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sol ar nodul es by etching The present invention relates to a fast and
| nexpensi ve net hod which can be carried out locally for the
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phot ovol tai cs "THeyinthetripbprodnciiki dfl tbun-laper sedaranedules/celjsi is glrrerily earried

modul e” i's Conﬁ}tr'ﬁ%sﬁnﬁ lhem(@@é §Féé ﬁéeltsmbatsffenﬁtah%la plicE&8) whg&h,
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35 modulefcell the functlona active layers of the ar modu es are advania-

geously divided into individual solar cells, with the support material remaining

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-called pin and nip structures,

c) a further electrode.

30
Figure 1 shows a corresponding diagrammatic structure of solar modules as
described.

35 Figure 2 shows a diagrammatic view of an encapsulation of solar modules,

as described and depicted by Hans-Giinther Wagemann and Heinz



Figure 2 shows a diagrammatic view of an encapsul ati on of sol ar
nodul es, as described and depi cted by Hans- Gunt her Wagemann and Hei nz
WO 2010/ 622849PCT/ EP2009/ 005653 - 2 - Eschrich, in: Photovoltaik
[ Phot ovol t ai c&{Q 20182284, | 2007, B. G Teubner Verlag, WESHE4MA/005653
Germany. Deviations fromthis structure-generally outlined in Figures
1 and 2 are possible in each case. After structuring of the "sol ar
nodul e", it is necessary to seal and encapsul ate the surface not
delimted by the support material (i.e. the surface which 10is
char act er i sed Hsghtitle, ideBbefovpiaik Bthaienelieissh stikeni R8T, B.dgefeybnen
order thus to rggewiegga@gk;@ﬁ]aﬁyi ght nechani cal damage and al so
agai nst cheni cal - physi cal erosion as a consequence of weathering
i nfluences (cf. Figure 2). For this purpose, the surface to be seal ed
is usually coyv R : thp% i i _
plastic £ilm o[?_é@%bﬂwé’sfgb@ﬁhe'gﬁrg t %e@egr%w%@tﬁ%d;maﬁ%ﬁgg%d %%r%pos
sequence of a sWlaimpaelycase.el enents just nentioned. The surface
sealing is bonded to the support material at the edge of the sol ar
nodul e by nmeans of adhesive bonding with the aid of multiconponent
adhesi ves and/afterlsjruchaing affthe Estilarabodiel dtiin gecegsanyiveaeahand kniapsu-
suitable for thj t t
1Bt tpB YRS nof Bl onI\Pfﬁ%%?ggrt MiReRaEe Aho hffass RARY

mat eri al nust . romthe depo . functi opa er stack
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protect the "sgl ! I i - | :

i ch can act BN FLCRMG 2 A2ERSca NG oF MecliRYRh ifluchblc WG 2). |
the further conerdkis pupese, dhesurdagssioha wealedisiupually ovaredWithIfd 9st em

]E 0 25whi Clh It her&hekyi rasisfns el eoaiily, ipkibtic e of arghss! shekt bhike same f
the suppabt mats Pl of'eb e vy S PRI pBrURE e ABRESRE e
bel ow. The edgsurthskestsialing issbofleddnths seppart watesial ai thewsioeidithe spgr
means of sand 30R|RYY Meand bf Sdidietordiey RN e Sidid Mulfddnthohent adhe-
rotating gri ndlsi\r}gs gﬁ&%lr b? rr‘rgela%rs olf?asn%rnafslgns L&HS ‘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 muliilayered 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 fo
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 particulaie impurities, as a consequence

35 of the sand jet and also partial residues of the layer stack remaining behind,



WO 2010/ 022849PCT/ EP2009/ 005653 - 3 - and secondly sintering
phenonmena in the adjacent regions of the renoved edge. In addition,

| aser technol ogy is characterised by high investnent costs. Qbjective
The obj ect of whepipoesent invention is thus to provi de a BCTIFEI2009%008653
i nexpensi ve net hod whi ch avoi ds the di sadyantages described above.
The present object furthernore consists in providing the conpositions
necessary for carrying out the nethod. Description of the invention
It has now been found that the present problemcan be solved in a

si npl e manner dn4 gedoptiiosintsiing pheasmenaa Gatte sdjacitt regibrkbithenemoved

e e, L St AR R e L

when the reaction is conplete, renoving the paste residues or

cl eaning the sybstrate surface in a suitable manner. The present

i nventiop cor ré@ﬁ&%@ ngly likewi se relates to the novel paste which
can be enployed in the nethod. The present invention furthernore
relates to an etching paste which can be enpl oyed both for the
structuring of The bbieshofdha preseailt inveptier is thug i proyidel @eimidmped inexpen-
phot ovol tai ¢ agigk MeEHOEWBRIT AUBRE MBIt dvaMENBS desémraaitove. Tie bRisent

connection, photovaltaic conponents are. .in.particul.ar and preferably
Caken 1o nean SHPH DS BReRRT rEeTbp E baBty faditeRetydhe,
cel I s i nqgeneraryinmoutiberdethod. wi th the invention, these are al so
taken to nmean in this connection thin layers to be structured which
have to be treated for the production of such conponents, preferably

of "sol ar nodubeascriptio®itheimvaniorbe made here by way of exanple, but
not conprehensively, of the follow ng: rear-contacted crystalline
solar cells with and without interdigitising contact structures,

MAVT, EWT, PEREGEERL, 5éich fOERE 184!1AE pr&ieh® probfikal Bk!soivitif alithbrd

cont act s;15edge insul ation of silicon wafers and solar cells, wafers
ShTch o 67t aamBBRBy DY PGB0 HILAI GAILPE RYTRH bUb BHCRH BTSSR o"
separ at i on andibeswétathermcalfeddel delétinpet "solhamodelek'Sby applyinkiaichiay er
sol ar nodul es, <o (QE% 4, - R i
vies in the prB%%tc ?Ngrllép%]%"so g%%ﬁ%@)l%%—%&géﬁgﬁéei I s,%gtrﬁégt{oyrl?%gm
processes duri pligte iempripgibe Paptedesiduep prgleapipaibmsebatiaie sumere n a
i 11um nation ekgmM mdpnsed Herprebenttinedntioh @airesparfdind Mkdvibdrelates to

or gani ¢ 11 ght - T dreh A OUBEN Bod b i o Bl e ()

capacitive and resistive sensors. Surprisingly, it has been possible
to devel op a PFRLYr&leiRi@nibifuHRmMBICRIdSs &k Blthiig st@Biin@n be

paste resi duss CERIPYECLEN Rpe SV aa Teshat SUSHr a Fhtal A Fpucrorelec-
tronic, photovoltaic and microelectromechanical (MEMS) components. In this
25 connection, photovoltaic components are in particular and preferably taken
{o 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 to be freated 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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10surface in a sinple manner, and the support material of the "solar
nodul e" can be cleaned. In this way, it is possible to carry out edge
del etion. w thout damagi ng the functional thin |ayers in adjacent

regi ons whi ch vao eo1dz28¢% | y adj acent to the edge wetted w REE/PREAINDOS653
The paste conposition according to the ixwention is advantageously

st orage-stabl e as such, neaning that the 15etching paste according to
the invention can be used by the user without further precautions.
Consequently, the present developnment relates to a stabilised pasty
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t hereof or of -1 sem ¢caonductor's 1 n gener
it is in each easke emagﬂeso@maw@P@ﬁsﬂglséeww Ovav&%liést'%wﬂwﬁy
usi ng et chi ng gaskgiagwhe Endivralikindhyers édnpdjayed regione Whictsarkatiretihe
production of I Lt i.S1 \ ' US| .
pastes accordi %@?%mggtﬂlﬁéee? %/(\a'\}r??t F%ﬁ‘”‘?‘ﬁi ééc’fé éﬂ%%&%?@néﬁpbﬁ%%?é%éﬁﬂgm
al so seni condulhednveriiparis adypniageonsly sleragsprable mgtsushsmepRiag that the

above- men&i onedtcﬂ;hg st dedpripg toxhel mveasier san MDused by the user without
2010/ 022849PCT[ ERP2009/ 00@%;3% - 5-1in one step. It is therefore
us ma

possible, in a EOBﬁFﬁﬁ nner, using the etching pastes
according to the invention to renove edge |ayers of "solar nodul es”

in one step. (consequently, 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 eiched 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, TiOy, TixWy, NixVy, TayNy, TiNy. The layers to be etched can also be

25 oxides or mixed oxides, such as indium tin oxide (ITQ), indium zinc oxide
(1Z0), indium oxide (10}, aluminium zinc oxide (AZ0), zinc oxide (ZO) or
similar oxides. On the other hand, they may also be doped and undoped
semiconductor layers, such as ¢-Sj, a-5i 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 guaternary mixtures thereof or of 1-1V and I-VI semiconductors
in general @,
Whereas it is in each case only possible to 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

35 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



5In order to carry out the nethod, the etching paste is deposited on
the edge region of the "solar nodule"” in a manner known to the person
skilled i.n the art, preferably by neans of dispensers, for the

pur poses of edge:dehetsion. | n order to accel erate the et chCTIBP2009/005653
process, activation and heat treatment ofgthe substrate provided wth
etching paste may optionally be carried out. The 10i ncreased
tenperature causes faster initiation of the reaction, but also accel-
erates the subsequent drying (out) and inhibition of the etching
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further |ncrea®edﬂlﬁs'fm§’fﬁ9re in order to termnate the etchi ng
operation and renove any paste residues. In a preferred procedure,
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surface by meapgrifg 1RdRsdittaRlmeeat, @anbximuieidhasisakiiovN150 A Stoukehsidie
skilled in the _art uch as, for exanple, by blow ng off by neans of

a jet of corrpr )é%e&ﬁi fr, a pressurlsed jet of gas, a jet of steam or
a jet of conpressed air saturated with water vapour or organic

sol vents 1gnd Mk ekdind fé%r@ﬁefra@y cBitied &ﬂ%élﬂémﬁé‘l@tur@tm e @Rge flyn 80 to

f |
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and m x- tur estoofermingdaihe siochingraperationrardhenmavelanytpaste wsiduasl In a pre-
cl eani ng sol ut }ongy R¥ed@, HELMML ASARCTAERSRGEPRRETRe 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, to 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 suijtable 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
are nmentioned in greater detail below Furthernore, the substrate
surfaces can be cl eaned by passing through a cleaning unit, by neans
of regi ospeci Wa2tp/02R4%and sponge cl eani ng, usi ng water, BEJERIDE/005653
solvents, mxtures thereof, including 5amgl-excluding water, and
optionally conprising further additives, such as, for exanple,
surfactants, m xtures of surfactants, conplexing agents and chel ating
agents, foaminhibitors and functional salts. Subsequent fine rinsing
using the abO\te;n’ml'lsbiaﬂmtd/elsiwtsibhngrmmwle:ﬁmtmmbswemhmhmommtibaetl
out. 10Atter tlﬁg?ﬁt&l G20 BIGH. HRincAmbiY, kK g&b%%aféﬂswéegccﬁnrb%@éhéae
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f uncti oni ng, agp@h eadldaing, using@aiendirganit aoiveats| anixtofestthereos dhanding

nodul e” gsing t I 1 h
present | nvegtquﬁiﬁefcrrqgcﬁﬂgwﬁgéﬂr gﬁ SI&HJI@ &”&?%ﬁglfg g pas tsfegtc (%Rngs for
mxture in th@mmmemumt@tﬁmw@@a@fwfanﬁws pReSHfdexisg gaentsamdarrgﬂey
suitable for tihgeh &ﬁt@gfoﬁf'n PhibitefNagd findBbm! sbﬁé/%’Lﬁ)sBHUérﬁtﬂh@ rtrfsurfghe
formof a stack, angﬁ 20t forde very p rticul u the
cdge. del ot § on 6116 s SRR dused R mBRla oot Bletudh B b oy
the invention may have the follow ng ingredients: water, and

optional ky 2504@4nhess LleRMgSsteps! Selly 8Bhnsd é&r‘ﬁéc%sre gIdhO% BBRife A Miight
organi ¢ oxi dants, | norgani or an| aC| :%el c in ¥g£ﬂ_&
and organi c t asteHepwitese Cﬁup?gf ﬂtoé‘ he 8¢ 'tfi@ts 2 Tgied 11 ydo
30t hi xot r opi ¢ @genémsalnds furtaragpaintitd funetiening, application, curing and/or lami-
nation of the "solar module” using the encapsulation materials described

above.
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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
ingredienis:
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, optionally surface-active substances, and fl ow assistants and
surfactants, 35optionally deaerators and antifoans. WO

2010/ 022849ECHEPR0ORBHO5653 -7 The organi c sol vents are PEEERIOCHNF0653
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. HNG3, H202, Na0O2, K02, Na2S208,
(NH4) 25208, 1(28208, K5H3S4018 and i norgani c peroxo conpounds, such
as NaBO02- 112027ndrgadid\Nsceins akd?ﬁ@]ferablylsa\l&mm&ndlﬂﬁ 3. THBsO 30l-

NaBr 03, KI 310 , NaCr 207, K2Cr 207,
KNNO4. | NaNCB, %?%WD@C%H?%%&? S at o (Sea?), CH3COBH,
and organi ¢ peroxo conpounds, Ce(NG3)4, Ce(SO42 (NH4)2Ce( NOG3) 6 and
the ik d t h d.
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15t he | nvent i oa:nrapmqwmﬂam’iabHNChCHm@z,é‘lﬁcécK&i ﬁm‘inQah@\l@r)zﬁz@al-K@,Oa,
H3F04, H2804 l_géﬁ’tf thord® i€ Berd8RaipouhdER R, as"lufaB(f}lﬁ"I F8f and

oo G e, MR WP

with the sane Bc’t'?&?rp
agents and CheNa[CDgng(l@geKHiIanﬁyg%eNva@nKZGQO&ﬁéMp@stlésN@s, KNO;,

el ect oa. b om WAHROENEE|HLEFIOp IR BT B O e peroxo
H2PO3F, H2P02quraﬂ@|und&=ﬁ N@a)«bﬁé(ﬁé?tﬂz,éﬂb’sl@ﬁé}m’@s)aewéii"cf’e‘ﬂ‘ievaﬂﬁi sugures

hono- | ogues t {iRkestl afelpafteablyempl@radqquest (r)) and the like may al so
be suitable.

[norganic and organic acids which may be present in the pastes according to

15 the invention are preferably acids selected from the group HNOj3, HsPOy4,
HoS04, H2SiFs, HBF4, HoPFs, HaPOsF, HoPOoF 2, HF, NH4H,F, HCOOH,
CHsCOOH and C2HsCOOH, 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 HaPOs, HF, NHsF, NH4HF,, H,SiFs, HBF4, HoPOgF,
H,PO2F2 and Titriplex I-VIll. 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
HaPQ4, NH4F, NH4HF2 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, NaQs,
KOs, NazS20s, (NH4)2520s, K2S205, KsH3S4044 in the compositions accord-
ing to the invention. From the group of the oxidants, very particular prefer-
ence is in turn given fo HNO3z and H;0..
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25These conpl exi ng agents and chel ati ng agents can be added to the
paste individually or as m xtures. Particular preference is given to
the ‘'use of H3PO4, NH4F, NH4HF2 and sim | ar conpounds, and m xtures

t hereof. 30 Theopoemsied conpl exi ng agents and chel at i NgPEYEPRIGY/@SES3
particularly preferably enployed with oxiglants selected fromthe
group HNG3, H202, Na02, K02, Na2S205, (NH4)23208, 1(28208, K5H3S40i 5
in the conpositions according to the invention. Fromthe group of the
oxi dants, very particular preference is in turn given to HNO3 and
H202. WO 201%&%§8§95’ﬁ§' WEW@(@GS?OM 8IH,HEp Bpd HND9scoribbindtion with

conpri se H3 POfliH %!E& d HNBs ! 'tﬁ'ic eﬁ'@?ﬁ %ésﬁ%ﬂkuﬂ@ talﬁef'\{ér %Gﬁ%o’[ants and |

addi ti ves, €ners, Cross ant

ot her additi ve@heha@@t"{ﬁ%@éﬁe W‘tqnotlﬂréwl?f%ﬁ%f&'ve@é‘dﬁ(ﬂh%%mSé@ﬂ’ an y
st abl e. Conpostéin@BsitibAs wmhmgpm NN E; A2 HNGL dQReset iPaeRiRAG | N

i Xi 5r at h 7
The el ot - argtRieHE ERECRbRE T i de A0 A dasegd wtgégiﬂ/gfﬁs%%ﬂ o
and 65% HNO3 haherei thetwgightgn ®aeh cpae relates 4¢ BYYaldaRD: ad60% e have in
Particularly gogd F‘&v%h'ﬁ?eﬁlt]étﬁ é@:aﬂtédéoﬁsmké wsemarw&d éﬁ:m fred il

conposi tion have ta| conposi tio

N TRaRED and rNE SEetaneeds ARGIEY Y AR o avR PRSP AR P S
7.5 : 1 : 1.8 pesifonslin:widch baRed, MH.;HFFueaméHuﬁls ar@prmntﬁa)mm@raﬂm in

addi ti onaply C{p]gpr%hﬁgf%g,} glsener $o1h pﬁrgl nqﬂém@@*l pyrrolidone,

pol yvi nyl acetate ol'efin gran ave proven particul arly
stabl e. Conpositions whi ch conpri se H3PO4 NH4FI F2 and HNG3 in the

b ti d | vol efjn.

oo s sioRtheb Mbich AOUSY SRRV B e BBl Bk
amount have pr pwmisdweeypqdavmvlcﬂﬂeéate@ndmOﬁy&Eﬂf@ graoWas titesenpoegn particu-
surface-acti vetaﬁg %ém@qe;&naayt.&es \F)hi%ﬁ%hwprEB@&PO%rﬁHQﬂPﬁ sﬁ@mrzbyn the

sel ect ed16rom

Surfactants THBSE T ates AR i Al belRus niiPloe e Raip i Branus ©
i ndi vi dual | y oand amanorutctionalised deazrcrylwctdcahnmsjltabmmaoum Igvegmoten

surfactants, V&&ﬁ% &.h, gp_:JI sodi um 25dodecyl sul fate and fatty
al cohol ethoxy such as po yoxyethylene | auryl ether, and
m xtures thereof.

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 lauryl
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, methyicellulose, hydroxyethylcellu-
lose (HEC), hydroxypropyicellulose and carboxymethyicellulose, polyvinyk
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Cct anol , pol ydi met hyl silane and simlar substances with the sane
action, and m xtures thereof, may preferably be present as deaerators
and anti-30foans. 35 In order to achieve the pasty consistency of the
conposi tions zompnddirgst o the invention, polyneric inorgafGERRAY/005653
organi c thickeners, gelling agents and negwork fornmers, such as

pol yacrylic acids, polyacryl ates, polyacrylam des, cellul ose ethers,
such as, for exanple, nethylcellul ose, hydroxyethylcellul ose (HEC),
hydr oxypr opyl cel | ul ose and carboxynet hyl cel | ul ose, polyvinyl- WO
2010/ 022849PCTyiridR068¢ (B} Dolyvinyl agstateo stademéhétex®polypatoprarides, such

acetate, star C#Bgéé?%t e rﬁwﬁar@oﬁc Baltdh g mrggjm

car ubi n, m ar a xan arose an

gel ati ne and tﬁlﬁ@ﬁﬁ"t @“‘éﬂ@'aﬁ'ﬂﬁé’d‘ qﬂtB‘FO gaéfe@gg@ o‘?fed&?cc% ?ﬁ?“pﬁ

can be used i ha¥shard be Lsear;ewpmmahegotrbs;mnagmmeaewm@n@sennmm-
Svidual Iy or as m Xt tur St ¥ner|c inorganic and organic fillers

whi ch can be dﬂgﬂﬁ YiP S?Stes are nodi fied and unnodified highly

di sperse and pyrogenlc S|I|ca gel s, flane bl ack and graphlte pl astic
waxes and granul es, glass beads and

I inte
e num o1 11 CelyBer BTN T A0S T et (Pp3 AR LS haisins are
Si npl e enbodi nipBLBieafandheretdified bighystigserse and gyrugenis il ety dlatieon

b dant , san- 1 rEPERATA Dlatite? pEstL Wekel A3 GRS, Blas3 HetBRha it

oxi dant, 4@gn in ni'c¥a )
and t hi ckener sseiinéeTsi zedlitas, W'“M%?'BCE\‘{@{b%ﬁ?“'fﬂw@“‘%ﬁ‘@v{&enﬁﬁq s
conponent s nusihehefpresent. As descri bed above, the etching pastes of
this conposition are suitable for 20etching stacks of functional thin
| ayers in one step, where the |ayer stack may have the follow ng

structure: SUDB@HU;SIe@& lrﬁbﬁ{scbﬁﬁe éicﬁﬁ{grﬁ%?éﬁéééc%ﬁ@% M\&ﬁ@@fﬁloﬁrﬁefer—

undoped sem con tor er s/ ,upper el ectro

desi red, 1si mul ?BH@@U%‘P?O Sl goqsisting of S?'N@"tﬁn@? B?‘@ﬁppé‘f'd%?rﬁ@n'ﬁr?&'df
r oughenl ng of gmnﬁﬂmﬁg tgemit@rdhalating mgpat;, &hd dhiekereas asd filldérs, Butppare

Tl erial My COLf APRR UGS hRidRIRoRIoRENE s Y prebgnsare L. the

upper el ectrod Ne Sane as ectrode 1 n a
parti cul ar enbodlnent of the "sol ar nodul e" to be treated.

As described above, the etching 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
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.

25

30
The lower electrode may in turn be fransparent and preferably consist of

indium tin oxide {ITO), indium zinc oxide (IZ0), indium oxide (!0}, 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



30 The | ower electrode may in turn be transparent and preferably
consist of indiumtin oxide (ITO, indiumzinc oxide (1ZO, indium
oxide (10), alum nium zinc oxide (AZO), zinc oxide (ZO or simlar
oxi des, whi | ewidminuppe® el ectrode can preferably consi st RSIT/ERRG02/DQH653
Cu, N, C, M, Ta, Ti, V, Wand alloys.ep-35the said elenments, with
further alloy constituents, some of which are not specified in
greater detail here, double and triple netal |ayers, where one WO
2010/ 022849PCT1EP2009/ 005653 - 10 - layer in turn conprises at |east
one netal fronmyditn gmlmprrrmises ahktshonk mieka yiont thergoblp nemdiohedahd y
oxidic and m I QARed 10
The doped and)é‘ﬁ%ﬁs %@é%ﬁ@gﬂgq})c%lﬁ?lg%ggéﬁlgéﬁlpxaﬁe%%gr st ?Egg%ﬁgsof
a "sol ar mdulmnt@ﬂ@ﬂ@béﬁﬁy 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
materi alg mentioned and may al so conpri se doped and undoped | ayers of
crystal l1ne smheodnpedcand elstﬁmnﬂui segnicandiotortayeracfithe leven stfucoasif at  of

CGe and all oys %{\? f}@ E@ﬁsﬂﬁrdf d%?éd GHALPHBREY aIBI@thr[ﬁgl {p-i-n
t her eof or of and 'I'I - 1V sen c
et ching past ensldtbPY i 21 NPIHIEGERTRY &?‘Z%@\?ﬁ?’(ﬁ’é@%ﬂ@'ﬂ“@”ﬂ@&ﬂl e

15for renmovi ngra ay bmecdmgrmsdcmeeiaaﬁoyumiopeueamgef ofystallihedadilmon. Cor-

nodul e” in a si : i n
interferimg ccfﬁ%géﬂ%'@ FaSre mfgg adﬁgtohgﬁ'y er?gple%aq‘o%ﬁ%}g%f sur\éacg
of the "sol ar ansdemary angd %@é%’ﬂadeBB%r?§/thﬁﬁ?°ft%@f8?b\ﬁ?ﬂ% ¥t 986CORhe
pastes accor didigtdre it §enery.en-

The etching pastes according to the invention are advantageously suitable

15 for removing all these layers cleanly at the edge of a "solar module” in a
single step as far as the support layer, without leaving interfering contamina-
tion behind on the remaining effective surface of the "solar module”.

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 solvenis or mixtures thereof, a jet of
solvent vapour, cryogenic aerosol (for example COz snow in a jet of COq
gas), a focused jet of water, organic solvents and mixtures of organic sol-
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,

30
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20 tion, which are fornmulated on the basis of the above-nenti oned

i ngredients of the pastes, can be applied to and deposited on the
substrate to be etched by neans of screen printing, stencil printing,
di spensi ng, dive@enise2Zééxti ng or by neans of simlar appl i Bal/E#§09/005653
met hods. The pastes according to the inwentdi on enabl e edges of "sol ar
nodul es” to be deleted in a sinple manner. Paste residues renaining
behind after the etching step carried out for the edge deletion can
be renoved fromthe surface in a sinple nmanner by neans of a suitable
cl eani ng net hadixtieas therspf, fnrluding @pt exclogingl veate n gndfdompyrisingaingherf addi-

jet of conpresged Qidh ad 1B ERAHPIeS 8GHARANEf mBBRes BF b@tacthintd ! &lefing

jet of conpressed air o ressurise as turated with water vapour
ot Wit h o han 9e5% pahckeBlinGARENRe AR TS, duscloaf e g pussE
vapour, cryogejuehtfineoseing(dsing theoatpive-raeticsedwinsingangeia. of CO2 gas),
a focuseg jet of water, organic solvents and m xtures of organic
solvents with and without water, all conprising additives specified
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invention for edge deletion are also suitable for the structuring of
t he above- descfh®etrhing bestes agpRIepde the Hvsplionaie rigfedakly saijable forthet
netal |ayers igridigrif@ofmeaf-cbavetsl anstalliay eblas taldwith and Wiboptinkedigh
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i nvention are PERCGsMERla8diRERT eoleoeelishefl weienedaes agd & the edge insula-
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5i nvention. These exanples also serve to illustrate possible
variants. OMng to the general validity of the inventive principle
descri bed, however, the exanples are not suitable for reducing the
scope of proté’&?%wﬂﬁﬁﬁt he present application to these a‘TQSW@g'mf@W?
tenperatures given in the exanples are all®ays indicated in C. It fur-
t hernore goes w thout saying that, both in the description and al so
in the exanples, the added anobunts of the conponents in the
conpositions always add up to a total of 100% 15Exanple 1: A
paste is prepdxsunplesin 50.2 g of HNO3 (33%, 10.6 g of NH4HF, 4 g of
xant han gum and 10.6 g of isopr opanol by mxing the constituents

succes20si vel y, one ,an by, v St I e pa

2ppl 1ed o a tinaterDieRERnla o 1 HaPERS) R bt m M BRdplst
stack i s et chedefgivercbeipwwlich ate wilia toa saomfmrate@tlombf tiﬂle pregeniast e
has beensdrieq, @énn%%oﬁ—?heé@@xmﬁee als%sséw@% ﬁiﬁ@tré&b% mafefva%ﬁfs O¥fing to

course of 252 m nutes Néh’{ﬁ% rﬁ hocu sed Ij resseqd air.
The subsequentth ﬁ@&é‘ﬁf% of Y'?\@W@B RSP ?ﬁeﬁ‘é W\Wkﬂer @,
the etched st rgies aureesoigguitabledior eslusirgrioe seopd ommctlﬁnaxfrtﬂeepmsem appli-
paste is prep 7 f H3PO4 (85%, 20 m of water, 10 m of
HNOB (65%, 2 agg&tg’%%eﬁﬁﬁpyrrol i done, 3 g of

hydr oxyet hyl cel | ul ose, 2.3 g of pol yoxyethylene |auryl ether, 3 g of
pol yoxyetidyl enphsicpaperbtietd givenndite éxampslés bicatwabs ielicdyd im °0. tigiut-he

Subscquent | y, “Pop o silediBad00, 1ihatls 4E95RH5n 4 plig e

is applied to exaraplas the@ddedpaounts of thesompenenisiadhg spimposiioria always
60C and add up 1o a total of 100%.

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 fo 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 mi 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



b) the paste is applied to an Md/ Al double |ayer on glass and etched
at for 510 m nutes 60C. The paste residues are subsequently rinsed
off by means of a jet of water. In both cases, structuring of the
metal |ayers tRe¥08I28¢%. The subsequent measurement of tHel/EPZ009/005653
conductivity between two points in the eti@hed structures gives a

resi stance > 30 Mohm 10 Exanple 3: A paste is prepared from170 g
of H3PO4 (85%, 20 g of NH4HF2, 20 m of 15water, 10 ml of HNC3
(65%, 20 g of polyvinylpyrrolidone, 3 g of hydroxyethyl- cellulose,
2.3 g of pol yoxyhe ivgbtenia apaliey to ap ghimiBiunglayenen glesy exy etehgpddae2 min-
stearyl ether apdzbegde@ of flanme black by m xing the constituents
successively wth one another by vigorous stirring. Subsequently,

20a) the pasté®% applied to alumniumlayers on glass and etching is
carried out fd)the pestsisspplicediCaaMb/p)dauide [syet en glasagpHistchadoatdar
Mo/ Al dogbl e | ayglinRBs 8bass and etching is carried out at 60C for 10
m nut es. 25When the etching is cqonplete, the EP%Ete resi dues ar

e
rinsed of f by hiRestgegidjies ags gHeNfy TR PTERE means of gdet gt RS fn
the nmetal | aydi&htcakes, gituateingTdfehe niedaldayens takeala@n@he sabséduent mea-
conductivity b | Si.r: [ .
conduct i vi 1Y DSIRER: bR BLS fesh KIS Hoifly HHAY ERAeH SHBEes 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-
cellulose, 2.3 g of polyoxyethylene lauryl ether or 3 g of polyoxyethylene
stearyl ether and 5.2 g of flame black by mixing the constituents 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 eiching 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 HsPO4 (85%), 6 g of NH4HF>, 10 ml of
HNO3 (65%), 5 g of polyvinylpyrrolidone, 1 g of polyoxyethylene lauryl ether,
1 g of polyoxyethylene steary ether and 5 g of polyoclefin granules by mixing

35 the constituents successively with one another by vigorous stirring.



A paste is prepared from50 g of H3BPO4 (85%, 6 g of NHAHF2, 10 ml of
HNO3 (65%, 5 g of polyvinylpyrrolidone, 1 g of pol yoxyet hyI ene
lauryl ether, 1 g of polyoxyethylene steary ether and 5

pol yol efi n gréﬁ‘f@u?‘é@’“@*ﬁ‘*gm xi ng the constituents successi veYQIT’W?PW’QQ?%f’
anot her by vigorous stirring. WO 2010/ 822849PCT/ EP2009/ 005653 - 14 -
The paste is applied to a "solar nodul e" nmade from gl ass/ AZQ/ aSi / Al
and etching of the layer stack is carried out for 5 mnutes at 50C on
a hotplate. After the paste has been dried for 2 mnutes at 120C the
paste resi duesThe pagie dwappliad i9ya raslaidnaesulel madediem gless/dZOkpithlcart d

ai r. The subsegugng o'ém@yéseﬁak |§éarfiék$oﬁpf@daqﬁlh\4tets}ht%?®@ﬂrh holate.
£ 10°A past e .fierBE% Bbtadas b e By 2 AR 50 Colts Rk IeRaaT 1
m of HNOB (654 blavy oﬁ‘fbypveglw ala mnused i&i@ﬁ@omneeaseg a(!rf The Isybis%:fuamt

granul essby. m xbagubfiferf 6Pid dorRbAvigRRAESH ¥R Poittd 1 1RO BIRABAIhEGNG
vi gorous stirri.ng a%(f&lro'hs applied to a "solar nodul
from gl ass/ AZCQ‘&§ ?A‘PS'SF’F‘HES' Fbdul e* treated in this vvay is

warmed for 5 minutes at a tenperature of 50C on a hotplate, and
etching of the layer stack is carried out. After the paste has been
dried at 120C Examplei:nutes, the paste residues are bl own off by
nmeans of a focused jet of corrpressed air. 20 The subsequent

measur eng@dt of the conductivity between two points in the etched
structures gi vRpasty iesirspaeddrom 30 ghftipP Cax @863} €6 §:of R AFpaHl =l bb

prepared from R Ijg%)ﬁ 3
g of polyvi nylﬁ)&ggéﬁl g b@p%vn@%rr&d#ﬂéﬁ%ﬁ% ]cﬁ «;‘yé)ﬂi]c 6€(E})acr g
acid and 6 g ofieg i r@nshtt@n W@@swevnwﬂwr@etwtw@wweﬁw irring.
successively 30w th one another by vigorous stirring.

i5 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
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.

o5 Example 6:

A paste is prepared from 50 g of 86% H3iPOq, 6 g of NH4HF3, 10 ml of 65%

HNQOs3, 3 g of polyvinylpyrrolidone, 3 g of amino-functionalised polyacrylic

acid and 6 g of polyoclefin 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 eiching 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.



The paste is applied to a "solar nodul e” nade from gl ass/ AZOQ' aSi / Al .
The "sol ar nodul e" treated in this way is warmed for 5 mnutes at a
t enperature of 50C on a hotplate, and etching of the layer stack is
carried out. AYQeHOPRE35paste has been dried at 120C f or POVFRAPASS53
t he paste residues are blown off by neanslbof a focused jet of
conpressed air. WD 2010/ 022849PCT/ EP2009/ 005653 - 15 - The
subsequent neasurenent of the conductivity between two points in the
etched structures gives a resistance > 30 Mohm 10 15 20 25 30 16
dains 1. Methowe $‘3?Seﬂﬁénb\meﬁéﬂ@'?@%|0fﬁlﬂ’g“é’f\ﬂ'ép@{'ﬁy&?t‘ﬁﬁe'&mfbpoﬁtﬁ inghe
charact eri sed dighédafrugtlred! giteg rsistafce SIBIMShY 85% HIPO4, NHAHF2
and 65% HNO3 in a ratio in a range from7: 1: 1.5 to 10: 1. 3.5,
based on the weight, is applied locally to the edge of the substrate
surface, and, when the reaction is conplete, the paste residues are
removed, 5and, if necessary, the substrate surface is cleaned in a

sui tabl e manner and dri ed.
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2.

HefoltdiraBE e R8s IedMel 00 a'sRitdnE thanner and dried,

Method according to Claim 1, characterised in that an etching paste Is
applied to the edge of the substrate surface in a width of about one to
two centimetres for the etching step.

Method according to Claim 1, characterised in that 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 Ill-IV and [I-[V semiconductors
and layers consisting of metal or metal alloys, such as Al, Ag, Cu, Ni, Cr,
Mo, Ta, Ti, V, W, Zn, TiWy, Ni,\Vy, Ta,Ny, TizNy, and/or layers consisting
of oxides or mixed oxides, such as indium tin oxide (ITO), indiur Zine
oxide (1ZQ), indium oxide (10}, aluminium zinc oxide (AZO), zinc oxide
(ZO) or similar oxides,

are eiched in one siep.

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

Method according t¢ 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
100 to 150°C.



