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35 and multicrystalline silicon solar cells in a single diffusion step. The wet-
chemical wafer etching step here requires masking or screening of the regions
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35 emitters. These preparation methods have aiready been introduced into the
industrial production of solar cells.



WO 2011/ 050889PCT/ EP2010/ 006016 - 5 - A di sadvantage of this process
for the production of solar cells conprising selective emtters is
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3. Local application of the etching mask by ink-jet printing



WO 2011/ 050889PCT/ EP2010/ 006016 - 7 - VI. Screen printing for
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si ntering k‘g 241 Gﬁg") VI1. Edge insulation. 5The wafer is EF&&KaY 0006016
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contacting and an aluminium paste as back surface field and fired (dried by
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35 means of a laser.
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wat er, dri edphesphosilicatengldep dmjeri(B8Gor PBS IAREN)| aykan Gadeilyiag lsticbhvsyer
llayer)30For ihiss ,tgcgggg Ei li- WD 2011/ 050889PCT/ EP2010/ 006016 - 10
- con nitride 1s g e erag?y deposited PE-C;, VD (PECVD = pl asnma

enhanced chem cal vapour deposition). A silver paste is printed onto

enhanced cf | v s pri
the back for. E‘E‘%@*"é‘%’? DBAELIATS RhAr R Th I PLRRE Sceddiha R B 06

heated (dri &b EKgy"g gf Werhasrbesiinalecslagh ayen (RSGraruP S6i lByer) s
carried out dmyd apamsledling sjiimriayé\cpr@ﬁdhégb%iliddh%&f&%%iﬁ@ﬁﬂﬁ@éé&j
35 microroughness compared with the actual texture, since the solar cell pro-
duced by the process consequently has increased efficiency.




25a selective emtter, the process according to the invention

conpri ses %Qlé seven process steps. It is thus possible, through the
modi fi ed proRé¥d3B8hg the et ching-paste conpositions accoP§iTHE201§/006016
the invention, to save both tinme and al seécheni cals which would have
been necessary for the two omtted steps. The entire production
process is thus also | ess expensive at the sane 30tinme. For the
production of solar cells conprising selective emtters, the process

aCE_olro di nght of'lfhmpriopeemabom‘rda‘fgitotme ismémLom@d SdHTRSYSA LI b@Ard%lglgneg i?:
exhi pbit the v ver e own .pr ocesses .,,.al .
WO 2011/ 0508§8‘tb'%/\,\%g8i%/ ARy hoBuARe of Hhestods waderwith 2 e

product i on ofPysdnigal oeamrptmq:fr stiicigres ahestifaee enfreatedswifif aphesphplie
ouer 3?532?5‘?¥a%?°e§§?f?‘yfﬁﬁ%e%ﬂﬁ*fﬁ%“%fhPf@%ﬁé@é@@ﬂ#ﬁ%@éﬁh%&“g? the”
envi r orinent alA%Ma {X8HM®-y process since an etching step with an acid
m xture consisting of an HF/ HNO8 mi xture is omtted and the formation
of nitrous ses is thereby avoided; 4. the solar cells obtajned have
hi gher effi g?’%ﬁ'&i{ el SWE’%/)C*EB?W wn@? RTR&PSSAGFRIAING tedharnvention
c;al ![ f] 10I Be§¢brdl$1|s prbesetiqar otes ?r ﬂ@lisacfdb rﬂ@ﬁfng@gletéi@p Bhghers (faj‘rﬁ,bt 'hég;nlcp,t ¥
o e sol ar . e t has been found, surprisingly, a

t he si lTi con é(lgjlr V\g(ﬁ:%%ligés&%nsg?% ised roughness after etching with the
novel , Shospﬂrori d extringoafitheisnifageet chi ng paste according to the
invention. This ippgk f n 15t he
antireflecti Yi acti oﬁﬁéﬁg&@‘g@pﬁgﬁglﬁgﬁ%gg%ﬁgg . This in turn
has a positi V& i kPFalstelingPiithe PSG apdaiiopndayemseprsiugingcacbnductivity in
produced. This i fd RARRI~IPUIDIESKa B NHEDpHRPR =Sk -
phot om cr ogr aphs ¥\/Lht h 1&}90 times rrgg(fl fi ca'% i(%? b%?%ﬂeﬁlgiﬁéggd c{)egwng
of the surface of! H'&WAR is treated correspondingly, while the other
part i 45unt r 84t e@SG ekchitghe area to the right of the bar is untreated

and the areaypon - ' f the s addi ti.onal |l y been
etched with yﬁe M%ﬁ‘!“%‘R’%ﬁgﬂgarﬁt%@?cg'&ﬁéa\{%qw aﬁ%ﬂ IQryPY 'I"'te%‘ﬁr?
clearly be seen plsmaeehariced eiamicahdamiuta)epastiobi (PEGYDNoF sitemt higride
hi gher surface rwgﬂpess of the graining 25conpared with the unetched
area 2 (ri gh&/— hand Side). This clearly visible mcroroughness on the
actual textuMé r BEIREPEUNG iphimetalisation efhtheneirfasesfrantiarel bastewithme

resul t20in an | ngiiegsRidnt sRitdrind ocHrif) the solar cell. Through a
correspondi ngqlan ldéSi'S it can be shown that both the area of the
ac

30si | i con su BiPRPU8Th the etching paste according to the
i nvention and al so the unetched area of the silicon surface consi st

of pure sili e af i e t contam nated wt

i Fuseas i n DRUERRE B0 pB 98B M%arfl R PSR RaSHPingiof the prpe-

paste. This €23 éwepsriatE wedifiedmesgiebte. Whistgiwgs gcempaediflonrtsily Afeansodi-
of EDX2anal ygi-si i Wal n )

ohal yeos or fdionf B 1R benficREe b Shpim Bt 8 the' Bog R SpbEss ocord-

surfaces con$igde tBe Inusmiignder {hepprodusiion ebaclarpellsEmprising sine-$tep amit-

ener gy- m%tbmﬁgemebM%@tepé2 - dispersive X-ray

anal ysis, which allows fast and highly accurate el ement determ nation
in the material analysis. Mnocrystalline or multicrystalline solar
cel | s are tybi caléxtudng obthie shirfscd i d, 5drawn silicon rods or cast

il £ orfer & A0SR e lia SO R il Fae e ol 5
Springer Verlllag R8@ietching 57 and 73). An exception therefromis
brocess {val . Ao Stehin of s Gicart GiyePaAd dedthd bt M i 8 ing -
Vol . 5 Springer S@iduggvitognthergpge 199)- 168/s@e production of sol ar
cel l's conprigi ngvaskingiith &VahtififeciVe Id)Rr PARESSS AGRM) By 1HehAs bhe
35 plasma enhanced chemical vapour deposition (PECVD) of silicon nitride
(SiNy)



25t he actually intended renmoval of the saw danmage (a very heavily
damaged sun Lon of the wafer with a depth of several . Thi s
cont ami nat i‘{éﬁg?]slfogﬁeparti cular, metal abrasion fromthe Sg\ﬁ%%?gzg{e/onﬁom
but also traces of abrasive. An etching of -this type is typically
carried out in approxi mately 30% pot assi um hydr oxi de sol uti on or

sodi um hydr oxi de sol ution at tenperatures of about 3070C, preferably

hi gher, in particular at 90C. Due to the relatively |ow etching rates
of about 2 pnflni PGiRERPrinHes &rgoatallisadag of éhe burgce (fred) ahd backivith asb-

and possibly |on uBBYsiBger SRy i n order to achieve the desired
FoueT ?‘%ﬁgknesmg)of about 7 prn is usually

effect. An Si,,|a W th
renoved on béf'L éﬂ?@s'”ﬁ?‘l IB8- wafer in this way. WO
2011/ 050889PCT/ EP2010/ 006016 - 13 - This etching produces a rough

surface on t S I- . wever,. the ture .angl es achi eved at

the surface ?ﬁ]éa \\@gfe;r '?%@anﬁmdﬁt?& ?ﬁfgﬁﬁ?ﬁ&éngdf‘e@%ﬁ@@?wlmem& the
reflections &vaferean bercleavwitly deidrisan waterfdrelddr ®05%aKOHeolstibh ace.
However, reflection effects of this type are desired in order to

achi eve high 5efficiencies of the cell. Anmltiplicity of

publ i cat i ons abrRFipedaminsutationds eawiegalisatithe sattectimedihet pronessmaccording
reflections emtsolrREnash s | I -
anor phgys sol ar cel | 3 %f 0[ tg%ﬁ@?%étlbbﬁﬁodséco%ré%?@%'g?pﬁﬁ@é? s(t)?p emitters
figures withCeYRNERShe fRllowing pracess siepy(seetighre Bht A of a standard

process for the featiuti sfithefsusiaber cells conprising a selective

enitter withjtwo i .Th s . depicted i is figure are
the fol | owi ny: 1@%‘%&@@%{?%@”? f?fﬁi ﬁ?%q gﬁﬁﬁfor‘t‘%éﬁ@d??ace texturing
vviht h EO—I/ i sggr‘-op&a@k eolige HiF UHxKREN indihlc&mlaiadh iﬁi@){))a%te,%@é@iiﬁ@?ﬂ?; tH entire
phosphorus dopin = = R il . gl ass), 100 sq diffusion
(POC13é1 %aé’ggggé?? %ﬁ%gﬁéHeF%%{lﬁng | ective | ayer by plasna
enhanced chehY cal-ogalriohingad épe §iSG end (sbeoupyers, pidducing aconduetivity in
(PECVD Si Nx) 4. ' L [ si b or |aser
frepinge 250 Lheods F@g) s hs@megtefqa}gés%

5. PSG et chipg, éﬁ) Q.sq gi ffusjon ) creen p i‘'ng for
metal | i sati oN- of AGRNIRG PF Ni&Waier Wit deigRised vatsrnardiar 0526 IR ssistion
sintering (cwifiPS@etching Edge insulation Fig. 2:Process variant B

of a standard,pr for the production of r cells conprising a
sel ect bée emgqlt e&%%iﬁg Wiy 20y 'r%%ﬁﬁ?%fﬂéﬁg g’ﬁgoﬂw)&ye@eﬁﬁst% s
figure“dre the fplasow egharicedTehericaheapdun depositiohg PEGVB) sisifi@senitride
texturing with 1 i)sopropanol or HF/HNO3 is carried out) 2. Msking
(thermal depgsjtton”of SiCO2) 3. Opening of the masking using etching
paste or | as¥Hl-38greepguintingiongetalisaicryotithefausfase (POTES BackPBiEh sub-
etching, 100 O sgeqﬂérﬁlgﬁ-itgnné Rg;ﬁ,?n}g) WD 2011/ 050889PCT/ EP2010/ 006016
-14- 6. Deposition of an anti I

! rrefl ective coating (ARC) by plasma
enhanced chemical vapour deposition (PECVD) for the deposition of

si |i cofdni trindbis Gadk foof it iISpoesiblepio diriyeLtitaE vaBbak birsdssesd i B8nodi-
surface on the, %%(gné aen(}_\f%ack Cﬁﬁé%r} subfstgauent sinteri co-firi ng?(
58. Edge i nsufatton Mg s By QP RSeguUsnCe ( Uke 4¢8849 beg
t he product i@dge)fnsgiﬁt@n, tet pocesspeesiding o thel ineéntion fonthd productibn of
one-step dopddigr c&iRBomprising one-step emitters comprises the process steps in the
following sequence:
30 I. Texturing of the surface
ll.  Phosphorus doping (~40 Q/sq diffusion of POCI5)
Il Back edge insulation with SolarEt:h SiD paste, or etching over the entire
back surface with HNO3/HF solution
IV. PSG efching
35 V. Local etching of the silicon layer, producing a conductivity in the range
~90 - 100 Q/sqg



prising nine process steps 10 The steps depicted in this figure are
the follo turlngOnthls step, the surface texturin

KOH/ i soprm%qn'g?ﬁg /HNGB is carried out) 2. PSG etching, P@@"Eg’ﬂ%]&/ﬁ%mﬁ
di ffusion (POCL13) 153. Local ink-jet prin8i-ng of an etching nmask 4.
Local etching of the PSG | ayer (phosphosilicate glass |ayer) and the
silicon layer with HF/ HNO3 solution in order to obtain a conductivity
of 100 O'sq 5. Detachnent of the etching mask 6. PSG etching 207.
Deposi ti on ofVlan Clearingfof due ivaéerouith teipn(stiGyatey aptias 00 $YHOEESbIution

chem cal vap fo.sili

nitride (Si I\Ixsy)q|r cr eimﬂrl nti n@l%(%cR{eHéyb r@ﬁ@gﬁéogggﬁ) tl?g Sardof

met al | i sati on of p!aﬁén@@ﬂhaa@ed)ﬂhm@aﬂ vapeuradepasiticin (RECGVBUbEsitjicemhitride
sintering 9. Edg((:sy\p;ul ation 25 Fig. 4: Depiction of the process
accor disng to\}lhe i nvention The steﬁs depicted in this figure are the
fol | ow ng Ill.” Screen pERting Fanet 'S?H‘P% ofthepsurfare diantleried bagk withng
W th KOH i sopr opgnbsequerd@ittetigBcd-firiggyr ri ed out) 2. PSG
etching, 40 0/sq diffusion (POCL3) 3. rinti ng-on of Solar Etch(r),

| ocal etching of the PSG | ayer (phosphosilicate glass |ayer) and
silicon | ayein partimutizr theousshoba phasplesicaddapntdinibd:tehisg paste whichiean

ot cningo o S5 OENERMA EosBTE dBpdiar rind R B By el g

oneirofPect) PESBERelerfiveARTftery contbrtesdotaahiadng tendlgett acqpoding to the
deposi tion (e¥bbnfor the deposition of silicon nitride (SIN) 7.
5creen printing on the front and back for netallisation of the
surface on the front and back with subsequent sintering 58. Edge

i tnsul ag i on {:Fgrtrﬁs pDeRiset pﬁﬂspﬁoﬁ&§01armﬁ|n!grbtmﬁ§f a%fllass\?ﬁléﬁrtﬁﬁn gk
st eps depic ure are . Texturjn

(his sigD t Rlostharti&ei o780 At 2o § R S piaRbareoa s tgble.
carried out) 2. PSG etching, 40 0/sq diffusion (POC13) 3. PSG
tchi t d

Co ontain a Besidls b phoBaftally, B ndstE Beodtr] BThA% drioR 6Hh-
dei oni sed waPEfe érﬁ!ﬁ%ﬁnt@rﬁgbﬁﬂbmlﬁd@tﬂ am agouns pba0ttd dfYeby aveight. Parti-
antireflecti M@laﬂ%%hit@ﬁle(s@ﬂ@nt@% Mlieease ﬁfg‘?@géﬁts%@@lﬁo@ﬂﬁgroup

deposition (PECV ﬁf‘e osition icon nit
7. Screen pr NP ﬁ”ly NG 9'&5 ‘P; f“aﬁaorwgéwl edierndictviensagivenl wpnoaiby!
sur f acéon tb’e}eiowrmhylmafoh@@kanﬂ gamEBEgYEREoRENVBIdH AN be emploﬁed

Edge i nsul at : |ct| on of the process according to
i nvention wi W fﬁ”@cﬂﬁ@s% DXWIS-on 25 The steps depicted in th| s

figure are the foll ow ng:
These compositions preferably comprise at least one non-particulate thick-
£ ener. In particular, non-particulate thickeners selected from the group poly-

25 vinylpyrrolidone and hydroxypropylceliulose, which can be present in pure
form or as a mixture, are suitable in these pastes. Corresponding pastes
which comprise a particulate thickener selected from the group carbon black,
low-melting wax particles, in pure form or as a mixture, have particularly good
properties.

30

Pastes which comprise both non-particulate and particulate thickeners are
very particularly suitable for use in the process according to the invention. Cor-
responding thickeners are preferably present in the pastes in an amount of
20 - 35% by weight.

35



1- Texturing (in this step, the surface texturing with

Kwisppm?@(}%ﬂ?g“ /HNGB is carried out) 2. PSG etching, Péﬁ)@%{ﬁg’o%ow

di ffusion 3. Back edge insulation with Sol arEtch

HNG3/ HF 4. Printing-on of Solar Etch(r),- -$ocal PSG (phosphosilicate
glass) and Si etching in order to obtain a resistance of 100 0/sq 5.
Cl eaning with deioni sed water and/or 0.05% KoH sol ution 6. PSG
etching 357. Deposit | on of an antireflective coating (ARC) by plasm
enhanced cheH&i2 efqiptige od dhe jnyenli@ECV/D) for the deposition of
silicon nitride (SIN) V\D 2011/ 050889PCT/ EP2010/ 006016 - 16- 8.

Screen print%g qQn the front and back for netallisation of the
surface on t FEPEHBNtSRAvesUIeriRingly shvwe dialipe sisaiadi mevel phosphemiigacid-

7: Depi cti onceftdiriag @t(ﬂﬂ@@%asﬁe mmdtm SRBISNGEY dd&i é’t@ﬁiﬁg%gﬁlts to be

nsul agti on Th de t ed t hi a
Textur Png (1 ACRRISAL i Sichironthasprosliedls ﬁasafp IosahPDfk:alghs)-
or HF/ HNOB i gnctmderbfmg)mtlc)omlm%r PaGadvahiaggoudly I:Qa/@tqhdd ot s 9ame time.

/
(TS R s i A el
obtain a rest"éﬁteﬁh% tter hege gﬂmdﬁﬁlVI@If@hﬁhw iayers deeaning thatwetiferm

and/ or 0. 05%KQdopIeid &Bhih d%?ﬂ?@bér‘ an antireflective coating
(ARC) % pl asma enhanced clhg m ca VaF)r%E‘!r& eposition (PECVD) for the

depositron of silicon nitride (SiN') 8. Screen printing on the front

and back/ si ntt&Tasrlgae(rCfbufndrthagﬂweZﬂtd@erlorSof th'éfrﬁtﬁlétl ethlﬁdlﬁa%C&Hrﬁﬂosmons
{:)astes accorgl ng C{éhe |nvefn thon ron S{| [ c? lsur @] |
phot oni cr ogr 5pR &P the PhRfersSi Tk SRISHUFH O BAaARIsheXRBligingRese pelited
silicon Zurfanﬂt@ﬁotbeesmcﬂfasshalpd;lrsphf&acbén(ﬂ im:fumﬁ:ikmm;@saﬁduetélmu!taneous

t t EDX
untr 2t 02Uty Ayt A5 Ui, B RmAal Ao e
accor di g toC@mil@fetﬂ\ﬁéfth@@fmegsﬂlqtm’l @Ermmsmmequhmmﬂtatem dpraved
1inFig. 8 Vﬁﬂﬂe@s IrJr?acE&ﬁagE:Qf\Mhethﬁgfreégﬁﬂ19@&%%%#@0@?1]%8@@&@9{3@

the "shallo ter an ter on a

VO 2011/ 0508§@'PC?¢@99@I'QFEWG§P@CW8 erytiseredenestop depiacayhioh have| se
= 5.165 Voc Hhighdbeff\éiendgc = 618 nV FF = 76.2% FF = 76. 4% 5Eff =

16. 949% Eff = 16.40% 10 Fig. 13: Exanple of a possible print |ayout

(screen _section) for the production of a selective emtter structure

on a er Inthe process according to the inventicn, the wafer is strongly doped over the

entire surface after the acidic texturing with HF and HNO; or alkaline texturing
with KOH and isopropanol. For this purpose, doping is carried out with phos-
phorus using POCI3 at temperatures of about 800-850°C during a residence
time of about 30 to 90 minutes. The doping adjusts the conductivity of the cell
25 front to about 35 — 50 ohm/sq. The novel etching paste is subsequently
printed onto the front with a special screen layout, preferably with a broad line
pattern (1.7 mm line width and 200 um line separation), and the printed wafer
is heated. The wafer surface is heated to a temperature of 300°C to 380°C.
The heating duration is in the range from 1 min to 3 min. The heating is pref-
30 erably carried out in a belt furnace. During the heating step, both the PSG
layer and the silicon layer are etched. The etching is complete when a layer
resistance in the range from 90 to 100 nhm/sq has been reached. After simple
cleaning with deionised water and/or with a basic KOH solution (0.05% to 1%)
the PSG (phosphorus glass) is removed in the next process step with the aid
35 of hydrofluoric acid. The wafer is re-rinsed with deionised water, dried and
sent to deposition of the ARC layer (antireflective layer). For this purpose, sili-

H



As an exanple, a partial section for a printing screen is shown
(nunber of 501?@50? ut 73, wwdth 1.7 mm nunber of nain busbar

width 2.0 Pﬁ‘é e further description, exanples of the%?@@é‘%@kmﬁmﬁ
according to the invention for the producItOon of solar cells
conprising one-step emtters and the etching 1l5pastes used therein
which are within the scope of protection of the present invention are
given for better understanding and in order to illustrate the

i nvention. Thepailtidarppesfesdisy deposited BELC VDS(RE&(I\éDpOﬁIaBMa%rﬂTmﬁS

Uhe etcning SrenicuabBl 8epodtiof; AelBnttene B FRERG 6T sl Hron
princi pl e de§eniaséng aﬁ@v@wawmmwm éﬁaﬁﬁlsmml@soahcethad:tackdot batlecortact-
reducing t hear%% 9k v@éf@?seﬁém% Hfthug%yoél%sﬁéﬁteﬁgd? idd 89%595‘9} fh.a belt

these @l one e te tures glven In descr
and in the cfUnRgea eg @ayRsylatian isgarded OPhEY&%Q%HS @‘t%l@f’sﬂfse
contents data are given as % by 25wei ght or weight ratios.

Furth h [ h
Chat | bovn | APRENEDubpidsheoeditng o TRishBndet therprodotor of Siar
descr | pti on, celiecomppisingra seleoiive emjittersamnt omerstémdmn@cmsirtg thesstahingy s

add up to on 0 o 1 ed on
the commosi ¢ Pas A hPYaEh debor Mt iE BTV Mlon criies B Wllowgriaposts
val ues 'Qoul dStapiss whighoane shovgein E_leur_ﬁanges i ndi cated. Unl ess

i ndi cated otherwi se, % data are % by weight, with the exception of
{atlos shown lngpglune F§1 %ﬁﬁg)2011/050889PCT/EP2010/006016 - 18 -
Producti on of- sEPaHTIRGEP G W Pyrarmidal siresteiasn A reduction

in the reerQII%msp‘hoﬁi@é ao mgl(kammsqmjslwn aepPiorygd by texturing

wi th an al kaki ne |on sin sol ution and
i soproggnol 5 g‘r ??ﬁ: ggﬁ]gfégéoﬂﬁ/?@ﬁgﬂﬂ@f%%ﬁﬁ@“Ic\)l?%cg‘wgdasée accord-
m xt ur eYof HF dnd teM@Binvahtien irt esdenttd pgodudeea sondadivity ©f 61 eanedqWPSIG =
aci d-cont ai nin c%@ﬂ‘égfﬂéat%géféé)ons wi th hot dem neralised water or

by treatnent in a in the follow ng sequence: 10HF, HC,
HF, hot demi ﬂer%‘ﬁ@ﬁ@hmter HF, treatnent in a heating oven. After
the cl eani n950fDé;5@s|ﬂ@'T 61('1 th;ébﬁﬁtﬁ‘éﬁectfva%%iemﬁ@HeEH%ﬁ&ﬁ);]b%ﬂf‘e%P\s of plasma

emtter) is fo fusion ste roce

r in

Whi ch L he sur f SIAICOH RECHEF IV APOURGBBAS PR FPERYLDRAIOBVECrE N
cour se2@f abeutSmenmutmg mraiq@faaltdat;oﬂa%tw@%uﬁbge efeeits an@foaRRAWth s?lﬁbsem
mnutes, at ate ng{izrattu {1 er than 800C, at nost 895C. Liquid
POCI 3 is enpl ofé‘@) ﬁ“t?p H& After about 70 m nutes, the desired
conduct i vi t y7ofEdgeomsuldioohn’ sq has been reached. So-cal led "shal | ow
emtters" are produced in the silicon wafers by etching with

20sui tabl e etchi ng pastes, where the etching paste is applied by
screen pri nt CREIPArEE “é%ﬂ?ﬁl@ow preceph v/ the frpductiont ofi solargcadis donmyising

past e, 28uch é%eiéc‘i’i(re@ﬁﬁff@ff fhe b %c%%%%c@?dlﬁ%%% ﬁ%@ntﬁr‘?‘ﬁor‘?@n@@?'oﬂ)ﬁﬁd
for this purgé)l\f%l or alternativel ntai nin

such as isis RSCerEEtapPSsitds G'@&TBW%@@ fkopygh H%"'@é“f@ﬁpmf@fiéﬂs fi8ing
t hehet chi :Agg ﬂiee@chiﬁ@dﬂ'm% @@ﬁi@sﬁ@hs%o@ﬂnhg @@th@inﬂt@nﬁoﬁ Gbeele FHdﬂﬁ”hhﬁQ
machi ne whi c ol,d un cini_printer

caneras). Th n%%&sﬁ %%‘8@ \gh'gﬁﬁv%ﬂglﬂr’a ?’5&” SrgSadpr &?a?f’fﬂ gm'”&gd
screen from $lepachheventire pedsiption prastssds t1A80alspdéds aqlersid at thersame
di anet®p of g3.pm The nounting angle of the screen is preferably

22. 4. The screen enmul sion used is Azokol Z130 from Kissel & Wl f. The
paste can be printed very well using a dianond doctor having a doctor

hardness of B t%@%r@dua_tr% bpsdigneas é@ﬁﬁﬁﬁﬁ%@%le@h@e %ﬁgg%r%mﬁ&ﬁroﬁ%e

printing: separatio ressure:

et chi ng past quéd'é?ggpufé% 'W@tnﬁog andibe golancede pIOWGfﬁﬁ teseky exlinbit the

separation foRMHLAGEBEGEIERRE KHWREHbRessddA; Bnd2Q0 pm (see
35



hot dem neralised water and again with HF. The LPCVD Si Nx deposition

on one sid | ow pressure chem cal vapour deposition) is
carried ousvé%?%%ség 790C. 15The process duration for the d 6%"2{’106}960‘5

of a layer thickness of 90 nmis 2 h. Thelteaction gases used for the
deposition of Si3N4 are dichlorosilane and NH3. The edge
insulation can be carried out by in-line |aser edge insulation, but
can 20al so be carried out by a suitable etching process. The

requi site back tawerguosess stepsdouibedproddetiort besdlal teils ditg‘npl@sidgteemmve

The paste is ap n is sold.
under the 25na QH’E& gﬁjﬁf&éﬁ?pﬁ% of ﬁen{ﬁ#)gg?ggge@é i%t?ad,&sﬂﬁ UB‘E@ lgne
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in particular, metal abrasion from the saw wire, but also traces of abrasive. An
etching of this type is typically carried out in approximately 30% potassium
hydroxide solution or sodium hydroxide solution at temperatures of about
70°C, preferably higher, in particular at 90°C. Due to the relatively low etching
rates of about 2 pm/min under these conditions, etching times of 10 minutes
and possibly longer may be necessary in order to achieve the desired effect.
An Si layer with a thickness of about 7 um is usually removed on both sides of
the wafer in this way.

30

35
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This etching produces a rough surface on the substrate. However, the aper-
ture angles achieved at the surface are very flat and totally unsuitable for
reducing reflections or even for reducing multiple reflections at the surface.
However, reflection effects of this type are desired in order to achieve high
efficiencies of the cell. A multiplicity of publications and patents therefore
deals with the reduction in reflections on solar cells of any type, for example
also for amorphous solar cells (for exarnple in US 4,252,865 A).

List of figures with explanations:

Fig. 1: Process variant A of a standard process for the production of solar
cells comprising a selective emitter with two-step doping

The steps depicted in this figure are the following:

1. Texturing (in this step, the surface texturing with KOH/isopropanol or
HF/HNO; is carried out)

2. PSG etching, or phosphorus doping (PSG = phosphosilicate glass),
100 Q/sq diffusion (POCIs)

3. Deposition of the antireflective layer by plasma enhanced chemical vapour
deposition (PECVD) of silicon nitride (PECVD SiN,)

4. Opening of the masking using etching paste or laser

5. PSG etching, 40 Q/sq diffusion (POCIs)

8. Screen printing for metallisation of the surface on the front and back with
subsequent sintering (co-firing)

7. Edge insulation

Fig. 2: Process variant B of a standard process for the production of solar
cells comprising a selective emitter with two-step doping

The steps depicted in this figure are the following:

1. Texturing (in this step, the surface texturing with KOH/isopropanol or
HF/HNOQOj3 is carried out)

- Masking (thermal deposition of SiO,}

Opening of the masking using etching paste or laser

. PSG etching, 40 Q/sq diffusion (POCH)

- PSG etching, 100 Q/sq diffusion (FCCly)
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6. Deposition of an antireflective coating (ARC) by plasma enhanced chemical
vapour deposition (PECVD) for the deposition of silicon nitride (SiN,)

7. Screen printing for metallisation of the surface on the front and back with
subsequent sintering (co-firing)

8. Edge insulation

Fig. 3: Process variant C of a newer process for the production of solar
cells comprising a selective emitter with one-step doping, com-
prising nine process steps

The steps depicted in this figure are the following:

1. Texturing (in this step, the surface texturing with KOH/isopropanol or
HF/HNQO; is carried out)

2. PSG etching, 40 Q/sq diffusion (POCIs)

. Local ink-jet printing of an etching mask

4. Local etching of the PSG layer (phosphosilicate glass layer) and the silicon
layer with HF/HNO3 solution in order to obtain a conductivity of 100 Q/sq

2. Detachment of the etching mask

6. PSG etching

7. Deposition of an antireflective coating (ARC) by plasma enhanced chemical
vapour deposition (PECVD) for the deposition of silicon nitride (SiNy)

8. Screen printing on the front and back for metallisation of the surface on the
front and back with subsequent sintering

9. Edge insulation .

[¢%)

Fig. 4. Depiction of the process according to the invention

The steps depicted in this figure are the foliowing:

1. Texturing (in this step, the surface texturing with KOH/isopropanol or
HF/HNO; is carried out)

2. PSG etching, 40 Q/sq diffusion (POCH)

3. Printing-on of Solar Etch®, local etching of the PSG layer (phosphosilicate
glass layer) and silicon layer in order to obtain a resistance of 100 Q/sq

4. Cleaning with deionised water and/or 0.05% KOH solution

5. PSG etching
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8. Deposition of an antireflective coating (ARC) by plasma enhanced chemical
vapour deposition (PECVD) for the deposition of silicon nitride (SiN,)
7. Screen printing on the front and back for metallisation of the surface on the
front and back with subsequent sintering
3 8. Edge insulation
Fig. 5. Depiction of the process in modified sequence
The steps depicted in this figure are the following:
10 1. Texturing (in this step, the surface texturing with KOH/isopropanol or
= HF/HNO; is carried out)
13 2. PSG etching, 40 Q/sq diffusion (POCIs)
3. PSG etching
4. Printing-on of Solar Etch®, Si etching, in order to obtain a resistance of
15 100 Q/sq
2. Cleaning with deionised water and/or 0.05% KoH solution
6. Deposition of an antireflective coating (ARC) by plasma enhanced chemical
vapour deposition (PECVD) for the deposition of silicon nitride (SiN,)
7. Screen printing on the front and back for metallisation of the surface on the
20 front and back with subsequent sintering
8. Edge insulation
Fig. 6: Depiction of the process accarding to the invention with back edge
- insulation
25
The steps depicted in this figure are the following:
1. Texturing (in this step, the surface texturing with KOH/isopropanol or
HF/HNO; is carried out)
2. PSG etching, 40 Q/sq diffusion (POCls)
30 3. Back edge insulation with SolarEtch SiD or HNOs/HF
4. Printing-on of Solar Etch® local PSG {phosphosilicate glass) and Si etching
in order to obtain a resistance of 100 Q/sq
5. Cleaning with deionised water and/or 0.05% KoH solution
6. PSG etching
35

7. Deposition of an antireflective coating (ARC) by plasma enhanced chemical
vapour deposition (PECVD) for the deposition of silicon nitride (SiN,)
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8. Screen printing on the front and back for metallisation of the surface on the
front and back with subsequent sintering

Fig. 7. Depiction of the process in modified sequence with back edge insula-

fion

The steps depicted in this figure are the following:
1. Texturing (in this step, the surface texturing with KOH/isopropanol or
HF/HNQO; is carried out)

O A W N

. PSG efching, 40 Q/sq diffusion (POCI,)

. Back edge insulation with SolarEtch SiD or HNOJ/HF

. PSG etching

. Printing-on of Solar Etch®, Si etching in order to obtain a resistance of

100 Q/sq

~ O

. Cleaning with deionised water and/or 0.05% KoH solution
. Deposition of an antireflective coating (ARC) by plasma enhanced chemical

vapour deposition (PECVD) for the geposition of silicon nitride (SiN,)
8. Screen printing on the front and bacl/sintering (co-firing)

Fig. 8:

Effect of the etching pastes according to the invention on silicon
surfaces, photomicrograph with 1000 times magnification which
shows the treated silicon surface on the left-hand side of the mark-
ing and the untreated surface on the right-hand side

EDX analysis of area 1 in Fig. 8 which has been treated with the
etching paste according to the invention

EDX analysis of the untreated area 1 in Fig. 8

ECV profile for the phosphorus concentration of the "shallow" emit-
ter and the "deep" emitter or: a polished Si wafer

Depiction of the efficiency of a solar cell comprising a one-step
emitter produced in accordance with the invention compared with a
standard solar cell through current/voltage characteristic line
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Measurements:

lsc=5.283 A Ilsc =5.185
Voc =625 mV; Voc =618 mV
FF =76.2%; FF =76.4%
Eff = 16.94%; Eff = 16.40%

Fig. 13:  Example of a possible print layout (screen section) for the produc-
tion of a selective emitter structure on a wafer
As an example, a partial section for a printing screen is shown
(number of strips about 73, width 1.7 mm, number of main busbars
2, width 2.0 mm)

In the further description, examples of the process according to the invention
for the production of solar cells comprising one-step emitters and the etching
pastes used therein which are within the scope of protection of the present
Invention are given for better understanding and in order to illustrate the
invention. These examples also serve to illustrate possible process variants or
possible variations of suitable paste compositions for the etching step. Owing
to the general validity of the inventive principle described, however, the exam-
ples are not suitable for reducing the scope of protection of the present appii-
cation to these alone.

The temperatures given in the examples and description and in the claims are
always in °C. Uniess indicated otherwise, contents data are given as % by
weight or weight ratios.

Furthermore, it goes without saying to the person skilled in the art that, both in
the examples given and in the remainder of the description, the component
amounts present in the compositions always add up to only 100% by weight,
100 mol% or 100% by volume, based on the composition as a whole, and
cannot exceed this, even if higher values could arise from the per cent ranges
indicated. Unless indicated otherwise, % data are % by weight, with the
exception of ratios shown in volume data.
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Production of solar cells according to the invention:

A reduction in the reflection of solar cells is usually achieved by texturing with
an alkaline solution, preferably comprising an NaOH solution and isopropanal,
or with an acidic solution consisting of an acid mixture of HF and HNOs.

After texturing, the surface is cleaned with acid-containing, agueous solutions,
with hot demineralised water or by treaiment in a heating oven in the following
sequence:

HF, HCI, HF, hot demineralised water, HF, treatment in a heating oven.

After the cleaning of the wafer surface, the one-step emitter (deep emitter) is
formed in a diffusion step. This is a batch process, in which the surface of the
wafer is doped with phosphorus over the course of about one hour, preferably
over the course of about 70 minutes, at a temperature of higher than 800°C,
at most 895°C. Liquid POCI; is employed for the doping. After about 70 min-
utes, the desired conductivity of about 40 chm/sq has been reached.

So-called "shallow emitters" are produced in the silicon wafers by etching with
suitable etching pastes, where the etching paste is applied by screen printing.
For example, a phosphoric acid-containing etching paste, such as, for exam-
ple, isishape SolarEtch BES, can be employed for this purpose, or alterna-
tively a KOH-containing etching paste, such as isishape SolarEtch SiS {com-
prises KOH), can be employed for the etching step.

The paste can be applied using a screen-printing machine which is sold under
the name "Baccini printer" (with four cameras). The etching pastes can be
printed using, for example, a screen from Koenen with the specification

280 mesh/inch and a wire diameter of 25 ym. The mounting angle of the
screen is preferably 22.4°. The screen emulsion used is Azokol Z130 from
Kissel & Wolf. The paste can be printad very well using a diamond doctor
having a doctor hardness of 80 shore.

The following parameters are set for the paste printing:

separation: 1.2 mm; pressure: 70 N:

speed: 150 mm/s.

The etching paste is applied with a line width of 1.7 mm and a line separation
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of 200 ym (see sketch in Fig. 13). For the etching, the printed wafer is heated
at up to 400°C for a period of about 5 minutes (the etching paste is activated
in this way). A belt furnace is used for this purpose. The furnace is divided into
four heating zones. Zone 1 is set to 550°C, zone 2 to 400°C, zone 3 to 400°C
and zone 4 to 300°C. The belt speed is 51 cm/min. The etched wafer is then
cleaned using a Schmid in-line cleaning unit. The cleaning is carried out in two
steps. In the first step, the wafer is cleaned in a pass-through ultrasound bath
(2 x 500 W, 40 kHz) and in the second step on both sides using a water jet
and subsequently dried (compressed air).

The PSG etching and wet-chemical surface cleaning are carried out with HF,
hot demineralised water and again with HF.

The LPCVD SiN, deposition on one side (LPCVD = low pressure chemical
vapour deposition) is carried out at up to 790°C.

The process duration for the deposition of a layer thickness of 90 nm is 2 h.
The reaction gases used for the deposition of SisN, are dichlorosilane and
NH3.

The edge insulation can be carried out by in-line laser edge insulation, but can
also be carried out by a suitable etching process.

The requisite back contacts are produced under the following conditions:

The paste is appiied using a screen-printing machine which is sold under the
name "Baccini printer" (with four cameras). Ag/Al paste is used as standard.
For the process described, DuPont PV 502 paste is used. The paste is printed
using, for example, a screen from Koenen with the specification 230 mesh/
inch and a wire diameter of 36 um. The mounting angle of the screen is pref-
erably 45°. The screen emulsion used is ISAR from Koenen. The paste can
be printed very well using a diamond doctor having a doctor hardness of 80
shore. The following parameters are set for the paste printing: separation:

1.2 mm; pressure: 70 N; speed: 150 min/s. Two busbars measuring 5 mm x
124 mm are printed on the back using the Ag/Al paste. The printed paste
thickness is about 15 um. For drying, the printed wafer is warmed at up to
200°C for a period of about 3 minutes. A belt furnace is used for this purpose.
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Aluminium BSF contact;

The paste is applied using a screen-printing machine which is sold under the
name "Baccini printer” (with four cameras). For the process described, the

5 DuPont Comp. PV 381 aluminium paste is used. The paste can be printed
using, for example, a screen from Koenen with the specification 330 mesh/
inch and a wire diameter of 34 pm. The mounting angle of the screen is pref-
erably 45°. The screen emulsion used is ISAR from Koenen. The paste can
be printed very well using a diamond doctor and a doctor hardness of 60

10 shore. The following parameters are set for the paste printing: separation:
1.2 mm; pressure: 70 N; speed: 150 mm/s. The entire back is printed using
the standard Al paste. The printed paste thickness is about 22 ym. The
amount of paste is 2.64 mg/ecm?®. For drying, the printed wafer is warmed at up
to 290°C for a period of about 3 minutes. A belt furnace is used for this pur-

15 pose.

,m
.

Front contact in the highly doped areas (lines):

The paste can be applied using a screen-printing machine which is sold under
20 the name "Baccini printer” (with four cameras). For the process described, the
DuPont Comp. PV 145 silver paste is used. The paste is printed using a
screen from Koenen with the specification 280 mesh/inch and a wire diameter
of 25 um. The mounting angle of the screen is preferably 22.5°. The screen
__ emulsion used is ISAR from Koenen. The paste can be printed very well using
" 25 a diamond doctor and a doctor hardness of 60 shore. The following parame-
ters are set for the paste printing: separation: 1.2 mm; pressure: 70 N: speed:
160 mm/s. The front layout with two busbars and fingers is printed using the
silver paste. The line width is 80 pm and the separation between the fingers is
1.7 mm. The width of the main busbars is 2 mm. The printed paste thickness
30 is about 20 um. For drying, the printed wafer is warmed at up to 290°C for a
period of about 3 minutes. A belt furnace is used for this purpose.

oy

Firing conditions:

39 The silicon wafers printed using metal paste are transported through an IR
belt furnace and fired up to a maximum temperature of 880°C. This heating
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step serves both to burn out the organic paste components and also to sinter
and melt the metal particles and the glass frit components. This produces a
surface contact which is stable in the long term (prior art: "co-firing" and "ARC
firing through"). For the burning out, & belt furnace with 7 zones is used in the
process described. Temperature profile: 250-350-400-480-560-560-880°C.
The belt speed is 1.5 m/min.

Properties of the selective emitter:

For etching the shallow emitter, the isishape SolarEtch BES etching paste is
used. The previously doped deep emitter having a layer resistance of 40
ohm/sq is etched to a layer resistance of 100 ohm/sq. An etching depth of
about 40-50 nm is necessary for this purpose.

The emitters produced in this way have characteristic profiles of the phospho-
rus concentration in relation to the depth of diffusion, as shown in Figure 11.

In order to characterise the solar cells produced, current-voltage characteristic
lines (I-V) of the solar cells produced are measured by means of a sunlight
simulator (Xe ars lamp) under standard conditions (STC 1000 W/sgm, AM 1.5,
temperature: 25°C) (cf. Fig. 12).

Corresponding measurements have shown that solar cells comprising one-
step selective emitters with an efficiency increased by > 0.5% compared with
the efficiencies of standard solar cells can be produced with the aid of the
process according to the invention.

Etching-paste examples:

Example 1

14 g of polyvinylpyrrolidone are added with vigorous stirring to a solvent mix-
ture consisting of

125 g of phosphoric acid (85%) and

75 g of diethylene glycol monoethyl ether (DEGMEE) mixed with DMSO (1:1).
64 g of carbon black are then added tc the clear homogeneous mixture, and
the mixture is stirred for a further 2 hours.
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Example 2

16 g of polyvinylpyrrolidone are added with vigorous stirring to a solvent mix-
ture consisting of

74.5 g of phosphoric acid (85%) and

75 g of diethylene glycol monoethyl ether (DEGMEE) mixed with DMSO (1:1).
50 g of Ceridust are then added to the clear homogeneous mixture, and the
mixture is stirred for a further 2 hours.

10
Example 3

: 17 g of polyvinylpyrrolidone are added with vigorous stirring to a solvent mix-
ture consisting of
165 g of phosphoric acid (85%) and

15 85 g of diethylene glycol monoethyi ether (DEGMEE) mixed with DMSO (1:1).
70 g of Ceridust 9202 F are then added to the clear homogeneous mixture,
and the mixture is stirred for a further 2 hours.

Example 4
20 Alternative etching paste comprising KOH

15 g of hydroxypropyicellulose are added with vigorous stirring to a solvent
mixture consisting of
250 g of KOH soiution (60%) and

25 520 g of gamma-butyrolactone.
70 g of Ceridust 8202 F are then added to the clear homogeneous mixture,
and the mixture is stirred for a further 2 hours.

£

The paste, which is now ready to use, can be printed using a 280 mesh
stainless-steel woven screen. In principle, polyesters or similar screen materi-

30
als can also be used.

In storage trials, the etching paste prepared has proven to be stable on stor-
age over a long time with retention of the advantageous etching properties.

Further examples of compositions acccrding to the invention having advanta-
39 geous properties are shown in Table 1 below:
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PATENT CLAIMS

Process for the production of solar cells comprising a selective emitter
with one-step diffusion, characterisad in that a phosphosilicate glass
layer (PSG or PSG layer) and an underlying silicon layer are etched in
a single etching step with a printed-on etching paste.

Process according to Claim 1, characterised in that the formation of the
selective emitter is carried out using a phosphoric acid-containing
etching paste which etches a phosphosilicate glass layer (PSG or PSG
layer) and an underlying silicon layer in a single process step.

Process according to one of the preceding Claims 1 or 2, characterised
in that the etching of the phosphosilicate glass layer (PSG or PSG
layer) and an underlying silicon layer produces a silicon surface having
increased microroughiness of the actual texture.

Process according to one of the preceding Claims 1 or 2, characterised
in that, after texturing of the surface of the silicon wafer with a pyrami-
dal or amorphous structure, the surface is treated with a phosphoric
acid-containing etching paste, producing increased microroughness of
the actual texture.

Process according to one or more of the preceding Claims 1 to 4, com-
prising the following process steps:

| Texturing of the surface (with KOH/isopropanol or HF/HNO3)

ll. Phosphorus doping (~35-40 Q/sq diffusion of POCI5)

Il Local etching of the PSG and silicon layers, producing a con-
ductivity in the range ~80 — 100 Q/sq (PSG = phosphosilicate
glass}, and cleaning

V. PSG etching
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Qw 7. Process according to Claim 5 or 6, characterised in that the cleaning is
o 25 carried out with deionised water and/or 0.05% KOH solution.

8. Process according to Claims 5 to 7, characterised in that back edge
insulation is additionally carried out by an etching step.
30 9. Use of a phosphoric acid-containing etching paste for the production of
solar cells comprising a selective emitter with one-step diffusion.

10. Use of a phosphoric acid-containing etching paste in a process accord-
ing to one or more of Claims 1 - 6 for the production of solar cells com-
35 prising a seiective emitter.
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20 or as a mixture.

16. Phosphoric acid-containing etching paste according to one or more of
Claims 11 to 15, comprising a particulate thickener selected from the
group carbon black and low-melting wax particies, in pure form or as a
25 mixture.

F
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17. Phosphoric acid-containing etching paste according to one or more of
Claims 11 to 16, comprising a thickener in an amount of 20 ~ 35% by

weight.
30
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