1 Method for the selective doping of silicon and silicon substrate treated
therewith 5Fields of application and Prior Art The invention relates to a
method for the selective doping of silicon of a silicon substrate in order to
produce a pn junction in the silicon. Thislmethod is 10 required for example in
the production of solar cells. The selective doping of the emitter of silicon for
the prodidioun ¢oa PRHENSEOR dt sY08d6 11580dP 18ANro¥erthend silicon
contact-making and congyctiop Rropggties in1solar jechnology. The
efficiency of solar cells cambe Mcreased by means of 1S process. Laser
technologies wherein the doping medium diffuses into the silicon by means of
ahigh-energy lasef beb@df hafeanelictahi beeAnd RIFfEP th@ Broduction of
selective emitters. Other 20 methods are based on the plasma etching of
high%ﬁgp%@g}{@g@n The regigns injwhich tbehigh ¢oping &ln@gﬂggtw%e
retained are masked heforehand. ong example of further methods fs U
5,871,581, Wherein In prlncllple?he regions in'w ich the |n.it1|allyqn| A .
dopingrisdntehded B be rétainkt aftet etching®are-GStallymaskderthod 1s
lithographicalyl These rethods therdforecremove eothimfayerlasuakyl Ls .
100-200 nm thick, having a high doping near the surface, in order 30 to
obtain 4 selective eqitter distributien. Pne disadvantage of these methods, .
however, is that the etching of the surface has to be effected very precisely in

orderHt 8 Briry abBtit &sighiificart 1653 I the effitiehty Bt theSsoldf TRlls th

the cagwrove the contact-making and conduction properties in

15 solar technology. The efficiency of solar cells can be
increased by means of this process. Laser technologies
wherein the doping medium diffuses into the silicon by
means of a high-energy laser beam have previously been
used for the production of selective emitters. Other

20 methods are based on the plasma etching of highly doped
emitters. The regions in which the high doping is

intended to be retained are masked beforehand.

One example of further methods is US 5,871,591, wherein
25 in principle the regions in which the initially high
doping 1is intended to be retained after etching are
usually masked lithographically. These methods
therefore remove a thin layer, wusually 100-200 nm
thick, having a high doping near the surface, in order
30 to obtain a selective emitter distribution. One
disadvantage of these methods, however, 1s that the
etching of the surface has to be effected very
precisely in order not to bring about a significant
loss in the efficiency of the solar cells. In the case
35 of laser—aided technologies, there is likewise the risk
of severe damage to the solar cell surface, which is
why this technology is also used only very occasionally

in solar technology.



35 of laser-aided technologies, there is likewise the risk of severe damage to
the solar cell surface, which is why this technology is also used only very
occasionally in solar technology. 2 Object and way of achieving it The
invention is based on the object of providing an 5 initially mentioned method
as well as a silicon substrate treated therewith whereby problems in the prior

art can be eliminated apgettpakisuialy asefficiens andqgeagily practicable
method for the selective doping of a silicon substrate can be 10 achieved.
This object is achieved by means of a method comprising the features of

Claimt T%s WeiFas 8ilicoh Sbsiate Conipiisiitticfealtire bPEIAMT. 27
Advantageousland 15 preferest cosfigunations of #relihvention are specified

in thesfulsther ctaims asdtare egtplahf@ﬂiimmareeieiaﬂ’ bqi@Wbanaffl’.ﬂ.S case,the
someof;the features. are rB@”“QE‘?ﬂiQ{H%%W the methad opthe silicen  an
substra%tg but are Intggded to ea pllcabletlngggfgdem‘l%}jhoe({eof té))r/all %%e

aspects oFthé iivention. Thewor ng bf the claims is IncorporatedS

expressieférerice inlthe Banteft of the deseéription. Fitiierhtore, thedhordify
of theaphiortyeapplication DE 102008019402.6 of 14 April 2008 in the name of
the present applicant is Incorporated by 25 express reference in the content

of the preseny deseription; the methad has the following steps aceording,to,

the invention. In a step a), the surface of the silicon or 30 of the silicon

substrée i& LdEEE Witha S&Séﬂltv%hlﬁﬁ well as a silicon substrate

comprising the features of Claim 7. Advantageous and
15 preferred configurations of the invention are specified
in the further claims and are explained in more detail
below. In this case, some of the features are mentioned
only for the method or the silicon substrate, but are
intended to be applicable independently thereof to all
20 aspects of the invention. The wording of the claims 1is
incorporated by express reference in the content of the
description. Furthermore, the wording of the priority
application DE 102008019402.6 of 14 April 2008 in the
name of the present applicant 1s incorporated by
25 express reference 1in the content of the ©present

description.

The method has the following steps according to the
invention. In a step a), the surface of the silicon or
30 of the silicon substrate is coated with a dopant which
is based on phosphorus or contains phosphorus. By way
of example, this is a solution composed of phosphoric
acid. In a step b) afterwards, the silicon substrate is
heated, as 1is the dopant, in order to produce
35 phosphosilicate glass from the dopant on the surface.
In this case, phosphorus 1is simultaneously diffused

into the silicon as first doping of the silicon



is based on phosphorus or contains phosphorus. By way of example, this is a
solution composed of phosphoric acid. In a step b) afterwards, the silicon
substrate is heated, as is the dopant, in order to produce 35 phosphosilicate
glass from the dopant on the surface. In this case, phosphorus is
simultarisously diffused intothessitigon stfirssdapipg ©f thessilicon 3et by
substrate. Jheintensity-ef thisideping.can be setdbynthe-duration and
temperature of the heating. In a subsequent step c), a masking is applied to
the 5 phosphosilicate glass on the surface of the silicon substrate. In this
case,ﬁﬂe MaSking EappliedlifBubh a aythat it tovers tABsubERquéntly™e
highlypHepedaegibrsesithedsitieen substrate. Ifva SabsequentStep @) theon
phosphesilicatecglass is removed &) than20mosikmasked regionse Aftetwatds
in turn, inﬂﬁ?r_ySteQ@t the maskingis re{H@Vng&@&QsM@C%%m%_ doped
phose@osllll%aste %astsﬁeln gistuibsoequg%sf af‘z,ethe SnI|ICa0n slﬂabssetral}g il h(seﬁted
anew in drder to bring abou a?urr%her indiffusiori ogphosp%orus om the BY
residddl’phosphosifitaPglassinterihe siftst This s the¥eR6Hd doging bfe
1he siticonsabstraterinasraes to producesthéshighly deped regions.dhdhe ) ,
regions ¢hatrarefker;of pRosphasiieade glassm onlynthe camparadivelydow: ne
phosphorus, doping near the, surface 20 serves as.a segendary. doping squge
for the deeper diffusion of phosphorus into the base material. In'a further,step
g), th& rénfaifting PRESpRGSIlicate glass&fld AR Skide"on the Weakly d&péd?
regioA® & also comipletaly rerdovied froaNthe Siliconcsiidstrate. Thi®ps the
Trocethre not Dniyrgenerally provides giselectivetdopirtgeof @igilicon . This

substratewith bighly, doped regiops thaican form,emitiers.of 4 solap celldtis

primarily also possible to pravide a etho%which rovides suitable .
prodchon o7 roiooting of Scof subbited o orz- A AR regions

that are free of phosphosilicate glass, only the
comparatively low phosphorus doping near the surface
20 serves as a secondary doping source for the deeper
diffusion of phosphorus into the base material. In a
further step g), the remaining phosphosilicate glass
and the oxide on the weakly doped regions are also
completely removed from the silicon substrate. This
25 procedure not only generally provides a selective
doping of a silicon substrate with highly doped regions
that can form emitters of a solar cell. It is primarily
also possible to provide a method which provides
suitable production or processing of silicon substrates
30 on a large scale. The method can primarily be carried
out 1in a continuous-throughput apparatus. Complicated
technology such as lasers or plasma etching sources can

be obviated.

35 In a further configuration of the method according to
the invention, the phosphorus-based dopant can be a

solution containing phosphoric acid.



30 on a large scale. The method can primarily be carried out in a
continuous-throughput apparatus. Complicated technology such as lasers or
plasma etching sources can be obviated. 35 In a further configuration of the
method according to the invention, the pfiosphorus-based dopant can be a
solutidn containing phosphoriccacid. 4aA priatinguteetinoldagy caadiel usedthe
toapphy the maskingtothesiliconsubstrateandthe phosphgsilicate glass forned

theregp,, l?k?'o% ngaleGCt%qg%thr by, means of sereen prigting or ., ,

b
alternatively by means of so-called inkjet printing technology. In this case, the

maskﬁ%%ﬁl%ﬂ cofiprises a Wax of FédiSt, fotexafpiE S apphiéd i r)i%wdod?
pastyXbrnry? measyof Bvmetisad eorreispoitting 16 tHat bis&d $it soredlieding
inkjetqarinters. Aydesired atasking:@ cantiberebydienproducedibatbivery ses

aCCU@t%AQnQEaQIQQ&%@d oygr.alarge area. By ”é%l%@&thﬁqmﬂ cfl or
contact can t be roduced for erxample at}l\’11 a hlghly doEed r con lEh
emittér, J;ﬁ'ereln the s%lar Tells ?ormedmt‘)y & silicon substrate gi’he%l }Ty
dopeb‘%%dre@i‘%)@arl%é%ﬁse&‘ restft G the*dotbrrdopidy SifesiiconaPhang
dopingeean beeffscted evenpmorgiltensely primardlysin step freftthéysecond
doping=ky means.ef alenger duratjen of actionprienger beating.s method,
Consequently, the doping can 198 ’F?B)ﬁ&'@%%?’ higher in, 20 the highly 99?&‘%

region than in the other, more lig d regions. In order to remove

phosplt&sificate g?é)é)ﬂﬁcfhévr?oneﬂfats?%ﬂ reﬁ%%elh ACCOTdArCE With Step ¢
an 25fetehity pRocess€an pelised: By wWasfobésample) HF tbasetyetchimyd
Bolutioas are appraprate hese, bk wthercgiching medialare &led pgssiblet he

This can begffecied eifhgr %OB%rPr%%e%sﬁ@@t%rdine@zQW ralityof steps, ¥\étﬂ/

different.chemicals. 30 A co |nuo rou pparatus or carrying o
the method ca% comprlsﬁ\a 3 n%uraﬁ%y otF %% nthis cgse a pl%%/aﬁ?y o# the

stepsléﬁi%éssubﬂpa%%lﬁélcarﬁéd ouE it bAB moaa|e ARBAZENtal Neating -

Consequently, the doping can be many times higher in
20 the highly doped region than in the other, more lightly

doped regions.

In order to remove the phosphosilicate glass in the
non-masked regions in accordance with step <¢), an

25 etching process <can be used. By way of example,
HF-based etching solutions are appropriate here, but
other etching media are also possible. This can be
effected either in one process step or in a plurality
of steps with different chemicals.

30
A continuous-throughput apparatus for carrying out the
method can comprise a plurality of modules. In this
case, a plurality of the steps can possibly also be
carried out in one module. A horizontal

35 continuous—-throughput apparatus on which the silicon
substrates are conveyed and treated in a horizontal

position is particularly preferred.



35 continuous-throughput apparatus on which the silicon substrates are
conveyed and treated in a horizontal position is particularly preferred. 5
These and further features emerge not only from the claims but also from the
description and the drawings, wherein the individual features can be realized
in eadinease bydhemselizes orf as ayplaraliydn tre foom ofbrdubcombinatibrs
in an emhediment of the,inveption aadde @él’ﬂqrpﬂg@ﬁ a@ﬁoﬁaih_%oﬂﬁi&wtﬁngs ,
adva%@eggﬁ&‘é aél%'”!‘ﬁé%@%@é‘ite%aabé%re bodiments for wh '%‘dp rotection,

is claim ere. The subdivision of the application into sub-headings and

individGafsedbord 688§ hot 10 Péstrct the denEralvaidity of Siifeni@Ad ©F

madeshéeunderaBiief description effrreddregvinge s the invention and

Anexemplatyemboglimentofthetnventionis schematically Histrate@d suthe and

d raWi{‘Sﬁ&%@l%xR@iG@QéE‘éB%e gﬁ'&%‘d‘i@r@}ﬁ“t Inthe dWiE‘HSpﬁ%W@&Ji i}

6 show method stgpzqa) tog)ona S|I|%oc[1i\sftibstrate gog th@qgroduction olia
[

solar cell. 20°Détaile aégérip ion of the exerﬁﬁ%{}y embo mer?tpﬁgﬁ?ea Hon

lllustraféLa st saH<RrER 1 20 which a dopant hasederPapplied aver 2°t
large mredain accordance 5 with stepra) andtstep b¥. This dopaat 2scontains
phospherisRids based on phosphorus and is for example a solution
composed of phosphoric acid. Furthermore, phosphorus is indiffused from
the dopant 2 into the silicon substrate 1 or the tqop side thereof by heating 30
in a manner not illudtFat8H IS GFEAER HeBil Xbr BXEnTFB ' &Rliant heaters or
the like. A lightly doped region 3 has arisen as a result, which is illustrated by
1he cross haiekingl 3byFigurenBdliusteates howf a masking 4i isvappliechto thes

top siderQi-the dopant 2 injaceordance with,step g). This masking 44s applied
by means of annkiet printing tecnology in e manngr desgribed above and
figures 1 to 6 show method steps a) to g) on a silicon

substrate for the production of a solar cell.

20
Detailed description of the exemplary embodiment
Figure 1 illustrates a silicon substrate 1, to which a
dopant has been applied over a large area in accordance
25 with step a) and step Db). This dopant 2 contains

phosphorus or is based on phosphorus and is for example
a solution composed of phosphoric acid. Furthermore,
phosphorus is indiffused from the dopant 2 into the
silicon substrate 1 or the top side thereof by heating
30 in a manner not illustrated in greater detail, for
example by radiant heaters or the like. A lightly doped
region 3 has arisen as a result, which is illustrated

by the cross hatching.

35 Figure 2 illustrates how a masking 4 is applied to the
top side of the dopant 2 in accordance with step c).
This masking 4 1is applied by means of an inkjet

printing technology in the manner described above and



6 advantageously runs largely inthenarrowtracks lllustrated, though other
masking patterns are also possible. These tracks of the masking 4
correspond to the desired highly doped regions, which will be 5 discussed in
even more detail below. Figure 3 illustrates how, in accordance with step d),
the depant2 awhichsias been coavered into phosphosilicaterglass aftenthies
heating inaceardance 1Qwith figure dr-and step By, has besrremayved a1so

wherever it bsl%g t°[9n§£%d by the masking. 4. Gonsequenty, essenuall }ééheco

surface of the oped region 3 of the silicon su Strate 1 is uncovered

Corre%%nd%%ﬁf&%e&“ﬁé‘gl?&ﬁs of fREPhodpHbsitine 184158s 2 il P
preseht beneath! the nvasking 4r Asdistifustrateddn Figure 4, the masking 4 is
subsequently removed in accordance with step e). While the phosphosilicate

9'355%9% remaqued, QW‘A’% £iching, 20 in, 5t§@c®r‘@a@f&°r%@§? ‘@%Qﬁ'gﬂr)e
3,a m Ies?s agg](:' ssnée soluthon guffl%s for rgmovmg the ma k| g4.

Flgure illus ow, ‘i accordance with step?) 25 hosphorus |nd|ffLuses
anemﬂﬁ&?ﬂ@émééﬁ%%st?alt‘ésf byi‘iféﬁéwetd“ﬁeaﬁﬁ@tﬂ‘ﬁ& the nBRANTCEVETEd

Phosphigsilidateuglass 2amith atfermicorrésponieg: to the maskiig ddhiat was
applied anchsemoved-again. The phosphorusskamdthe phosphiesilicateglass
2 forms &.30 nayray region.with g form.correspongding, o tQ%&é‘c?SQQ%%'Hﬁat%

glass 2 in accordance with figure 4 or the masking 4 in‘accordance with

figure®2. It is dlSo the Case Horeovar tHALR the IlgHtIy doped rediBR % 6F fie:
Smcoﬁ%ﬂb@ﬁ@ﬁ?qlﬂﬁﬁﬁsﬁ¥§3¢@s§@ﬁgamvs of the phosphosilicate
15 glass 2 are still present beneath the masking 4.

As is illustrated in Figure 4, +the masking 4 1is
subsequently removed in accordance with step e). While
the phosphosilicate glass can be removed by HF etching

20 in step d) 1in accordance with figure 3, a much less
aggressive solution suffices for removing the masking
4.

Figure 5 illustrates how, in accordance with step f),
25 phosphorus indiffuses anew into the silicon substrate 1
by renewed heating from the now uncovered
phosphosilicate glass 2 with a form corresponding to
the masking 4 that was applied and removed again. The
phosphorus from the phosphosilicate glass 2 forms a
30 narrow region with a form corresponding to the
phosphosilicate glass 2 in accordance with figure 4 or
the masking 4 in accordance with figure 2. It is also
the case moreover that in the lightly doped region 3 of
the silicon substrate 1, that is to say essentially
35 over the whole area, phosphorus is diffused from the
region near the surface into the silicon substrate 1
somewhat more deeply than is the case after the first

diffusion step. In the lightly doped region 3 and in



35 over the whole area, phosphorus is diffused from the region near the
surface into the silicon substrate 1 somewhat more deeply than is the case
after the first diffusion step. In the lightly doped region 3 and in 7 the highly
doped region 5, thephosphorus concentration decreases from the surface
into thébase phateridlomdereindherdoping-depth can indeed diffehdsihorus
aCCOfQ&%}édM%@R%gh@éri&ili:léﬁraﬁ%rin ﬁﬁ@res@ﬂhgcr@mﬁﬁ!ﬁiﬁgthe base
phospiosiicale dlgss 2.15.plsp Lemoved, aduapiagentisly.again By 1,
etching. A thin layer with an oxide in the wea ly doped region is likewise
removed during this step. The silicon 10 substrate 1 in accordance with figure
E°is tHen prssertavits ategiors3 dightly dopedicvet the siclessteanThe Higlsly
doped regions 5 manin thisiighthhdeped segiore3 @andgosmsthe2  is  also
!OW'irEQﬁQQBB‘? e@gi%(r%a%égffﬂk‘?d cgataet grid imA salagcell;15 The ;s
mvenggn ernatarlg a sg!jectg/gi %pln.%of ngelllcon su straﬁﬁg t% ge ggectoed bys
means.gfem.etho S which are readify con rollagFe fechno ogically ar%lw%.ich
can all'fetarifed ot EBAtinUGES faShiorr1t &5 thii 2B posdibfe bySway ot
Exampleyas-déscribed) te proddee @econitatt griddora soliay celler8 Clainmst
1.Methoghfor the-gelegtive dopingiof siiganobadcsilieen substeate(d) forthe
produgtion;of a;ppunction in,thessilicon, Gorpprising the folowing.steps;,; o,
a)Coating of the surface of the silicon substrate

3 and form the low—-impedance emitter or a so-called

contact grid in a solar cell.
15
The invention enables a selective doping of a silicon
substrate to be effected by means of methods which are
readily controllable technologically and which can all
be <carried out in continuous fashion. It is thus
20 possible by way of example, as described, to produce a

contact grid for a solar cell.



(1) with a phosphorus-based dopant (2), 10 b)subsequent heating of the
silicon substrate (1) in order to produce a phosphosilicate glass (2) on the
surface of the silicon, wherein phosphorus simultaneously diffuses into the
silicon as a first doping (3), 15 c)applicatfonofamasking(4)tothe
phosphosilicate glass (2) in such a way that the masking (4) covers the
subsequently highly doped regions (5); d) xgmoval of the phosphosilicate
glass (2) in the 20non-masked regions, e) removalofthemasking(4)fromthe
phosphosilicate glass (2), f) renewed heating for the further indiffusion of
phosphorus frémthe Bﬂ%s?f‘rﬂ?siliﬁﬁlleeﬁrajs%e(zﬁ?ﬁé D8 hasilitdn 88 8ecdhd 2
dopingifbr tve preéddetiorr ofthel highly dopethegicrse B)c gl eompsiéte @ pn
removahefitherphasphosilicate; glassd(2) anddheraxdde drom ke siticOhowing
Substga ). 30 2.Method according to Claim 1, characterized in that

thephosphojus:based dopant(2)isasqlution comprising phosphoric acid.
(1) with a phosphorus-based dopant (2),
10 Db) subsequent heating of the silicon substrate (1) in

order to produce a phosphosilicate glass (2) on
the surface of the silicon, wherein phosphorus
simultaneously diffuses into the silicon as a
first doping (3),

15 c) application of a masking (4) to the
phosphosilicate glass (2) in such a way that the
masking (4) covers the subsequently highly doped

regions (5),

d) removal of the phosphosilicate glass (2) in the
20 non-masked regions,
e) removal of the masking (4) from the

phosphosilicate glass (2),
f) renewed heating for the further indiffusion of
phosphorus from the phosphosilicate glass (2) into
25 the silicon as second doping for the production of
the highly doped regions (5),
g) complete removal of the phosphosilicate glass (2)

and the oxide from the silicon substrate (1).

30 2. Method according to Claim 1, characterized in that
the phosphorus-based dopant (2) is a solution

comprising phosphoric acid.

3. Method according to Claim 1 or 2, characterized in

35 that the masking (4) is applied by means of a printing
technology, preferably by means of a so-called inkjet
printing technology.



3.Method according to Claim 1 or 2, characterized in 35 that the masking (4)
is applied by means of a printing technology, preferably by means of a
so-called inkjet printing technology. 9 4. Method according to
anyofthepreceding claims, characterized®in that a contact grid of a solar cell
is protlucedMhierelsy, whereindhegsilicow sabsgtrateqf) formisethe splarwelling

whereindhgdyvice dopeda-regians 5)-ofthessilican e highlyideped agg ar
therefore haye low im c%%ﬁ‘%?e%%%"”%%%% a.contactregion, of 2%%%%'%

cell. 5. Method according to an J;zﬂece Ing claims, 10 characterize

that tHé rentdlof tﬁ@%h&%ﬁ%llléﬁé as¥ lff)r%lfﬁe hBf-maEkEG reaﬁﬁ%d
it acewrdante with stepod) isteffected bydstehing: preferablyyHF ¢elsidg. 254
6.Methosaceordingdoanyof thenpeecediag eladms, characterized incthat dtds

carried.QuijR & eopfipugus-throughput apparatus, preferably in a horizontal
continuous-throughput apparatus.

5. Method according to any of the preceding claims,
10 characterized in that the removal of the
phosphosilicate glass (2) in the non-masked regions in
accordance with step d) 1s effected by etching,

preferably HF etching.

15 6. Method according to any of the preceding claims,
characterized in that it is —carried out in a
continuous—-throughput apparatus, preferably in a

horizontal continuous—-throughput apparatus.



