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represent advantageous, ependemnt I'y "protectabl e
constructions for which protection is clained here
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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-



[016] Enbodi nents of the invention are described
hereinafter relative to the at- tached di agramati c
drawi ngs, wherein show Fig.61 A section through a
solar cell manufactured according to a first
devel opment of the inventive nmethod with an areal
tro-lesg| plafinguwheiers thergives qandaets 2¢eapupe anpliechinuanlIP process.
Vi V. I Q. evel f o
Contal 1 §iFE0 BT il Yre H1deS TR T cBERAE g Siicon

coatinglofrsubstrateat® surface field, where once again the
pure al um nium has been renoved. Fig. 3 Athird
devel opnent of a solar cell simlar to fig. 2, but

0181 83% Feah SReb2RH R BT AR Rk RERRUBR HRCk, sprfape field or

alumirihowB St 24liarapeidd frbnt bejow foibe silcalopath stidte dSn As described
herein%uksr”%egg;s' Anantireflection coati g;? 17, e'tﬁige()f
FIRT: 'S HPMIY e Famee ledsygi0913 Sefeel iNtiigProgess or

some éﬂfélébr%es%hqmﬂop?égnvé‘ﬁcib)g@%@r Mir‘qt?‘ﬁ% ﬁHé”QiliconésmliSntermedi—

B
substrate 13 has taken p Onto The front sid

ate dryingestbpetamtaie pthcsndoying in caeiake planetina furnace, by irradiat-

. antireflection coating 17 and conprise a | ower nickel
ng W'tggfﬂrgc?r tibhgﬁl&mg'si | ver contact 20 applied to the
|atter. The corresponding trenches in the

antireflection coating 17 for con- tacts 19 and 20 can
[019] bethe casecf the %@Ienmgﬂ_bpcsprcbndp@fm 1, the sedaeeiapglied, more
or s gl 56, BRSO 8 IRy BEGHED 168R0REHFictmoved, ad.

vantaggdidiyngia ehestehing Beesi My gasuttadizntagecianhbe the pliSedlloy left in
in a LIP process. Contacts 19 and 20 are |i.near and
the alyspinigmaBal drrisdransraredn anist this M A bikagial selariceyf 11 can be
crea’te?f mﬁﬂ@ﬁtfﬁﬁ{:ﬁoﬁs')’o.r{w}%g iaerﬁévéhqﬁ tf\% AsSBF ﬂ{;ﬂh{:ﬁ{didence. A
1 an areal alum nium back surface fie or al umnium

furtherBsiivardtage spiblat ¢drdughntie use dfoaluneingirhi thend spingt inadfeboron or
boron ?tg'elfpc‘:sandggcarvlotl)ggd. Thus, aluminium can be more easily handled than
boron, inter alia through lower temperatures for application and alloying in. Yet
another advantage is the aforementioned possibility of using it combined with
transparent, conductive oxides (TCO), i.e. in general such a TCO can be used in-

stead of aluminium.

[020] To the aluminium-BSF 24 is applied a further antireflection coating 26. Into
said coating 26 is again introduced a contact, advantageously in the same way as

to the front side 15 or firstly a nickel contact 29 and then a silver contact 30.

[021] Fig. 2 shows an alternative solar cell 111, manufactured using an alterna-
tive method. An antireflection coating 117 is applied to a front side 115 of silicon
substrate 113, much as described relative to fig. 1. It is separated by grid-like pat-
terns or 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 applied by

chemical metallization.



her ei nbefore, the al um nium can be applied using a
screen printing process or sone other process. Prior
to an alloying or burning info the silicon an
internedi - ate drying step can take place. Aloying in
can take place in a furnace, by irradiat- ing with
[022] Diygrging fipmHbeatiepgesentesion in figiel ctosa rear shefasel 522 aluminium

s oo bobly A8 ke e VRS R B8P g i e

area Mdenéi s aPfigl 9. r N fbr, dte auﬁmrﬁgﬁoapﬁﬁcah@n @an take place as
etching step. The great advantage is that the Al S

descriged cnﬁremefpre tHisganeMLangsFofollavingalpdpend angymuch as
f
descrb AN a1 S5b8Ls 9 8ire L idy 90 it i tno
small a)f;]eds gﬂ’mshab:erEmu?w bléckfsuurldwfleldvm age left. tlhga back-applied an-
thro t he _use of alum njumt [ [
tirefleqiigng aterw fZ%cawele%a mguuwﬁgégqﬁ'ﬁn%#fn gt Bed? or the
latter IF‘H\X% tenp "Ql:ﬁﬂ}doB??ne Mital Wbtrﬁfngﬁ" Tﬁehh%%%cnbed here-

ra ures tor application and-all oyl ng
inbefoietfirstiyat hickehdoatacigt29 anldmhean‘ tor theelatter silver contact 130 is
trans

appliegg | bl | | t' 'Of Eglpaé’ié;mcq%e sola c&g 'Eﬂa'acg% nget?&g 2 is trans-

parentC e @ﬁlslebsﬁ%thate(fE&é%@lfchaérﬁﬂlléi 40Hak8Z2ealthdi®ith the solar cell
al um nium BSF 24 is applied a further antireflection

11 of figoat.i ng 26. Into said coating 26 is again introduced
a contact, advantageously in the sanme way as to the
front side 15 or firstly a nickel contact 29 and then

[023] Eurﬁallweﬁg GoshaRs BGurth@2ddldridsll 21$hwvvﬁcra@n@bt@gmtha@a some-
solar cell 111, manufactured using an alterna-

tiv
what diff¢fiesd constrtationss P@cde%ﬁrltz%hera@mbﬁor% QppI freat %Iéea21 S there
i d
is O”C%lec%'ri’? %g rgti'rl]el‘:‘r e%ftl ﬂ&b?ﬁ@g Zil Sfc%\fv%?%lepar é%ﬂ’[%%?%g and upper
silver gpntact 2RO. uabwd\ﬁémsnoa ba@kraﬂfmmnhadmhmmwmthe manner
and, firstly nickel contact Tc’a 119 _apd then _sil

descr'fe%fimﬁmbﬁer%r%pamm%tah%e és Af eliemimig fea liggar or puncti
form sfy i B8P 524, o 1 BAELERn e Lieph, "ol Shiks what has
been dasdrites héteiabefdra, the pure aluminium is not removed and now instead
forms a replacement for the lower nickel contacts according to figs. 1 or 2, namely
as aluminium contact 232 and to which is applied a lower silver contact 230. A
difference between solar cell 211 of fig. 3 and solar cell 111 of fig. 2 is conse-
quently that following the alloying 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.



is applied solely in punctiformmanner, i.e. in small
areas or lines and not in large- area manner as in
fig. 1. However, the alum ni8m application can take

pl ace as described herei nbefore. Subsequently and
e.g. followmng alloying in and nuch as descri bed
relative to fig. 1, excess or pure aluminiumis etched

[025] grﬂ’ﬁ%' ggg?tdgecge gﬁghpgé%@ﬁnof:?lﬁggeggﬂgbgpgﬂqs %@%’a%htgle to use multi-
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structure is nmade or the latter is opened

. . by .
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s. trans is also éﬂ tricted t

mult-crydIiFiiePRdiASRal B he PR SHCeEEIcsRS @il plecgioal termi-
f apows a further solar

nallis %glolﬁc%lsil%levﬁﬁgﬁé cﬁ@aég%?w rg%mgt sone- what different
construction. As described hereinbefore, on a front
side 215 there 1is once again an antireflection
coating 217, |ower nickel contact 219 and upper
silver contact 220. However, on a back surface 222 and
admttedly in the manner described hereinbefore,
application takes place of alum niumfor a |linear or
puncti- form alum nium BSF 224 and is alloyed into the
silicon. However, unlike what has been described
her ei nbefore, the pure alumniumis not renoved and
now i nstead forns a replacenent for the | ower nicke
contacts according to figs. 1 or 2, nanely as
al um nium contact 232 and to which is applied a | ower
silver contact 230. A difference between sol ar cel
211 of fig. 3 and solar cell 111 of fig. 2 is conse-
quently that following the alloying in of the
al um nium for producing the alum nium BSF, the
remai ni ng, pure alumniumis not renoved and i nstead
forns a replace- nent for the | ower nickel contact.
Thus, nuch 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 draw ngs, e.g.



the application of alum niumfor the al um ni um BSF,
prior substrate treatnents can take place. Thus, a
silicon wafer can e.g. be teQtured and/or etched for
opti- mzing the surface and elim nating saw damage.
There is al so a phosphorus dop- ing for emtter
formation. There can also be a further nethod step for
the treat- nent of solar I e.g. a toughening. 8
[025] In the case of the Imventive solar cells
described, it is possible to use nmulti- crystalline
silicon material. This was previously inpossible,
because on alloying in wth boron higher tenperatures

yer e HS BPFncon Mé}Yﬁé%’PH&MSPcéP 1qub - 211) with a BSF

cry st I ne Si oyl n al um hi um’t
t errpecmmmge, whaerdia tocihie batk smiaaea/\(ZK)OQZ TR) of/\ats’mlar cell
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on the expose | ver cont acts
t he nhG@ mtlme @u@fstrate @t subbequent auc_mngzmlq thetsukstrate (13,

222) 5732181 PSRBF oaRuhg Taf s T3 2241 Rind farifarent for ight

particular a silicon substrate, is applied a BSF
coating (24, 124, 224) through the application of
Al uni Miethedraccpodingota alaigubswhereinaliminisagehCO is applied to

al | oy, e ) F

coat | T sl ettt 5 F1 R gt icytortaretior T SR greas.
Met hogihaesior aldvian tag ed uailynallocah pred Lrnctai»mnsf several BSE® (124,
is applied to the substrate (113, 213) in punctiform

mannef24} in pusgliqrmymanpner QR §m@ Ia@%ﬁ &yécp?dathese points
| ocal o pLQAHCE I B%Irae%%ra% l%ﬁ;gn as |§h t ikéé) whith ) in particular

punct 1'f or m nmanner n srra rovided,
poi nt saveths rsanhe apaxsnd @ncytd Mmredublsquesntlydlrgmr metallic

Hines, it (189PR5b! 5453550y are applied.

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

4. Method according to claim 1, wherein 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.

5. Method according to one of the preceding claims, wherein aluminium
or TCO is applied to the substrate (13, 113, 213) by a screen printing

process.

6. Method according to claims 1 to 4, wherein aluminium or TCO is ap-
plied in liquid or pasty from, preferably in the form of aluminium-

containing liquid or aluminium-containing gel.



have the sane spacing and to which subsequently
linear, netallic contacts (129, 130, 232, 229) are
applied. 3. Method accordindgl@o claim 1, wherein TCO
or alumniumis applied linearly to the substrate
(113, 213). 4. Method according to claim1, wherein
alumniumis applied in a spread out manner onto the

gubst N@tﬁo&?&ycc{rﬁgniﬁfefa‘?ﬁ% QUfs %Sﬁ/h(e%é?n thég?ﬁ{rﬁtd?um or TCO is

advant ageou Ire area of’ one side

substappked by spuiterdag, Gapdringd GéDopicesstar alheying.
the preceding clains, wherein alumnium or TCOis
applied to the substrate (13, 113, 213) by a screen

8r i NtiRFho8'RE&FinPto Uﬁbm_h%cﬁ@(fgd?ﬂ%gﬁ’aiﬁj\%\ﬂﬁeﬂeihc’che alloying
4, wherein alumnidmor TCO 1s ap- pli in liquid or
past yof themalymifiemainty the substfaieri1S 1d131@13)onthe substrate sili-

cont ai_ ni n i gyi.d or al um,ni um,cpntaining. gel . 10 .

et hoto et 91 efaro g Beafhg iflictis seParafe from alu-
al um miniin@ aplfieatisnapp! i ed by sputtering, vapori zing,

CVD process or alloying. 8 Mthod according to one of

the preceding clainms, wherein the alloying of the

[ um gy j t S r . .
Giins el Mt K RIS bF i Brelidind S, yliirein following
heat i g aldgihg stepants e stibetrate Y1 3MnNBYaluminium is removed,
application. 9. Method according to one of the )
pr eced YantagaaHsly gy alyminivm an gininiyy 6RAMNG Er pure

I nto Line BURRE W eﬁ&ﬁreﬂa@%lf‘%#l‘o@w%%%Frﬁuﬁ?ﬁg}’ngﬂoyed into the

advant ageously onl'y afumniu an al'umn

coat i supsiratauisererabvadni um wherein preferably solely

alum niumnot alloyed into the substrate is renoved.

10. Method according to claim 9, wherein all aluminium not alloyed in or

not alloyed with the silicon material is removed.

11. Method according to claim 9 or 10, wherein the aluminium is re-

moved by etching.

12. Method according to one of the claims 9 to 11, wherein following alu-
minium 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).

13. Method according to one of the claims 9 to 12, wherein following
aluminium removal a p-n junction is produced by the diffusion of

phosphorus into the n-silicon of the substrate (13, 113, 213).

14. Method according to one of the preceding claims, wherein the alumin-
ium is applied on the substrate (13, 113, 213) in prefabricated struc-

tures, in particular in structures through an antireflection coating (26,



10. Method according to claim9, wherein all alum nium

not alloyed in or not alloyed with the silicon

material is renoved. 11. Mettbd according to claim?9

or 10, wherein the alumniumis re- noved by etching.

12. Method according to one of the clains 9 to 11,

wher eil 46 2P bAPMY 19 the substiate citoRAIticalla-RY a/sgresn printing
t akes, ol ing (26,

126, BHEEER Mol EoRBaRR LmRGhf PerchBl "5

222) of substrate (13, 113, 213). 13. Method

cor ns .9 .to 12, erein

A5 Dowphg cl OB Pl 2 S5 vihtig i3 e B & Substrate (13, 113,
pr 0dU2¢§) Q/Vhfc?leiscﬂé%ﬁ&i RAthoA m@t'h%%PQ@éé‘ﬁ%ih@ttS dritfof the preced-
n-silicon of the substrate (13, 113, .~ 14, Met hod
accor idhigngjairosone of the precedlng cl ai ms, wherein the
alumn- iumis applied on the substrate (13, 113, 213)
in prefabricated struc- tures, in particular in
structures through an antireflection coating (26, 11
126, 226) down to the substrate, in particular by a
screen printing process w thout subsequent al um ni um
renoval . 15. Solar cell (11, 111, 211), wherein it is
made froma substrate (13, 113, 213), which is
treated with a nethod according to one of the preced-
i ng cl ai ms.



