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on the entire area. In the following context, the term "solar module” is used

synonymously for a thin-layer solar module and for an arrangement of a plu-
20 rality of electrically connected thin-layer solar cells — generally used as a

generic term for all photovoltaic components which are generally understood

under the term "thin-layer photovoltaics" by the person skilled in the art. A

typical "solar module" is constructed from a stack of thin functional layers

which, viewed from the substrate, have the following sub-division (see Figure
25 1):

a) (transparent) electrode,

b) differently doped and optionally undoped semiconductor layers

and finally, so-cailed pin and nip structures,

c) a further electrode.

30
Figure 1 shows a corresponding diagrammatic structure of solar modules as
described.
Figure 2 shows a diagrammatic view of an encapsulation of solar modules,
35

as described and depicted by Hans-Giinther Wagemann and Heinz
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adhesi ves and/ or by means of |am nation using a polynmer which is
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module by means of adhesive bonding with the aid of multicomponent adhe-
sives and/or by means of lamination using a polymer which is suitable for this
purpose. For this purpose, the edge of the support material must be freed
20 from the deposited functional layer stack for about one to two centimetres in
order to ensure adhesion of the multilayered laminate to the support material
and at the same time to protect the "solar module" against chemical-physical
influences, which can act on the entire "solar module" via this edge position.
In the further context, the term "substrate” is taken to mean the system to
25 which the etching pastes are applied. The removal of the functional layer
stack in a one to two centimetre wide edge region of the support material is
referred to as "edge deletion” in the text below.

The edge deletion is currently carried out industrially by means of sand
30 blasting, grinding of the edge region using a rotating grinding wheel and/or
laser systems.

All methods-have the inherent disadvantages of firstly large-area contamina-
tion of the entire module surface by particulate impurities, as a conseguence

35 of the sand jet and also partial residues of the layer stack remaining behind,
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The object of the present invention is tRBus to provide a sinple and

i nexpensi ve nmet hod which avoi ds the di sadvant ages descri bed above.
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i nexpensively Tor the wet-chem cal edge deletion of ""solar nodul es”

by applying etching pastes which are suitable for this purpose and,
when t he reagitog_is conpl ete, renoving the paste residues or

cl eani gg the VEate surface in a suitable manner. The present
invention correspondingly |Iikew se relates to the novel paste which
can be enployed in the nethod. The present invention furthernore
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t aken tqﬁ meaggk in@-é@mﬁé raothatl. nodul es/cells and crystalline sol ar
cells it general. 'In accordance with the invention, these are also

taken to nmean in this connection thin layers to be structured which

have to be treated..for e tion of such conponents, preferably
of "sol ar moeties JF'O'? m%ﬂg&? e made here by way of exanple, but
not conprehensively, of the follow ng: rear-contacted crystalline
solar cells with and without interdigitising contact structures,
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contacts, edggapmstlyas nesthed viiith eam bealaelied attgsiekipranaahésperfaly for

whi ch treated by si.ngl e-sided.etchi d, sub t . pol.i shi ng,
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t he produ - es"
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organic light-emtt contact-sensitive
capacitive and resistive sensors. Surprisingly, it has been possible

to devel op a paspeseh Mveation RirtHemuhé ¢lates 1BWH alehigl prst@Weiéihean be
runctional | ayen SL35K, 2 L BDHR L eSS R oRas LR
10sur f ace i n teortic, pHctovaEiaie and amdrdefectsupgparanica(MEMSE) aimpdieerits olnghis
modul e"25 connection, photovoltaic components are in particular and preferably taken
to mean thin-layer solar modules/cells and crystalline solar cells in general.
In accordance with the invention, these are also taken to mean in this con-
nection thin layers to be structured which have 1o be treated for the produc-
tion of such components, preferably of "solar modules”.
Mention may be made here by way of example, but not comprehensively, of
the following:
rear-contacted crystalline solar cells with and without interdigitising contact
structures, MWT, EWT, PERC PERL and PERT solar cells, solar cells with
buried contacts, edge insulation of silicon wafers and solar cells, wafers
which are treated by single-sided etching and subsequent polishing, separa-
tion and isolation of thin-layer solar cells from thin-layer solar modules, etch-
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can be cleaned. In this way, it is possible to carry out edge
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storage-stabl e as such, neaning that the 15etching paste according to
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past es accor didiapenbtaBchedgaweitied ovith paste chhe peptengaraposidgie AsCadmg to
al so sem CO”‘?}H@?rR/'éng@M‘?é %d&éﬁgggo@y sRfageReble BYsuBhSRichRmg that the

above- tioned oxl de an oxi de I ayers WO .

2010/ 022849 PEighing osivaBrEdINg 15 the FW%‘H%" Seahe yged Ry thespegroyithout
possi bl e, i nfghadraphageals manner, using the etching pastes
according to the invention to renove edge | ayers of "sol ar nodul es”

I n one step. 5ln order to carry out the nethod, the etching paste is
deposi t ed on Gdresegdgatly, the present development relates to a stabilised pasty etching

mixture in the form of an etching paste which can be employed for the simul-
20 taneous etching of the above-mentioned stack of functional layers and where

the layers to be etched can consist of various materials, such as, for exam-
ple, of doped and undoped silicon and metal layers and derivatives thereof.
Corresponding metal layers can consist of Al, Ag, Cu, Ni, Cr, Mo, Ta, Ti, W,
Zn, TixOy, TixWy, NiVy, Ta,N,, TixNy. The layers to be etched can also be
25 oxides or mixed oxides, such as indium tin oxide (ITO), indium zinc oxide
(1ZQ), indium oxide (10}, aluminium zinc oxide (AZO), zinc oxide (ZO) or
similar oxides. On the other hand, they may also be doped and undoped
semiconductor layers, such as c-Si, a-Si and p-Si layers, so-called pin or nip
layer stacks, or layers consist of of Ge and alloys thereof, or of GaAs and
30 ternary and quaternary mixtures thereof or of HI-IV and 1I-VI semiconductors
in general ?.
Whereas it is in each case only possible fo etch specific layers selectively
using etching pastes which are usually employed in methods for the produc-
tion of solar cells, it is, surprisingly, possible using the pastes according to
33 the invention to etch both metal layers and also semiconductor layers, which
may be doped, but also the above-mentioned oxide and mixed oxide layers



region of the "solar nodule" in a manner known to the person skilled
inthe art, preferably by neans of dispensers, for the p %
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air, a presseaxicseded.et of gas, a jet of steam or a jet of conpressed
air saturated with water vapour or organic solvents and m xtures
thereof, or by a pressurised jet of gas, by a jet of solvent vapour,

cryogenic aerlbedticingr’s dxafpplly eepiecheul atim ignpgrature in thepRngsyaR 20
of a focused 4pgbColvhigt @By bef fBRONEd B9l RIMher dTtfleaein tehpesatofe i @@l C
solvents with and .w ut ter. Al cleé;ml ng sol utlotns TRy, V\p
20101022849P(tﬁ§%f5?66%’1 §-48ing operation‘and remove any paste residues. In a pre-
ferred procedure, the paste residues are removed after the etching step by
washing or blowing off and drying out at an elevated temperature in the
20 range from 100 to 145°C. However, the etching may also be followed directly
by a washing step in order to remove paste residues.

Furthermore, it is possible, but not necessary, o carry out slight etching and
consequently roughening of the support material which mechanically stabili-

25 ses the "solar module”. This may be desirable in order to achieve increased
adhesion of the multilayered laminate described in the subsequent produc-
tion process for the purposes of encapsulation.

The paste residues can be removed from the substrate surface by means of
30 suitable cleaning methods known to the person skilled in the art, such as, for
example, by blowing off by means of a jet of compressed air, a pressurised
jet of gas, a jet of steam, or a jet of compressed air saturated with water
vapour or organic solvents and mixtures thereof or by a pressurised jet of
gas, by a jet of solvent vapour, cryogenic aerosol (for example CO; snow in a
35 jet of COy), by means of a focused jet of water, organic solvents and mix-
tures of organic solvents with and without water. All cleaning solutions may



- 6 - conprise additives which are suitable for this purpose, which
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The present invention therefore relates to a stabilised pasty etching mixture
in the form of an etching paste. This paste is particularly suitable for the
etching of silicon and metal layers built up in the form of a stack and is

20 therefore very particularly suitable for the edge deletion of "solar modules™.

These etching pastes according to the invention may have the following
ingredients:
water, and optionally
25 organic solvents and solvent mixtures,
inorganic and organic oxidants,
inorganic and organic acids,
polymeric inorganic and organic thickeners,
gelling agents, network formers and fillers,
30 thixotropic agents and rheology modifiers,
optionally complexing agents and chelating agents,
and masking agents,
optionally surface-active substances, and flow assistants and
surfactants,
35 optionally deaerators and antifoams.



optionally conpl exi ng agents and chel ati ng agents, and maski ng

agents, optionall face-active substances, and flow assi
surfact ants,wg% ngﬁ{gl | y deaerators and _antifoanms. WO Sééﬁﬁ%ﬁ%ogggg

2010/ 022849PCT/ EP2009/ 005653 7 The organic sol vents are preferably
DMSO, NWP and the |ike. These solvents can be enpl oyed al one and as
m xtures. As nentioned above, the etching pastes according to the

i nvention may conprise oxidants. HNO3, H202, Na02, K02, Na2S205,
(NR4) 2B205, Kaszoganiksabenta srapefeirbhgaN SO MEand Binliigrddess ok as

NaBO2- 1- 1202, 35d daf, B 260 BRRE ankiCkOMtRE 03, KO 03, HBr 03,
NaBr 03, KBr03, HI 03, NalO03,” KI 03, KH 06, Cr203, NaCr207, K2Cr207,

KWMn04, NaNG3, KNO3, NH4ANG3, NaCl 04, HCl 04, selenates (Se042),
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past es accor t
From the or ol ARG TEpRe M BER: S FIEL S0 BN OBz R
H2PO2F2, HF, [ANabBP:-3Hdew, HEBedtRf i KEIPs AP APk KBF@s HIOs,
thereofl Howexglio, aICls KMIDR, ChO.SAEErAD, IQTHTY KO, INaROFIND,, 201 n
addi tion, conpleXin n chel atin n e present in
t he pasig)es adlHdP &%ﬂ%@%@?@ﬁ’eﬁ%@"%@s ég%é%e)t §ﬁ3@%£@n§f°r8ﬂ%’|cé)ﬁrﬂ’éo
agent s ‘sel ectephpoupds! 0e(OguUPCERRON,, (NFH ;)04 RON aridathr?ﬂﬁéﬁ ahid Snikktures
HBF4, H2PO3F,, HZ2PO2F2 it -V111. However, phosphonic
aci d-deri vat F}%‘zﬂ'ﬁoﬂcﬂﬁ%lp@%‘%@%&@ﬁg?ge@)f(e%Dequest (r), Briquest(r)) and the
| i ke may al so be suitable. 25These conpl exi ng agents and chel ati ng
agents can be added to the paste individually or as m xtures. .
Particul ar prrdrgesiscand erganieacitls whieh gy kst Pigseokin Reiasteg-aacargng to
and sini ar gRaRANEsH ASPrafeidtly sidsRRI&MEd from the group HNOs, HsPOs,
H,S0,, H2SiFs, HBF 4, HoPFs, HoPOsF, HaPOoF,, HF, NH4H2F, HCOOH,
CH,COOH and CHsCOOH, and mixtures thereof. However, acids with the
same action may also be present.

20 In addition, complexing agents and chelating agents may be present in the
pastes as additives. Preference is given to the use of chelating agents
selected from the group HsPO4, HF, NH4F, NHsHF 2, H2SiFs, HBF4, HaPO3sF,
H,PO,F, and Titriplex |-VHl. However, phosphonic acid-derivatised homo-
logues thereof (Dequest®, Briquest®) and the like may also be suitable.

25 These complexing agents and chelating agents can be added to the paste
individually or as mixtures. Particular preference is given to the use of
HaPO4, NH4F, NHsHF2 and similar compounds, and mixtures thereof.

The preferred complexing agents and chelating agents are particularly pref-
erably employed with oxidants selected from the group HNO3, H202, NaO,,
KO», NazS20s, (NH4)28,0s, K>8,05, KsH3S4045 in the compositions accord-
ing to the invention. From the group of the oxidants, very particular prefer-
ence is in turn given to HNO3; and H»Os5.

30

35



30 The preferred conpl exi ng agents and chel ati ng agents are
particularly preferably enployed with oxidants selected f

group HNGB, ﬂfé’}“’%&%ﬁ? K02, Na2S205, (NH4)2B208, k25205,f’10<?ﬁg%§839§653
in the conpositions according to the invéntion. Fromthe group of the
oxi dants, very particular preference is in turn given to HNG3 and
H202. WD 2010/ 022849PCT/ EP2009/ 005653 - 8 - Conpositions which

conprise H3PO4, NH41-1F2 and HNG3 in conmbination with further _
additives, s@ompesiionscwbiréreomerisssklbl ki NgsHbzand HNGs Peearabingtian with

0{ hglr adgio ti ﬁﬁ&ter%ﬁ;\@s&)watﬁ a%ﬁgigﬁ@hﬁsl Mrdlélfo;ﬁrﬂﬁxﬁ% '@_iest&g.ngﬂéétbﬁté' @fd y
Sta e. ositirons.In | C . - n ar res I N
S g o D oterath ety HAUE Proven partcyialy siechv ght parguar 68 on
t hg \é/ei gh}\l,OB Tuphtions inewhiehgidP O Wmismnasaareq;rem;asﬁ/@mam@
an 5% H ave i n [ ] f )

Parti c(§l) arly r & t@?ééﬁﬂg f%;rg\gleﬁ S p\?\nsttlﬁctq ?r{ul‘ ?aﬁ%\égg&g%gﬁgﬁﬁ]iﬁgﬁ n{j he
conposi ti on mdhese e weightan seghwiash relabgroto 85% kPGy awd 65%HINGS, have in

NH4FI F2 d } L X i Bl i
A L R U i
addi ti onal | y widngimudtaneaus ptatdity of the %ﬂppgg%hamb@@mﬂt@y?# oYithgenie-
pol yvi nyl acef.aknans wiatty plbrD, INBILBFY ARG HNGY arédpRsent pad ik aatiy in
st abl e., .Conposi tions_whi 50{)“&@ sg? H,?Pgﬁl NE 41_—,[1F2 a HNGB I'n the
above- ment i oﬁ'é%l'"%\%qegﬁ?mrg i'ol and Hol yvi ity PBYFT 8Nt ME Yol yol efi n

granul es and am no-functionalised polyacrylic acid in a suitable
amount have proven very particularly suitable. 20Furthernore, .
sur f ace- act i orapbsitians ehicregddtions ysemoprisehidickeaees, pr pagicalariplolyvinyl-
sel ected fro [AfinfN @Rt arfPb 108k gRAlIe8! Kavdl(shoRBR PAHEI
surfactants. %@Eggéﬁ’ﬁa@g[@qti ve _saubs ahces |§fl'a be 'pr esent Eb

i ndi vi dyal | y laiy siable. rerrpe@tions whisky ¢orppiisg Hef @ dNBndE2 aad fiN@nin e

surfactants, gy#b-rAsntided ReRfRRirgtio a@@gum\;&mbwmabﬁ@,l paySleandrimiley

al cohol ethoxyl ates, such as.pol yogxyethyl ene | aur et her,. .an

U es -t herdkg amitio-GiieHnBRI SRR A AR oF T 2Rl R L=V proven
subst ances wivdny phsicsitarly siotabtn, and mi xtures thereof, may preferably
be present as deaerators and anti - 30f oans.

20 Furthermore, surface-active substances may be present. These are prefera-
bly selected from the group of anionic, cationic, nonionic and amphoteric
surfactants. These surface-active substances may be present individually or
in a mixture.

Particular preference is given to surfactants, such as, for example, sodium

25 dodecylsulfate and fatty alcohol ethoxylates, such as polyoxyethylene fauryl
ether, and mixtures thereof.

Octanol, polydimethylsilane and similar substances with the same action,
and mixtures thereof, may preferably be present as deaerators and anti-
30 foams.

In order to achieve the pasty consistency of the compositions according to
the invention, polymeric inorganic and organic thickeners, gelling agents and
network formers, such as polyacrylic acids, polyacrylates, polyacrylamides,
cellulose ethers, such as, for example, methylcellulose, hydroxyethylcellu-
lose (HEC), hydroxypropylcellulose and carboxymethylcellulose, polyvinyk
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WD 2010/ 022849PCT/ EP2009/ 005653 - 9 - pyrrol i done (PVP), pol yvi nyl

acetate, starch ro) pol ysaccharides, such as pectin,pXapiRedhoossss
car ubi n, Rho‘%?’r?"g{o,(/g}g%l arabi c, xanthan gum agarose and a%%l?, and

gel atine and bentonite are added. For edfe deletion, etching pastes
can be used in which the corresponding thickeners are present indi-
Svidually or as m xtures. Polyneric inorganic and organic fillers

whi ch can be used in the pastes are nodified and unnodified 'Qi hl

di sperse andpyyelstss E\4F), PO v §99W%ﬁaﬁha@?tﬁmp@y§?ﬂﬁ%§, e% i C
waxes and gr3gukefin, ¥Hrithian Peadbina Rhoginaats ganl akbey, xantheel duresagarose

| umi ni i1 cate, bentonit the |ik d, rd xt ,
S mpl 6 embodPRAAGErGTY HERUNEA P PueR e s alie o eloB R AR E Rt
prefer- 15 aphytesasi i uséd in whidhuihe aoorespsnding thicksneénseare presant indi-

oxi dant, an | nor ' 1 conpl exi ng agent or chel ati ng agent,
and thfjckenewgugﬂg%k%Fﬁ@?‘g‘freg'ut where not all the above-nentioned
conponents nust be present. As described above, the etching pastes of

this conposition are suitable for 20etching stacks of functional thin
|l ayers in on&oltre®yic esganicRad) %[genl%“tﬂsawgr&g' Hped frbi(ﬁeo?,ﬁ%s are

structure: suppffidd BRE ehnddifieivBight) eiepecdedmti bregeniclsiodopss, fizmde
undoped sem conci(l:é?tﬁﬁr I%G/{ers( u8$er el ectrorde.[eZS Theg}e Bastﬁs [ £, | f
desi 1 od si mAGKABLIAPHESB S FABES B eHUeEngiesF BReUe bR Snd
roughening ofsplifiters weptites, mhineiniteh silicatep hentaniieeandcthedike, ahe nyxiupes t
material may,correspond to the |ower electrode. At the sane tine, the
upper el ectr(%%r iy be the sane as the lower electrode in a

particul ar enbodi nent of the "solar nodule"” to be treated. 30 The

| ower electrode may in turn be transparent and preferaply consi st of
Simple gmbodiments of the etc?'ul?ng pastes accgrd?ng to Rmeylnverru]tlon prefer-

15 ably consist of a mixture consisting of solvents, an oxidant, an inorganic acid,
a complexing agent or chelating agent, and thickeners and fillers, but where
not all the above-mentioned components must be present.

As described above, the efching pastes of this composition are suitable for

20 etching stacks of functional thin layers in one step, where the layer stack
may have the following structure: support material/lower electrode/differently
doped and undoped semiconductor layers/upper electrode.

These pastes are, if desired, simultaneously also suitable for the incipient

25 etching and roughening of the support material. In particular cases, the sup-
port material may correspond to the lower electrode. At the same time, the
upper electrode may be the same as the lower electrode in a particular em-
bodiment of the "solar module" to be treated.

30

The lower electrode may in turn be transparent and preferably consist of
indium tin oxide (ITO), indium zinc oxide (1Z0), indium oxide (10), aluminium
zinc oxide (AZO), zinc oxide (ZO) or similar oxides, while the upper electrode
can preferably consist of Al, Ag, Cu, Ni, Cr, Mo, Ta, Ti, V, W and alloys of

35 the said elements, with further alloy constituents, some of which are not
specified in greater detail here, double and triple metal layers, where one



indiumtin oxide (1 TO, indiumzinc oxide (12O, indiumoxide (10),
alumnlum2|n AZO), zinc oxide (ZO or mmlaro%ﬂs‘,

t he upper elvg ’éc?g%“ n preferably consist of A, A P 2&(‘{%0%3
Ta, Ti, V, Wand alloys of 35the said el'ents, W|th further alloy
constituents, sone of which are not specified in greater detail here,
double and triple nmetal |ayers, V\/nere one WO

2010/ 022849PCT/ EP2009/ 005653 - O - layer in turn conprises at | east
one netal frlepetindugt 60FPRERE .at)t?@@t 8A8 nattebtrentther%etﬁp mgiioneAandy

oxi dic and mpsd tﬁété@fcaﬁ@lﬁﬁly bxigicnaiceii@dSoxidie ompaLcpRLthaddtile.asl0
The doped and undo sem conductor |ayers of the layer structure of
a "sol ar nodWERHo $€]QQP¥%1 y consi st of doped and undoped a-Si and
p-Si (p-i-n and n-i-p), but are not necessarily restricted to the two
mat eri?ﬂ s nmentioned and may al so conprise doped and undoped Iayers of
crystalline Théidoped abuor vedgraidsergicbagdector laygradtihe laven stiuciwesefa  of
Ge and all oy ..gg]@@ @g&

t hereof or o%oq%]ﬁ]?@“e kil ggrﬁn&ggét%%ctorés*@tnﬁgf:ﬂée%/g@l)gﬂgﬁgl (p--n

et chi ng past @8d acdds BLhgra BOTtTP@QSﬁ@@HtF?%WC%OJB? pdgRisalsymsniiengd e
15f or renovi gy ﬁl\é é;lgg&s%nh;a‘y%@otfécﬁaﬂdi }ﬂndbpécﬂl%y%&gsf @'ﬁ/s’@ailir@cmwon Cor-

nodul e” in a sin ste s hout L ng
i nterfeping ngm%taygf%waﬁ @ﬂyf:ﬂagggﬂéﬁ;ﬁ a@ agl'oygél?er\egf s(g?%(%ce
of the “sol aénﬂm@hmlaey antl yuateteant mlﬁwrasyhetﬁoft)hef di-bhandg At $erdiconhe
past es accor %Rhé%$ lapven- 20 tion, which are formul ated on the
basi s of the \ $'Shied |ngred|ents of the pastes, can be
applied to and deposited on the substrate to be etched by neans of
Screen prlntlng, stencil printing, ensmgEl di spense jett

S i n
e o L TS tang RasteLACIRIBAE e esagh a6t 2Buanaohgusy Sitabie”

I nventian en%ﬂr@nﬂ%@amhes‘é@bﬁérsm&m?&t tﬁe!)ezﬂl@e deh essdr modalesiingl e
manner . “Past e. re

d d aft t.h
Carried out PO HEPCe g1 F SORSEheRt: MRS Ta T eRE S BBataming:
a si npl e mantien bepimkansheferaaining effidativel eafaicagf e M'emar modhleds, for

In order to carry out the etching method, the pastes according to the inven-

20 tion, which are formulated on the basis of the above-mentioned ingredients
of the pastes, can be applied to and deposited on the substrate to be etched
by means of screen printing, stencil printing, dispensing, dispense jetting or
by means of similar application methods.

25 The pastes according to the invention enable edges of "solar modules" to be

deleted in a simple manner. Paste residues remaining behind after the etch-
ing step carried out for the edge deletion can be removed from the surface in
a simple manner by means of a suitable cleaning method, such as, for
example, by blowing off by means of a jet of compressed air, a pressurised
jet of gas, a jet of steam, a jet of compressed air or pressurised gas satu-
rated with water vapour or with organic solvents or mixtures thereof, a jet of
solvent vapour, cryogenic aerosol (for example CO; snow in a jet of CO;
gas), a focused jet of water, organic solvents and mixtures of organic sol-

30

vents with and without water, all comprising additives specified in greater
detail below, and furthermore by passing through a cleaning unit, by means
of regiospecific brush and sponge cleaning, using water, organic solvents,
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exanpl e, by blowi ng off by neans of a jet of conpressed air, a
pressurised jet of 9a3, a jet of steam a jet of conpressgdr@plooshosess
pressuri sed gas sa(% urated with water vapour or with organic solvents
or m xtures thereof, a jet of solvent \fabbur, cryogeni ¢ aerosol (for
exanple CO2 snowin a jet of CO2 gas), a focused jet of water,

organi ¢ solvents and m xtures of organic solvents with and w t hout
water, all conprising additives specifjed in greater detail below, , .
and furt her nBIHUESE %‘&é%‘?fnﬁ‘cthl'fﬁ%@ﬁga‘?x& uehig W@?%nﬁ?g Cew%a}%ﬁ&%er addi-
regi ospeci f i gydy wsikthany fepeagaplel eartactgntsy siitgresadiesurfaptgrasi complexing

el udi ng anBIEREIAM Her AATLAOCTRa eanpTais: Khelinhir Sl nd a8
as, for exanplent fing finsingnising thexabowesmentisned Hosiagtrgediaonpl exi ng

agentsgand chel ating agents, foaminhibitors, functional salts, and
subsequent fine rinsing using the above-nentioned rinsing nedia. It

has fur t her mngpARehAbRdbERtounetel ot @@hprt@,s;s&ﬁ$mhm Caflbbem-

enpl oyed in accordance e present jnventiop for edge.deletion
are al so sui Played ipgcce @Pr"t‘ﬂ@? W&SSF{ ‘E‘H@”%bf;)é-eﬂé&%q%%‘ AGRRO or
:mdoped, é r ?@ﬁmﬂﬁ!@ﬂ‘br EPQ s]jl'mcthﬁlygbﬁttﬁamﬂven?ﬁé@lribbd)cﬁfp@dicFr L]Erhj@pfedr trang-

ayers and | ayer ,sta or t rnoses .of, structuring o
(i or oygl ect Por ogc e st SERBAARTER  Ihdidsiibotfobf Rt aver stacks
conmponent s. Tarehetphposgpabstesctadng ofi{migra)electrenicnuéeroetactrangechanical
preferably S‘é&qpﬂ}ﬂo‘%\fr&{aic}]%r@bﬁ@ﬁfs‘ﬁri ng of rear-contacted crystalline
W

sol ar cells and wthout "interdigitising contact structures, of
solar cells with buried contacts, MM, EW, PERC, PERL and PERT sol ar

cell's, of wafipp adamg pited Btcdihge@aReiiMfttiahi-na ppéfepdtis salthbiBdor the
solar cells, for the

| e- si ded, et chi d pol i shi f.silicon. .
vl or 5. or  SHECUERGSIrP ok CANACICLAE PURCHTORTAS My b A P UL e Big-
f rom t hin- | ayigihgsadrdacinsididtess, bbsolaheslistwith bgried centastd, MMie EWT,
duct i fo N - )
D oeegs e dor B RER A PERT, EORY S PRIR S e A R 6 B insuie
i |1 um nat i on tiehexfenysialine é@lascellpclor dhsivbegsided etchimg andipolishing of sili-

transistors (BhLsaterd Il Spesbisabd HetdtiorPbrfI Bl UGS EENCHomEhin-

organic light-emtting di OLEDs) and contact-séensitive

capaci t#'rpve aryaresiatnodulesn &Ige eﬁ@ﬁ?ﬂ?%!“ﬁ‘f}prﬂg%ﬂ@ pﬁtm'g}ayer
Wagenmarfit, Heigatarfaeiilcs hindRbsisovipldtarikg bRiveseyoHLANG $he pAstucEan of dis-
2007, B. G Te[\ubner Ver | ag Wgsﬁtljaden. G%imanaqt [ng]s A. F technolodi "
Bogenschi i t z,PIAfAFARPRICAHP™ ARARWEHop Elee iy besgdancbesigphnologies o
Sem conduct ortsih:fildstrafsistors (B615), Rauid cHabsle (LUBK), adectMinmiiescEacendinly),
WO 2010/ 02284 J EP . 5315 ; -

under st andi ngﬁﬁgﬂkﬁﬁ%ggg{eﬂ%g? %’ Su@%?m&?'ﬁ%ﬁ%%%xﬁﬁ”&? %{}de
gi ven be%ow wabishiveirens@®ehi n t he scope of protection of the present
5i nvent4dn. These exanples also serve to illustrate possible
variants. Omng to the general validity of the inventive principle

descri bed, h et he exanpl es are not suitable for reducing the
scope of protection of the present application to these al one.

[1] Hans-Ginther Wagemann, Heinz Eschrich, Photovoitaik [Photovoltaics],
1st Edn., 2007, B. G. Teubner Verlag, Wiesbaden, Germany

30 -
[2] A. F. Bogenschitz, Afzpraxis fiir Halbleiter [Etching Practice for

Semiconductors], 1st Edn., 1867, Carl Hanser-Verlag, Munich, Germany
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10The tenperatures given in the exanples are always indicated in C.

I't fur- thergmre gaes w thout saying that, both in the desefiPiohehhsess
and also in e exanples, the added am)upts of the conponents in the

conpositions always add up to a total of 400% 15Exanpl e 1: A
paste is prepared from50.2 g of HNG3 (33%, 10.6 g of NH4HF, 4 g of
xant han gum and 10.6 g of isopropanol by m xing the constituents
succes20si vely with one another by vigorous stirring. The paste is
applied to aEXamReSiodul " nade from gl ass/ AZQ'aSi/Al. The | ayer
stack is etched for 3 mnutes at 100C on a hotplate. After the paste

has b dried at. 120C - eS| . .

cour e of - 255oRPRUFES Ty RN B s 3R 4ot MRt Eyalrpes
The subsequeate giraslradownthioh argqwitbimiiecicopetaf phetedtien of the pesapk in

t he et ghed ; i ' : : i
past o s pr ofPatup; Endie BRaRoldtyEe 365,15, R BosbR R ks, Ping o
HNOB (65%, fH®e gemr%gawwngﬁtb9,n’rl\@qts(yg,{gl,ncgal%,dg;onbed, however, the exam-

hydr oxyet hyl gf‘éé MO8 suftaBledfoP re i@ 1k dBpeesieprbastivh cﬁ&lﬁ‘@pres&nﬂaﬁbliw
pol yoxyet hyl ene steg'ir%e‘:g ther and 5.2 g of flanme black by mxing the
const i t uent s catigR & ”i‘?omath one anot her by vigorous stirring.

Subsequently, WD 2010/ 022849PCT/ EP2009/ 005653 - 13 - a) the paste
is applyred tq,a WAl § - m _at
soc and® " " e LR 18R ABRs S Als dClied i B3
gl ass and et ¢herthare dass Witloutisayingstheb botiTiethsadaseriptien and elst i the

subsequently Li GhE BreIBARSUMRE A thetoRboMBhRrin thé cHRbBsEBAS always
structuring of the netal IF%(%O; t akes pl ace. The subsequent

measur enent  @ddtiaatiate bet ween two points in the etched
structures gives a resistance > 30 Mohm

15 )
Example 1:

A paste is prepared from 50.2 g of HNO3 (33%), 10.6 g of NH4HF, 4 g of
xanthan gum and 10.6 g of isopropanol by mixing the constituents succes-
20 sively with one another by vigorous stirring.

The paste is applied to a "solar module” made from glass/AZO/aSi/Al. The
layer stack is etched for 3 minutes at 100°C on a hotplate. After the paste
has been dried at 120°C, the paste residues are blown off over the course of

25 2 minutes by means of a focused jet of compressed air. The subsequent
measurement of the conductivity between two points in the etched structures
gives a resistance > 30 Mohm.

Example 2:
30

A paste is prepared from 170 g of H3PO4 (85%), 20 ml of water, 10 ml of HNO;
(65%), 20 g of polyvinylpyrrolidone, 3 g of hydroxyethylcellulose, 2.3 g of poly-
oxyethylene lauryl ether, 3 g of polyoxyethylene stearyl ether and 5.2 g of
flame black by mixing the constituents successively with one another by vigor-
ous stirring.

Subsequently,

35



10 ‘Exanple 3: A paste is prepared from 170 g of H3PO4 (85%, 20 g of

NHAHF2, 20 f er, 10 mM of HNO3 (65%, 20 g of
pol yvi nyl pyr 8%10%1%%2? 3 g of hydroxyethyl- cellul ose, 2. 3P%T%¥2009/{)05653

pol yoxyet hyl ene | auryl ether or 3 g of “piﬁ yoxyet hyl ene stearyl ether
and 5.2 g of flame black by m xing the constituents successively with
one anot her by vigorous stirring. Subsequently, 20a) the paste is

applied to alum niumlayers on glass and etching is carried out for 2
mnutes at 68CERAYY it HBPE%%f%gP§'LHBWFHTB(BGSf% ORrOIRB? and@éﬁmde%ray@w
on gl ass andygiscitigipO s carried out at 60C for 10 m nutes. 25When the
etching is conplete, the paste residues are rinsed off by neans of a
jet of water@fn both cases, structuring of the netal |ayers takes
pl ace. The shptenpastt isreppiediean Mé/Af Heublerdymrtdrvglags betwiened abfor

poi ntsgin thio%ﬁ;\p?éjs 8hdictures gives a resistance > 30 Mohm 30 35
Exanpl e 4: aste 1S prepared fromb50 g of H3PO4 (85%, 6 g of
NHAHF2, 10 niThefpasi@seyidses aressypssaussily vinagd gﬁrwdmﬁaaﬁ@?a1efgofd$ater- In

pol yoxyet hyl PB?‘ Lad8eY strebliRing Jf tHe PhetBPlayereviakiy brite. Thealvsedhedt rass.
5 g of polyolerin gr | es Y fixin t he constltueﬂ'][s fSHC e%3|¥elg .
with one anoﬁH@m%& Qa;'{]tggrcgga g{lj\}l rt?%ﬁr_een two points in the efched siructures gives
a resistance > 30 Mohm.
10

Example 3:

A paste is prepared from 170 g of HaPO4 (85%), 20 g of NH4HF2, 20 ml of

15 water, 10 ml of HNO3; (65%), 20 g of polyvinylpyrrolidone, 3 g of hydroxyethyl-
celiulose, 2.3 g of polyoxyethylene lauryl ether or 3 g of polyoxyethylene
stearyl ether and 5.2 g of flame black by mixing the constituenis successively
with one another by vigorous stirring.

Subsequently,

20 a) the paste is applied to aluminium layers on glass and etching is carried out
for 2 minutes at 60°C
and
b) the paste is applied to an Mo/Al double layer on glass and etching is carried
out at 60°C for 10 minutes.

25 When the etching is complete, the paste residues are rinsed off by means of a
jet of water. In both cases, structuring of the metal layers takes place. The
subsequent measurement of the conductivity between two points in the etched
structures gives a resistance > 30 Mohm.

30 Example 4:

A paste is prepared from 50 g of H3PO4 (85%), 6 g of NHsHF2, 10 ml of
HNO3 (85%), 5 g of polyvinylpyrrolidone, 1 g of polyoxyethylene lauryl ether,
1 g of polyoxyethylene steary ether and 5 g of polyolefin granules by mixing

35 the constituents successively with one another by vigorous stirring.



WD 2010/ 022849PCT/ EP2009/ 005653 - 14 - The paste is applied to a

"sol ar rmdulg,bzg%;&zg{f,om gl ass/ AZQ aSUAI, and etching of }phErba¥&bossss
stack is carried out for 5 mnutes at 50C on a hotplate. After the

paste has been dried for 2 m nutes at 1“21)‘%:,‘ t he paste residues are
bl own of f by means of a focused jet of conpressed air. The subsequent
S5nmeasurenent of the conductivity between two points in the etched

structures gives a resistance > 30 Mh Exanple 5: 10 S IS
prepared frofs@Pagtes RRPEH (CgB0R°0 aremggqglra N%g?mlﬁaﬁ?%?ﬁé@t and
(659, 5 g oktdngyuf thel lnyer slackdearied dut forod minlitgs |zt HOAC gmean bgdatiey

O H . : !
Stirring. 16ihEES TACRERTLNE Yo GRS 41307 ipduidites

gl ass/ AZQ' aSatedblovitheff byohaansoiialiecuseddat elicampressed wity The swasaeadent
for 5 ginut e?n%:ﬁu@eﬁwﬁﬂpﬁf ﬁ@écﬁwo‘?f&;i?ﬁ&%é&n%@h& indRE eRIEl SiiRires

the | ayer stac s carried out, the paste has been dried at
120C for 2 noivgseslesisianprstd MobMjues are bl own of f by means of a
focused jet of conpressed air. 20 The subsequent neasurenent of the
conductivity between two points in the etched structures gives a
resistance >g3@nmddm Exanple 6: 25 A paste is prepared from50 g of
85% H3PO4, 6 g of NHAHF2, 10 ml of 65% HNG3, 3 g of

pol yvi Ryl pyrrolidone, 3 g of ami no-functionalised polyacrylic acid

and 6 g of pql fi | L XiLnsnt i
succesgi vel 5%%%@# gﬁ%ﬁ%gtfﬁg?%) v{:(g_q?%ﬁggsojt%ﬁﬁs r?gwmzzb;%{né QIfS
appl i ed to aHNG: 5% fud©f Pehtrinvimeraligras andZzop #Sppelefnrgranylesdry

modul et r eatgdirigthkchsuents s WeIeRBRelyOkitd ok HitcBSeraly Agb BRI, ©
of 50C on a hotplate, and etching of the layer stack is carried out.

After the 35paste has been dried at 120C for 2 mnutes, the paste
resi dueg; ar e TtHeopeste is applied to a "solar module” made from glass/AZO/aSi/Al. The

"solar module"” treated in this way is warmed for 5 minutes at a temperature
of 50°C on a hotplate, and etching of the layer stack is carried out. After the
paste has been dried at 120°C for 2 minutes, the paste residues are blown
off by means of a focused jet of compressed air.

20

The subsequent measurement of the conductivity between two points in the
etched structures gives a resistance > 30 Mohm.

05 Example 8:

A paste is prepared from 50 g of 85% H3PO4, 6 g of NHsHF3, 10 ml of 65%

HNOs, 3 g of polyvinylpyrrolidone, 3 g of amino-functionalised polyacrylic

acid and 6 g of polyolefin granules by mixing the constituents successively
30 with one another by vigorous stirring.

The paste is applied to a "solar module" made from glass/AZO/aSi/Al. The
"solar module" treated in this way is warmed for 5 minutes at a temperature
of 50°C on a hotplate, and etching of the layer stack is carried out. After the

35 paste has been dried at 120°C for 2 minutes, the paste residues are blown
off by means of a focused jet of compressed air.



of f by means of a focused jet of conpressed air. WO

2010/ 022849PCI ER2009/,005653 - 15 - The subsequent measur fFRRbP2098/0dsES
conductivity between two points in the efched structures gives a

resi stance > 30 Mohm 10 15 20 25 30 B
20101022849PCT/ EP2009/ 005653 - 16 - PATENT CLAIMS 1. Method for the
wet - chem cal edge del etion of solar cells, characterised in that an

etching paste is applied |locally t e ed f. the subsirate sur- 5
Face an. - whbh uRBBmuS meRoHehsThsl e oMtk BEvTRRT M bSigfein e
renoved, andetdhedsthetuaseyises aessiancopt 3@MdHny. cl eaned in a

sui tabl e manner and dri ed.
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2.- Method according to daim1l, characterised in that an etching

paste is 10appl. the edge of the substrate surface i p-ppphdddboseds
about one tg&tg\/\%)%g%ztr%%gnetres for the etching step. 3. Method

according to Claim1l, characterised in thaf |ayers consisting of
doped and undoped sem conductor | ayers, such as silicon, a-Si and
p-Si 15(p-i-n and n-i-p) layers, Ge and alloys thereof, or of GaAs

and ternary and quaternary m xgu of, fn d11-1V and 11-1V
sem conductors and | ayers cons?séieﬁg Efrrema all'q%rﬁwrs al alloys, such
as Al, Ag, Cu, Ni, G, M, Ta, Ti, V., W Zn, TixW, N xVy, TaxNy,

Ti xNy, and/or | s,consisting of. oxides or.m xed oxides,  suc S -
i 1 ofi dBteEhady e TrarerAEabetss deleiPasy SoBhar sl idefes in
al umi ni um zi nc thatda ¢8R0 pastads epplits IZa)y torthei addeanf thristibstrater gur-
et chedsi n one etghi S . i | _
nore of Cl ains iac({gorég]d ’gﬁ%rna;[g? er??%t(iaoci] Llsndgﬁﬁa?gZ%%%F QEFESE?%?%%ri ed
out at a tenper maved, Bpdithe suhaiater swiaceos Eptieoally cleanagimaguitable
according to ong,Hndrdmd @fiedd @inms 1 to 4, characterised in that the
paste residues are renoved after the etching step by washing or

bl owi ng of f and drying out at an el evated tenperature in the range
from 30100 t @ 1Hf4tho8.acSbrlihg tpaidie T aaeadtericsd moipt ae ighchiBY YakiRes,

L3 3 baced oRPURS watgelol Bttt 8RR e Bt dsbu ohe 16°:
7. Conposition &wocaedtimgties for Hienetehingatepi si ng 85% H3PO4, NH4HF2 and
65% HNC3 in a ratio in the range from7.5: 1. 1.8 to 9. 1. 3, based

on the weight. 58. Conposition according to Claim6 or Claim7,
conpri si ng pd. yWMeippgiacesrdiog to Claim 1, characterised in that layers consisting of

doped and undoped semiconductor layers, such as silicon, a-Si and p-Si
15 (p-i-n and n-i-p) layers, Ge and alloys thereof, or of GaAs and ternary
and quaternary mixtures thereof, or of lll-IV and ll-1V semiconductors
and layers consisting of metal or metal alloys, such as Al, Ag, Cu, Ni, Cr,
Mo, Ta, Ti, V, W, Zn, Ti,W,, NLV,, Ta,Ny, Ti\Ny, and/or layers consisting
of oxides or mixed oxides, such as indium tin oxide (ITO), indium zinc
20 oxide (1ZO), indium oxide (I0), aluminium zinc oxide (AZO), zinc oxide
(ZO) or similar oxides,
are etched in one etching step.

4. Method according to one or more of Claims 1 to 3, characterised in that
25 the etching is carried out at a temperature in the range from 30 to 100°C.

5. Method according to one or more of Claims 1 to 4, characterised in that
the paste residues are removed after the etching step by washing or
blowing off and drying out at an elevated temperature in the range from

30 100 to 150°C.

6. Stable paste composition comprising 85% HiPO4, NH4HF; and 65%
HNOQOs in a ratio in the range from 7 : 1: 1.510 10 : 1 : 3.5, based on the

weight.
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done and pol yol efin granul es as thickener. 9. Conposition

accorpli ng towg%1 Ob. 818" e of C ai ns 6 to 8, corrpr! si ng PCT/EPZ009/005653
pol yvi nyl pyrr ol ci)one, pol yol efin granul es and am no-functi onaTl se

pol yacrylic 10acid. 10. Use of a paste cbonposition according to one
or nore of Clainms 6 to 8 for the edge deletion of "solar nodul es”.
1511. Use of a paste conposition according to one or nore of Clains 6

to 8 for the etching of layers. consisting of dope n do

bom conduct of | SoBMPS ISR ACCR IEBITP LA™ Ao eemANang 8 b kS REHHF> and
n-i-p) layers, §%AANGYihayetihietieotangy frof GEASI ahg tber mar §, baskd on
guat ernary m xtyres tgﬁgr eof, or of Il-1V and I1-VI sem conductors

20and | ayers co of netal or netal alloys, such as A, Ag, Cu,
Ni, C, M, Ta, Ti, V, W Zn, TixW, N xVy, TaxNy, TixNy, and/or

| ayer sgconsi gt i ' o A h ®arall b i-Ghe
(170 i ndi ufl zp%(?%oxsﬁ}gjerp§?cz%§“,n6}tﬁggaﬁnﬁclE)Sx_l et ?é'i'lpt’rgng’wlm Vit B
oxi de (AZO), zidengrnddqly@piiporanuies ap thigkenss. 25 30

9. Composition according to one or more of Claims 6 to 8, comprising poly-
vinylpyrrolidone, polyolefin granules and amino-functionalised polyacrylic
10 acid.

10. Use of a paste composition according to one or more of Claims 6 to 8 for
the edge deletion of "solar modules".

15 11. Use of a paste composition according to one or more of Claims 6 to 8
for the etching of layers consisting of doped and undoped semiconductor
layers, such as silicon, a-Si and p-Si (p-i-n and n-i-p} layers, Ge and
alloys thereof, or of GaAs and ternary and quaternary mixtures thereof,
or of II-IV and 1I-VI semiconductors

20 and layers consisting of metal or metal alloys, such as Al, Ag, Cu, Ni, Cr,
Mo, Ta, Ti, V, W, Zn, Ti,Wy, NiyVy, TayNy, TixNy,
and/or layers consisting of oxides or mixed oxides, such as indium tin
oxide (ITO), indium zinc oxide (IZO), indium oxide (10O}, aluminium zinc

oxide (AZQ}, zinc oxide (ZO) or similar oxides.
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