WD 20081052636 PCTI EP2007/ 008662 -1 Particl e-containing etching pastes for
silicon surfaces and | ayers The present invention relates to
particl e-contai ni ng}ﬁetchi ng media in the formof etching pastes which are

suitabl e for WOPRPBASEI6or sel ective etch 5 ing of extrenel yPET/KB2007/AEE6,
stauctures in silicon surfaces and |ayers-1and in glass-Ilike surfaces forned
fromsuitable silicon conpounds. The present invention also relates to the
use of the pastes according to the invention in processes for the etching
of such surfaces. 10 Prior ,art C.Ipn_the photavol taics, electroni and
seni conduct or _iattielereantaining gtching pastes fo1 i 9ensslwfaceﬁtaé!5 layors by
wet -chem cal nethods in dip baths. This full-area etching can be carried
out either in an acidic, 15 nedium,(jisotropic,etchin or.i.n_an _alkaline
meci um (ani sot T 0B FECEPEHNueRGPN Tapied o BRI ERGaIng Picind TuBHiy Bése o
m xt ure; of hyfdrof bﬁetdrﬁngqmslesgminhtaﬁecsnlaica?Me fohifuw—aireaairkﬁélgo&v;etdatmng,
strong bases, .suc sodi u roxide.solution. potass i
solutiony tet r@ﬁe{}ﬁ%%regﬁ%gnﬁ?&%imr 8&%@‘?%—1’” s@lctg ) sgﬁélcﬁge%ﬁu@r{?ﬁysused.
20 I'n order t ocamd dnlglassHikersafadesforaiexhfnogn salitable siliconscompounds. (Tther
exanpl e for bugi . ' [ {1 t -ar | : am
pl e polish et %@5%”?é@ﬁ@@@%‘%g‘?mﬁﬁ‘é?ﬁ%‘%%ptm?\??%t% %E‘L-C@m{éé%ron@é and
expensi ve procayentopps precesses foritbe eiching of suak spinfacessi t hogra 25 phic
maski ng process known to the person skilled in the art, were necessary
before the actual etching step up until sone tinme ago. In a masking process
of this t@pe, Prerard, t i ng material is usually a sili- con wafer. A dense
oxi de layer is produced thereon by thermal oxida- 30 tion and structured as
foleows. By coating with a photoresist, subsequent drying, exposure.to U/
|i$§) usi ng dNpHi ARAIRVOLAIESs GlREHRRIGE ARG SUPIRANAUCE elrafft_p%aesgsum-
eL e? at ,thf d%ﬁ@@%@ﬁnﬂ fayts érféeBﬂéﬁ@tﬁh@o}lPyﬂgefltﬁéﬁfibulgh}éthéésgp ai@;f The
o< ves s vihe FATSIGS QR (B aried ut it FAF “aderd
15 medium (isotropic etching) or in an alkaline medium (anisotropic etch-
Ing). In acidic etching, use is frequently made of mixtures of hydrofiuoric
ing). | idic etching is fi tl de of mixt f hydrofluori
acid and nitric acid, while in alkaline etching, strong bases, such as
sodium hydroxide solution, potassium hydroxide solution, tetramethyl-
ammonium hydroxide (TMAH), etc., are frequently used.
20
In order to produce defined, fine etching patterns or structures (for
example for buried structures) in addition to full-area etching (for exam-
ple polish etches, texture etches), material-intensive, time-consuming
C and expensive process steps, such as, for example, the photolithogra-
25 phic masking process known to the person skilled in the art, were

necessary before the actual etching step up until some time ago.

In a masking process of this type, the starting material is usually a sili-
con wafer. A dense oxide layer is produced thereon by thermal oxida-
30 tion and structured as follows.

By coating with a photoresist, subsequent drying, exposure to UV light
using a photomask, and subsequent development, the oxide is uncov-
ered at the desired points and then removed using hydrofluoric acid.
35 The photoresist which still remains is subsequently removed
(“stripped”), for example using a solvent. The Si wafer thus provided



WO 2008/ 052636 PCT/ EP2007/008662 -2 with an oxi de mask can then be etched
selectively at the points not cov- ered by the oxide in a strong base, such

as, for exa The oxide nask is resistant to t
sel ecti ve e%&ﬁ&‘%ﬁéﬁg silicon, the oxide mask is usuall EST@%@Z!H&Q%Z& n
usi ng hydrofluoric acid. 5 Lithographic p2ecesses of this type are not used

in the industrial pro- duction of solar cells for cost reasons [1]. However,
sel ective structuring or opening of the silicon surface or layer is also
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be carrigd out nechanlcally by laser cutting or in a dry-etching process,

such as plasnma etchin 20 Di sadvantages of mechani cal parting, far exanple
grindi ng-of f okithographis preggsses @fithis fypruaretet ysedna heoindustaal precess
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net al past e) roduce nechani c stress, ause crysta def ec
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hydrocar bons, mediffedprdductivri prédebsor C2F6 gas, in expensive vacuum
eqU|pnent In this process, the cells are stacked in advance and etched at

the cell nges in the plasnma-etching unit. Considerabl e handling probl ens
during stacki nguifigatie productidreof ka etdadard silicont selanerel], thecpur junctiom s

pr geess. These h
fultre since th %65%4%& B8 nr B8l St if 15 Rea e E oBBEA e For e
pol ycryst al | i nexarapleé byrgas diffusign snilzsPOCEgoven. :m@nmopeﬂ)smaoedayet withhe
St a thickness of about 500 nm is formed around the entire wafer and has

15 to be partially opened or parted for the later photovoltaic application.

This opening can be carried out mechanically by laser cutting or in a
dry-etching process, such as plasma etching.

20 Disadvantages of mechanical parting, for example grinding-off of the
cell edges in the final step of the production process (after metallisa-
tion), are associated with losses of silicon material (and metal paste),
produce mechanical stress, and may cause crystal defects in the solar
cell.

25
Plasma etching is carried out with fluorinated hydrocarbons, for example
with CF, or C,Fg gas, in expensive vacuum equipment. In this process,
the cells are stacked in advance and etched at the cell edges in the
plasma-etching unit. Considerable handling problems during stacking

30 and high wafer breakage rates frequently occur in this process. These
technological problems will intensify even more in the future since the
aim is, owing to high material costs, to use ever thinner polycrystalline
silicon starting substrates (< 200 um) compared with the substrate
thicknesses of 250-330 um which are usual today.

35



t hi cknesses of 250-330 pm which are usual today. 35 WD 2008/ 052636

PCT/ EP2007/ 008662 -3- OM ng to the requisite linear (XY) novenent of the
punctiform|aser source, parting of the p-n junction by laser is a

ti me- consumi YO 20885236 hput - | i mi ting process. The i nvest menPCRERIGT/S66X hi s
are consider- able. In addition, |ocal cry8tal defects are generated. 5 In
expensi ve processes for the production of a selective emtter, which have
currently only been devel oped and used on a | aboratory scale t he
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et chi ng, e.maéﬁ,rthee@ntmwaéerrig n 3@0% such as, for exanple, SF6
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15 areas with a depth of 2-3 um (areas without oxide mask and later lying
under the contacts) with a doping concentration of about 1*10%° cm™
and a flat (0.5-1 um) n*-doped emitter over the entire solar cell with a
doping concentration of about 1*10'® cm™.

20 An alternative to the lithography method is the use of screen-printed
contact lines as etching mask. For the production thereof, both wet-
chemical and plasma-chemical etching are described in the literature.
Disadvantages of dipping the screen-printed solar cell into a mixture of

- HF/HNO; - besides the intended removal of silicon between the contact

25 lines — are attack of the silicon beneath the contact lines and the etching
damage that may arise in the metal contact lines themselves. This
causes rapid impairment of the fill factor [3].

Plasma-chemical etching (reactive ion etching, RIE) is carried out using

30 gases, such as, for example, SFs or SF¢/O,, in expensive vacuum
equipment and with considerable technological optimisation effort for
the process [4], [5], [6].

Besides the formation of the selective emitter, the silicon surface here is
35 structured (roughened, “textured”) on the emitter side in such a way that
the antireflection behaviour of the solar cell improves.



Besides the formation of the selective emtter, the silicon surface here is

35 structured (roughened, "textured") on the emtter side in such a way that
t he antlreflsgé @p quaV|our of the solar cell inproves. WO 2008/ 052636

PCT/ EP2007/ 00888%%%4285%00 2004/ 032218 Al di scl oses a si rrp||fF‘e‘HEB%“86’8‘£8§6

whi ch extrenely fine lines or structures-4re produced in the wafer surfaces
by the action of selectively printed-on alkaline etching pastes. The pastes
used are particle-free conmpositions in which, for exanple, KOH or NaOH act
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pastes in the es or structures deliquesce. Wth 15 increasing
exposure tinme, printed-on |lines broaden due to this effect. The |iquefying

and deli quesci,ﬂgdigﬁaygﬁt g%“BF' tﬁ%ﬁ‘? %téﬁi?\g {)aé%‘% Eﬁn‘ﬂiﬁ &rﬁiﬁgﬁﬁpﬂmd?éﬁ” to

etch surfaces wer e e ‘maxl nmu
achi evabl e et dAEn@r GEGHIUM, ayqirqaed%ds Bbetﬂéongdwgraﬁt:ommtm iThis cansgadthe o
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By cont i@t Al TR the UedietWEss is Apibatian i Snd 45 dpaua)dian:
LT S s ot o
ookt types | wedkened i indrising SteBcabaomoRf S esing dnertt Misoscs
- o- cosity of the paste decreases due to the liquid taken up, and the
printed-on pastes in the form. of lines or structures deliquesce. With
15 increasing exposure time, printed-on lines broaden due to this effect.
The liquefying and deliquescing pastes round the sides of the etched
trenches and start to etch surfaces which were previously intact. At the
same time, the maximum achievable etching depth is limited by the
constant dilution. In addition, only pure silicon surfaces can be
20 structured with sufficient speed in an industrial process using the known
pastes comprising potassium hydroxide. By contrast, it has hitherto
been necessary for multilayered systems consisting of pure silicon
layers and layers of silicon derivatives, for example of phosphosilicate
. glass, to be etched successively with different paste types in successive
C’ 25 steps.
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10 Description of the invention C The object is achieved, in particular, by
the provision of an etching nediumfor etching silicon surfaces and | ayers
in the formof a thick- ened, paste-form al kaline conposition which,
besdi es sui t abbeousszden- 15 ers, conprises extrenely fine, PCDRPI0BT/008062

pol yner particles. Particle-containing, algaline conpositions of this type
can be prepared inexpensively. They can be applied rapidly and selectively
to the areas to be etched, for exanple using a screen printer or a

di spenser. The 20 desired etching process is carried out, preferably at

el evat ed tenpeDbjedtures, after the paste has been printed on in the form of
extrenely fine I nes and structures. Surprisingly, the particles present
have a stabilising action here on the shapes of the printed-on |ines and
structures of The objectafthegpresent invarttiadets thesefdre togrovideca cregspandf t he
p-n junctions ; 4 ' = ) i e

b oduced i n miod SRS AN flexpertive Brocess, i biching pRite hicham B

et chi ng Hast eserapﬁwed fgetain; iepablingethe eisadvantages sard tprobjemseoutiivesf t he
novel et ching é%ofﬁé'z%\{oiégdtéﬁcf%fﬂwé%ﬁ’é oipe alle bpicbﬁes@ﬁ{abééfquﬁffbbon
C , _ enabli under t Icon |l a

behavi our of the solar ce g ] cutting o he si yers at
ri dges, edges elsbedrselectively for éhe msaduetion of gimitiers @nst inpeedasmiceimpreave
present | nventth@naﬁtﬂ{éﬁ efbalthdviod Printabl e and di spensable 35 alkaline
etching nmediumin the Forn1of a particle-containing etching paste which
conprises WD 2008/ 052636 PCT/ EP2007/008662 -7- a. at |east one solvent, b.

optional{y thiD&sripioratthe inventidt remely fine organic particles having a
|l ow nelting point and optionalTy extrenely fine inorganic particles, 5 d.

optjonally additives, such as antifoans, thixotropic agents, flow control

aguat s, deaer drloe sobjedhdsi achipvedptier particlar, by thagpravisiom of af fetchinge in
the process a%%ﬁ?dnqgfc}roettcﬂ?ng silicon surfaces and layers in the form of a thick-
ened, paste-form, alkaline composition which, besdies suitable thicken-

15 ers, comprises extremely fine, low-melting polymer particles.

Particle-containing, alkaline compositions of this type can be prepared
inexpensively. They can be applied rapidly and selectively to the areas
to be etched, for example using a screen printer or a dispenser. The

20 desired etching process is carried out, preferably at elevated tempera-
tures, after the paste has been printed on in the form of extremely fine
lines and structures. Surprisingly, the particles present have a stabilising
action here on the shapes of the printed-on lines and structures of the
etching pastes.

O

25
Besides the described opening of the p-n junctions of a solar cell, se-

lective (also two-stage) emitters are produced in mass production by
selective etching of silicon using the etching pastes according to the
invention. At the same time, the use of the novel etching pastes facili-

30 tates an improvement in the antireflection behaviour of the solar cell,
enabling undercutting of the silicon layers at ridges, edges and in
etched trenches to be inhibited or prevented.

The present invention thus relates to a printable and dispensable
35 alkaline etching medium in the form of a particle-containing etching
paste which comprises



I nvention at tenperatures higher than 70C, it can preferably be 10 enpl oyed
at tenperatures above 150C, but |ower than 200C, with |ownelting particles
present nelting. Etching nedia according to the invention conprise, as

et chi ng conﬁ%&é?ﬂs,ﬂ’%ﬁ%or gani ¢ or inorganic base, preferabl YCHEPI8Z8986¢me
15 conponent selected fromthe group sodi uph-hydroxi de, potassi um hydroxide,
ammoni a, et hanol am ne, ethyl enedi am ne, tetraal kyl - anmoni um hydr oxi de or a
m xture of these bases. It is also possible to enploy m xtures, such as,
for exanple, ethylenedi am ne/pyro- catechol, ethanol am ne/gallic acid.
However , basesa-f%/to\ﬂqsﬂ@ﬂ@ ﬁ@ﬂV%@arrentioned group are preferentially used for

this purpose. [Soghtioghaly dhRKe¥ingHYgéxitspot assi um hydroxi de are particularly
preferentially used a eﬁchi ng canponents i B t he conpositi Accor di ngly,
mﬁjyt e

i ons.

ot chi ng medi a G AMRYL BneHerganiEnbAEICIgse Naving & dowpmelling:eant 2hd) or
KOH as et ching coptionaity extremepnfietindirgani®patrticles50% 25 by wei ght,
preferably 5 té) 48% bé Ivvelcghi. based ,on the .tot al &ﬁmﬂiﬁt . Agl@\e%iﬁen l| al
constitunt ofItPRUPAANKAJALYES: RHGH, ashantifQams: JNiXQieRie Pad@tis! y

i nfl uences the etemirobagestsdaeaerdtors]| adbaesioRpronvaterse powders. These may
be both inorganic and organic pow ders. They are preferably organic pol yner

powders having a low nelting point. Polyolefin powders have proven
particul arly sThisalgtehingespediuahl is effective lirnthe pobgpsspateording to the

el ng_poi nt BRCRUCR, 2t BRMRETAryrES, Rdher thah, 78°CL T ca IR caty PR °
pastes. fOr temm@mdraitﬁecmpefamjﬁesmimmj%ﬁﬁ,ebpbmﬂgtfp@mﬂﬁfcixow@rs
can WD 2008/ 05%@%%@%&3&9&%%@%'%%ﬁgﬁ? dded in an anmount of 1 to 50%

by i ght, prefera a nge from10 to 50% by wei ght,
ba¥d on the total anount of the conposition. Experinents have shown t hat

poth the ~BrinticHing" médid addtidhig! fo ! fHe TiflEnflor Lombrise, | a8cetéting
y 5 fine stPuctures 1s possible wth a good result if the particles

of the component, an organic or inorganic base, preferably at least one
15 component selected from the group sodium hydroxide, potassium
hydroxide, ammonia, ethanolamine, ethylenediamine, tetraalkyi-

ammonium hydroxide or a mixture of these bases. It is also possible

to employ mixtures, such as, for example, ethylenediamine/pyro-

catechol, ethanolamine/gallic acid. However, bases from the first-

20 mentioned group are preferentially used for this purpose. Sodium
hydroxide and/or potassium hydroxide are particularly preferentially

used as etching components in the compositions. Accordingly,

etching media according to the invention preferably comprise NaOH

C and/or KOH as etching component in a concentration of 2 to 50%
25 by weight, preferably 5 to 48% by weight, based on the total
amount.

An essential constituent of the pastes according to the invention
which advantageously influences the etching result are finely par-
30 ticulate powders. These may be both inorganic and organic pow-
ders. They are preferably organic polymer powders having a low
melting point. Polyolefin powders have proven particularly suitable,
especially polyethylene, polypropylene or corresponding copolymer
powders. In particular, polymer powders having a melting point
35 below 150°C give particularly good results on use of the pastes. For
the preparation of the pastes, corresponding polymer powders can



pol ymer powders used have relative particle dianeters in the range from 10
nmto 30 pm Particularly good print results are achieved on use of powders
having rel ative particle diameters of 1 to 10 pm and if the viscosity of

the paste is wo200s%sbd3gbl € range. The pastes 10 can be prinpegppsioyosssd 1 f
they have a viscosity in the range from 208 to 40 Pas. Preference is given

to the use of etching pastes which have a“viscosity in the range from25 to
35 Pas. Furthernore, a part of the organic pol yner powders may be 15
repl aced by inorganic finely particul ate powders. |norganic powders which
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sel ect edgfrom fihe stgmomweecgt pQBSMGamtheahgd)oa dw(ﬂmfntihe partick ot the

hyd h - i,dl h | |
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m xt ures whi chardnprtheeviscolsityodf tme pagteois ima suitablerramgeanbihal pastaesom

the secong o1 Qi bEBRtEN iy WEITERE Railehs vied Oy (Gl aRRA RUH Y.

conprise'sol vehts 1h"an prefer
amount of 15 tt® 495Pasy Hvafgmnc@asegiwem tmdheouae @frremmngf pavstaemhmlm 35

V\OQOO8/ 05263%5@/&5@%@%@4&0@6@% r%nggrﬂaoﬁ\tfét c%‘%r according to the

I nvention furthernore conp ckener se om the group
consi sting of hydroxyal kyl guar, xanthan gum cellul ose and/or ethyl -

hydr oxypropyl -FQfth@Y¥fHSteY- a part of the organic polymer powders may be
15 replaced by inorganic finely particulate powders. Inorganic powders
which can be added are preferably extremely fine graphite or

extremely fine carbon-black powder.

Solvents which may be present in the etching media according to

20 the invention are those selected from the group water, isopropanol,
diethylene glycol, dipropylene glycol, polyethylene glycols, 1,2-pro-
panediol, 1,4-butanediol, 1,3-butanediol, glycerol, 1,5-pentanediol,
2-ethyl-1-hexanol or mixtures thereof, or solvents selected from the
group acetophenone, methyl-2-hexanone, 2-octanone, 4-hydroxy-4-

25 methyl-2-pentanone, 1-methyl-2-pyrrolidone, ethylene glycol mono-
butyl ether, ethylene glycol monomethyl ether, triethylene glycol
monomethyl ether, diethylene glycol monobutyl ether, dipropylene
glycol monomethyl ether, carboxylic acid esters, such as [2,2-
butoxy(ethoxy)lethyl acetate, propylene carbonate, in pure form or

30 in the form of a mixture or mixtures which comprise both solvents
from the first group and also from the second group. The etching
media according to the invention usually comprise solvents in an
amount of 10 to 90% by weight, preferably in an amount of 15 to
85% by weight, based on the total amount of the medium.

C
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et hyl cel | ul ose, carboxynet hyl cel |l ul ose, sodi um car boxynet hyl 5

hydr oxyet hyl cel | ul ose, honopol yners or copol yners based on functionalised
vinyl units of acrylic acid, acrylates and al kyl meth- acryl ates (Cl0-C30),
i ndi vi dual | y wo 2008/082686xt ure in an anount of from 0.5 to 2péfafpyr008068862
preferably from1l to 10% by wei ght, based_gq the total anmount of the
et’ching nedium 10 Besides these conponent’, additives selected fromthe
group con- sisting of antifoans, thixotropic agents, flow control agents,
deaerators and adhesi on pronoters nay be present in an anount of fromO to

2% by wei ght, Pheegtching hheddd dccardiny to theridicntiors finakens ore VEohpareus
properties for tEe desi red r QPe ar e for exanPIe C ci al avai l abl e
Bnt i foams, such 1ICKaNRT SSIAaiel Tomptee)onetinrEnRIsting, ol Ydsopyaldatar. such
as BYK(r) 410, xd&othan gl ) cdlibose, ar@ofl@mmnhgdfomﬂ@w- DchydsoXy=CO( 1)
dide ZG 400, : h TE 985 oy dh :
such as Bayonet (hjcetdlese.* FErrtiamamyibeliuice ndeliurta A by e b ng
Sﬁit ia: Iegdi5ﬁefﬁrlhyodnio){yeihyldmmbga;enhgm?;imllynge$ girt mmolwgw'reg basede o;mg: son
comercially M‘f‘b"d@}s&‘gg’ﬁﬁﬂsaﬁﬂ?h&{ ﬁé“&@%@gt iagq%ypaﬁﬁé gégeﬁﬁﬁ@?{mgy& or

in this connecatiyates (EhaCaphendidduatly af irsacmixddetinvas ampuot ef from

product propergi It pesi¢i I j i ed
Ut are ol oo P20 ) WHANERBRILEBY. #oRT R RUTBA hEKRINE e g ¥
posi tive 30 i ntheutotadasnountopthatetbhing mediume et chi ng paste. Besides the
novel etEGing paste, the present invention also relates to a process for

t he sel eCtive etching of silicon surfaces and |ayers in which the etching
nedi um i s appl Begidgethese composentsaadditbees siadeeiatfomnthec gsedRRENW t h

oL Gt o g SSUEE, BRSariBahe S Slka BBl i, TR Ainide sgertse o
deaerators and adhesion promoters may be present in an amount
of from 0 to 2% by weight, based on the total amount.

15
Additives having advantageous properties for the desired purpose are,
for example, commercially available
antifoams, such as, for example, TEGO® Foamex N,
thixotropic agents, such as BYK® 410, Borchigel® Thixo2,
20 flow-control agents, such as TEGO® Glide ZG 400,
deaerators, such as TEGO® Airex 985 or
adhesion promoters, such as Bayowet® FT 929.
Further additives are mentioned in the following detailed description of

. the invention. It goes without saying to the person skilled in the art that

25 these additives may also be replaced by other commercially available

products with the same action. The essential factor in this connection is
that the addition of such additives improves the product properties.

Additives specifically employed in experiments carried out are also
indicated in the examples given below. These may have a positive

30 influence on the printability of the etching paste.

Besides the novel etching paste, the present invention also relates
to a process for the selective etching of silicon surfaces and layers
in which the etching medium is applied over the entire area or
35 selectively in accordance with an etching structure mask specifically
only to the areas of the surface at which etching is desired. After



-10- the selected exposure time of 30 s to 5 min at a tenperature above the
nmel ting point of the powder particles present in the etching paste, the
et'ching nediumis renoved again. 5 In accordance with the invention, the

et ching nmedi IHPA0BO5UB6 2 tenperature in the range from hi gREFEPHARO086E t o
about 150C, preferably higher, but at temgeratures |ower than 200C. The
action tenperature is preferably set to a tenperature higher than the

mel ting point of the polynmer particles added, preferably higher than 10
150C, but as far as possible not higher than 200C. The activation and
setting of thdheesplaciedrexposurs tme &f130 Sata Pemnin@at ajemparatere aboyger gy,

particul arl %/hghg ?ﬂéﬁlr}%%mh? 6fi(ih§t bgwqémﬁﬂcﬁéj%%feﬂfcﬁ{ thgei hgd by

i nvention, e surrace to

a screen, tenh@gte, 1p 3oetch$mafmed|um 'Fé'telT(WV@rdrﬁﬂﬁmprl nting process or in a
di spensing tech- nique. After the exposure time and after etching, the
etching nedi tjmls rinsed off with water or apother solvent or with a

sol vent Sni xt Ne acg@raaace: Withdgheedentienr dhegetehinge madiunni aste At Be
ssed 11 L. Sbersmnacee i, (UM Hgher RTIOTNG! o eoECNY,
production of RicleRPlyJaighes; E’éﬁlqtste"ég%&ﬁ%ﬁﬁ OW&WBﬁé‘ngélb ¢ nghq 8Fl8Nchi ng
'Sl'lh l'i con sulrfaq?mpeﬁ%twe@ ;Bmfem@lsvi Rett fie #- nampe@éun@ Hl@héFJ'tWarPethbS

ey can al sO pe,use silicon,.surfa
b oducton of MeLiRghaink of et BohFher MRS, ARGe0, AEfedbiy hyoBerihEn

surfacesy@nd | BB, bUt%nd far aslposdible lnmrm heg ththZQOfCréﬁeeabtlvatlon
con surfaces an

behavi our, for (anchl | ? ess f
pr %uctlon of il e fifacot e Batiierandre AR nrdfelabiy Garkied BULRS hetiat i g
si wcon surf acersergyd panticusariy perefgram?iﬁy fRradi&tion oduct i on of corrponents

I n high-performance el ectronics
In the process according to the invention, the etching medium is

15 applied to the surface to be etched by a screen, template, pad,
stamp, ink-jet or manual printing process or in a dispensing tech-
nique. After the exposure time and after etching, the etching
medium is rinsed off with water or another solvent or with a solvent
mixture.

20
The etching media according to the invention can be used in pro-
duction processes in photovoltaics, semiconductor technology,
high-performance electronics or display manufacture, in particular
for the production of photodiodes, circuits, electronic components or

25 for etching silicon surfaces and layers for opening the p-n junction
in solar cells. They can also be used for etching silicon surfaces
and layers for the production of a selective emitter for solar cells,
for etching silicon surfaces and layers of solar cells for improving
the antirefiection behaviour, for etching silicon surfaces and layers

30 in a process for the production of semiconductor components and
circuits thereof, or for etching silicon surfaces and layers in a
process for the production of components in high-performance
electronics.

35



WD 2008/ 052636 PCT/ EP2007/ 008662 -11- Object of the invention The object of
the invention is for sem conductor surfaces and |ayers, in particular

silicon surfaces and | ayers, to be etched or structured over the K %I re
area or sel ecY?IWBPSIP® ng etching pastes. A technique with %CWWOH%S? e of

aut omati on and hi gh throughput which is sdittable for transfer of the
etching paste to the area to be etched is printing and di spensing. 1In
particul ar, screen, tenplate, pad, stanp and ink-jet printing proces- ses

and the dispenging t]or ess are,.known to the person skilled in the 10 art.
Manual appl i ca@b&?—ﬁﬁmw-ggﬂy nmeans of a brush and/or appli- cation
roller, is |ikew se possible. C Depending on the screen, tenplate, klischee
or stanp deS| le to
appi y T pe. ot cri e Qbigstaf ISR eRioREscfar FeriSohiRRY iatds s BIRITIR over
the entire ar qzamculaflsthnon/euﬁacesmmbllayens:,dovbe etehed of strumyredrmrdhe mask
only to the ski r

st eps ari superﬁ?uous ?B%IB%E a%ﬁsﬁ%b ?ﬂng%éﬁ}ggp}g\s Mé lV&'s rgu@I uring
processes wi t legieg! @&autﬁnahgncand pight Haroeig hput which ||awtabﬂe diek transfen o be
significantly A t e 2 ses
whi ch are Suséghﬁlb?ﬁfﬂg?ﬁ%g&ﬁﬁ%&@@?ggﬁtpéﬁ?§t sugibﬁﬁhM g§ﬁ£eégﬁiln

be repl aced bylnppaﬁlqmﬂj,,weéﬁdt@nﬁﬂﬁtﬁmn’?@,t%@mﬂ @n@smkrjetammttngmm@%

et chi ng pfOCG%e§éﬂdbﬁ1eSd e?'r'%lr'ig iPreeesd are aings twithe p &%%Cékﬂlédtlhethe
consunption of et

since t e etchin e nl liled to
Che ar bat0 o BITcHERLEI ZRPlsalon: (P PHamnla PRIy DbR brnﬁb RAarapPln i n
t he producti orcaztfonsrdliarors likewise pddisle. t he fol | owi ng advant ages can be
acggeved through the use of 30 the etching pastes according to the
ntion: no need for expensive plasma-etching units reduction in the
hi gh cel | bredBependimgeont thee screen, templa’(esmlsmee)fortbl@nhmgjesl nsootar-

material - during aRCOAm G8lingidit Egntrg? it &Y BoS8btE 18 appty RS Btlkinghastes
15 described in accordance with the invention over the entire area or
selectively in accordance with the etching structure mask only to the
areas where etching is desired. All masking and lithography steps are

superfluous in this case.

20 It is thus possible for structuring processes with complex masking or
processes such as laser structuring to be significantly shortened and
carried out less expensively or for processes which are susceptible to
technological faults, such as plasma etching, to be replaced by printing
and dispensing techniques. In addition, the etching process can be sig-

25 nificantly reduced with respect to the consumption of etching chemicals
since the etching paste is only applied to the areas to be etched.

0

In particular during parting of the p-n junction in the production of silicon
solar cells, the following advantages can be achieved through the use of
30 the etching pastes according to the invention:

no need for expensive plasma-etching units

reduction in the high cell breakage rates that oceur

minimisation of the high loss of material during mechanical cutting
avoidance of surface defects

35



WD 2008/ 052636 PCT/ EP2007/ 008662 -12 In the production of the selective
emtter using etching pastes, it is |like- wi se possible to dispense with

oxi de maski n%YB?ﬂﬂgﬁféfﬁ%ﬁ-Si ve plasma etching. In addition, 5?&‘?/%%0%?/008662

application ching paste avoids wunderetching of the contact are
Si.nce masking is not required, even 5 by- -sl& een- printed netal contact Ilnes
etching damage to the contacts is excluded. It should also be noted that,
in contrast to the photolithographic, plasma-chem cal and | aser processes

uoed, hither L0, % BISHUSIAPA Hie Beickdackginy i 8Schind BRside t I lieeer=nt
sinpl er with twisespossibie dasdispensec withdoxigle: masiqngnamﬁtexpenswe: p/lasmas can
be uni formy “etcg\ﬂ{q*dlri)‘é‘%{dlthéﬁ‘eséiédtwé é&ﬁﬁ’catﬁﬂ? o’#rﬂ"@ g@dﬁgeﬁaé cts

are etched a doped rove |nt eir

antireflecti onund%ras@lnm elthe AOBtaﬁ*aarﬁﬁ? SHinge deeglgngtlépzotarﬁélw evaled.
The et ching OP@Y %bfééhJI%ﬂrﬁéﬁfrﬁél%%gnfé’étrllrféé %h%;t@amagel foPe @ém@&@gcﬁ/
n eat ra

for exanple i r] a lation (I y means of
hot pl at e. When exglude g is conplete, the etching pastes are rinsed off 20
the etched surface using a suitable solvent or solvent mxture. The etching

duration can b w second nd seve al ut e ndi ng.on the
appl i cati on, @s?ﬁgﬂfﬁ@ﬁ?n €4 opied ﬁ’@/?or'ne&BQ ra§ﬁatpprm§s pﬁpgcﬁﬁﬁogfac;ﬂn
str ucr:]t ures anpblabmabhbmgat iavﬁéa%mpm@sesaﬁs_é’mhlthectbl !ugemedalstlmmrajl ng
to the 1 nyenti Vv 6} . SIL1.0N, t .
corrponenié 30§)&§gﬂ\v/§né®ﬁtérhP@@Mé&%ﬁ)ﬁéﬁvrﬁi '& H&%ﬂqﬁéﬁﬂﬁﬂ’ﬁ’g‘é'ﬂ%@%ﬂﬁ C
powder s and opa:am)r’m&Imaﬁensigyniﬁodintlyd_shoﬁeora;ww|sm1pt&ndmth the edelsingepaste
& cont of“%@? G io I YEnid' The Weters Babhe dfformity r*d¥dped over
e entire area. The areas between the contacts are etched away by the
etching paste, thus n’-doped and improved in their antireflection
15 behaviour. A plurality of process steps are thus saved.

The etching operation is preferably carried out with the input of energy,

for example in the form of heat radiation (IR lamp) or by means of a

hotplate. When etching is complete, the etching pastes are rinsed off
20 the etched surface using a suitable solvent or solvent mixture.

The etching duration can be between a few seconds and several min-
utes depending on the application, desired etching depth and/or edge
sharpness of the etch structures and the etching temperature set.

25
The etching pastes according to the invention have the following com-
position:
¢ etching alkaline components
30 e solvents
¢ thickeners
®

finely divided, low-melting organic powders and optionally finely
divided inorganic powders

e if desired additives, such as, for example, antifoams, thixotropic
35 agents, flow-control agents, deaerators and adhesion promoters



WD 2008/ 052636 PCT/ EP2007/008662 -13 In order to etch sem conduct or

el ements frommin group 4 of the Peri- odic Table, such as silicon, strong
caustic /yes are used in accordance with the invention [7]. The etching
action of th¥Q088PRGpastes described in accordance w t h RAERAGLEI68N i s
t herefore based on the 5 use of alkalineq3silicon-etching solutions. The
al kal i ne etching conponents used in the etching pastes described in
accordance with the invention can be aqueous solutions of inorganic |yes,
such as sodi um hydr oxi de,, potassi ym hydr.oxi de, .ammoni a or 10 organi ¢c- based,
o kal fne ot chim@raes toreizh SompongUEtnISMats i o8/ ma Sbedb d-AbMe Pert

ﬁ] ha?ol am'Pne{ @@iiél Tame] fgucﬁ%tsrgiﬁbbu,l §ﬂ‘6ﬁtgi¢tméﬂcﬁly@si ?«e ugéddpréhncrmdan_oe of
e tWo. artl Gyl a rererence ven . CO Sl - S | conpr.l se
only sodi um h%lﬁbx{rﬁg @M@Pﬁ?"p&?ﬁsghsm%ﬁm?&m er ep\é\FrﬂFli%'&gl af?rg)s'teg
pr ef erence i s dgisceibedoirc acporddnce witthithd invention es lthesefbrenbased on deeas
et chi ng conponent J cul . e k: results are also obtained if
sodi um rﬁ/dr oxiu§% %fngﬁéhbgsélﬂé%@gﬁﬁ% %ﬂ@n'ﬂﬁﬁg enpl oyed together in a
suitable mxing ratio. This mxing ratio is advantageously approxi mately at
a KOH : NaOH maid 2 e b ' ' b | pwar d
or downwar d. élg{ él'%(lak:gglrno%pgtr‘{h'%img?n éﬁ%ﬁtﬁgug%%pqﬁﬁgﬁtgcgwpq gégﬁgg ?"ﬁﬁg‘?&‘
concent r at i on in @gegedance witlsthe yvertiafhcanhe aaugous SolutiaBs.afyinaEgaHe,
based on the |j¢dakughi 88! s6Hium Chilitiidy) BRSSP Hydrbkidle, PARIrRORRC I S
given to etch-"1ng nedia in I ch e. etching conponents are present in an
amount di0 25 LIganieshased walimine refching: mixtyres:i S¥she agr StRYIERPARMEW a in
which the et gyrocateefiBpnefidriolaminéRyaiic Farc%,_efétraélk?\lénaméimﬁmohya?bxidéO% by
wxfght, based on th .tqgt al wglﬁht of ﬁh& eﬁchl{ﬁr Fas e, since et chi na . rates
wh*th facili té&fec%ﬁﬂ? NS pEATRWS: RAIGHIAT PIETEreee 5 aveRdd CAMBRRE!f or
ﬁ-t cEi nﬁ rredihati@hst Which epenprise oaly sgdmmtlwdhrleb(mmsi/@apotﬁ:ssﬁﬂnt I;I]?dltc&d W th
g t rougnp t he sa tl . these etchlLn aste S | .
celectivity T obe: Verk BardalB hyfrebdEIE i i LokfibSions YMeH dinerise are
al ready 4&f f ectsodéumn hyldeoxitdehiasg gtelsings camponent. Particularly good etching
results are also obtained if sodium hydroxide and potassium hydroxide
are employed together in a suitable mixing ratio. This mixing ratio is
advantageously approximately at a KOH : NaOH ratio of 2 : 1. This ratio
may also be shifted somewhat upward or downward.
20
The proportion of etching components employed is in a concentration
range of 2 — 50% by weight, preferably 5 — 48% by weight, based on the
total weight of the etching paste. Particular preference is given to etch-
C ing media in which the etching components are present in an amount of
25 10 — 45% by weight. Particularly suitable are etching media in which the
etching component(s) is (are) present in an amount of 30 — 40% by
weight, based on the total weight of the etching paste, since etching
rates which facilitate complete opening of the p-n junction have been
found for etching media of this type and semiconductor elements can be
30 treated with high throughput. At the same time, these etching pastes
show high selectivity for the surface layers to be etched.

The etching components are already effective in the etching pastes at
70 - 150°C. However, experiments have shown that improved etching
35 results are achieved if the temperature is raised rapidly during the etch-
ing operation to just above the melting point of the polymer particles



70 - 150C. However, experinments have shown that inproved etching 35 results
are achi eved |f the tenperature is raised rapidly during the etch |ng
operation to st above the nelting point of the polyner particles WO

2008/ 052636 @WQ@@?@ 008662 -14- present, so that the et c‘?ﬁTﬁB"%"%W““““
preferably carried out at tenperatures aque 150C. The etching with the
etching nedia according to the invention is therefore preferably carried
out at tenperatures below 200C. 5 As already st at ed above, both inorganic
and organi c powders

pref- erably organic o r powgers, have, been
added to the mséﬁnhgsrpégaééhem@m dRdUE t;@reég p§a émpé@tures
palrtlful ate Wﬂwqorlrﬁen@tc}mhgnmﬁ ﬂﬂéeétbmghg‘ rrﬁ@leathcﬁbfde to the
pol ystyrene, acrylate, po pol yvi mi de nmet ha a
mel anmi ne  resiAY %’Ph’énéh?@gf"r% ;ﬁ'gﬁér n?qfieldeﬁ"ﬁ ggﬁéﬁb‘??@ %? &P%IOW
silicone C r@OO’fC fluorinated polynmers (PTFE, PVDF, inter alia), or polyole
fines, such as pol yet hyl ene or pol ypropyl ene, and m croni sed wax, which, in

the nol t&n state, are not miscible with the other conpo- 15 nents of the

et chi ng past eA$)|a1reat$y statefdbaboaet \bothhaseganit ennd agarzubl powdergapref-
powder additi ar r t rEsence
of strong basceé[s1r§ féébg WMdep éergcmn corrp ?h aggéd;ﬁteolb tﬁ?i ne
graphite or ce&tbbmg)lpasieﬁoﬁhm spcwdetsma@f beeeptremela{bflpebepawmu @ for
this purpose. t or
this use, in Fﬁg”?l t%f@g?ﬁ% W"Z’r??ggso )E;:-BYé‘(ﬁ‘ fﬁﬁhe{%b?gppeéb'%w&]é
copol ynet0 poMyachatem@olgfﬁm@@m palyimei pmvmﬂ agrﬂaﬁgetmlaﬁéne

powders nay Raspyli U?@ﬂrﬁﬁéﬂreém SbBHEB sanimelredif- PhetefSsian kifitefe2S
HDﬁE powders can bﬁléq o%e > %ﬁ;g né% ss%ntl%ll facortorls & this
coMmiection ar dC8HY MbQF HOPMIY'@ﬁ‘ £h Ey ndNiefe alidcton palygle
t wo- phase systfméé,osu@hfas)rpdmetmaehe eopRdgpitosylent, darbindichehiseth wax,
which, in the molten state, are not miscible with the other compo-
15 nents of the etching paste, but instead form a two-phase system.
Suitable inorganic powder additions are, in particular, those which
are inert in the presence of strong bases, which are employed as
etching components. Extremely fine graphite or carbon-black pow-
ders can therefore preferably be employed for this purpose.
20
Polyolefin powders have proven particularly suitable for this use, in
particular polyethylene, polypropylene or corresponding copolymer
powders. Various extremely finely particulate polyethylene powders
C may be suitable for this purpose. Both LD-PE powders and also
25 HD-PE powders can be employed in the pastes. The essential fac-
tors in this connection are the melting point of the polymers and the
fact that a two-phase system forms from the paste composition on
rapid melting.

30 In particular, polymer powders having a melting point below 150°C
give particularly good results on use in the pastes. For the prepara-
tion of the pastes, corresponding polymer powders can be added in
an amount, based on the total amount of the composition, of 1 to
50% by weight, preferably in an amount in the range from 10 to

35 50% by weight.



30 In particular, polynmer powders having a nelting point below 150C give
particularly good results on use in the pastes. For the prepara- tion of the
past es, corres ondi n ol yner powders can be added in an anount, based o

the total £00§(05 ?ﬁﬁg conposition, of 1 to 50% by wei ght "CHEBI0AFA45p62 | n
an anount |n the range from 10 to 35 50%1fy- wei ght. WD 2008/ 052636

PCT/ EP2007/ 008662 -15 Experinents have shown that both the printing-on of
the pastes in the formof very thin lines or extrenely fine structures is

ossible wt qod res It if the art of th ol yne owder,s used
Pove. 1ol at | vEERRSTNGASNaNe: Shawi e bolhdber PURTRE ot G tHe HARLERAP 5
ticularly goodhes fowrnngf Ive$yllth$n direot @xednsl Uﬁﬁeoétrnovuies3|§1 ossilvig

o in a soitanvthe s resyldr the PatiaBRo0te qo&ﬁﬁtﬁvr't RERETE afad BASEhe of
part IbC| es of rElativéomyrtiste gliameét@ssdnothe mangenfrosn t1|03|mmstoa30/rmnm Pahoul d
not be xcee S C S
and al savi norgtﬂ”??lgaﬁwg ééhgﬁg %%e@g%?eﬁ&?ﬁg gaﬁE lﬂ#ﬁrsdfnﬁélwa con ée\ﬁt of
fusible parti dngsrelladwledpaetldefdnametsnwoﬁngtot’r&mmoandnefatthemgcasttyeoft he
nel ting point fs bﬁgteg)?é mr 'm\élt“l c}@?a continuous 15 polynmer |ayer formns

on the printed-on paste on't sar hat termnates the paste to the
outside. In the nost favourabl e case, this is achieved if at |east 1% by

vei ght of or g3 fiag MFRIrBHE Inedd TouriATRs: o 1bBA SRTRIAN bF Padilés

ar e present in_the pas e nposi n dvant ﬁeous C ex| st i the
content t® or ga@Ycb YMthmn@ﬁsﬁﬂ'Qndh@sCQ@ﬂﬂsg en.apasvbpigcehodld Ret Bfor e

given to the usgceddedaint @oﬁ%ﬁ’é}ﬁbh'soﬁﬁ vWﬁcW“béth td}@afiﬁé'tmynﬁr PaIAbIes
polymer parti- _cles is.at |eas ér% %s bas d agn,the Co (%smlorl)]?ﬁsa
whdte, even i@ ﬁinatsg)adner%mq cBaé icles & @rsseg nAl fhe h%a’b"gsp mmepghene
fol l ow ng i norg@mientasf msﬁam pamd:l‘eenéﬁoumhb@hsafﬂtléﬁtlysrﬁ hltrhaQUbﬁ héatm or
asamxture .ar e Ul'taﬁbéI I’ J)F %tlonlof t h n% 8
according to tiR9 P Qé(ﬁt t|ng poin e polymer par i es, a conti nuous
15 polymer layer forms on the printed-on paste on the surface that
terminates the paste to the outside. In the most favourable case,
this is achieved if at least 1% by weight of organic polymer parti-
cles, based on the composition as a whole, are present in the paste
composition. Advantageous conditions exist if the content of organic
20 polymer particles is higher. Preference is therefore given to the use
of paste compositions in which the content of organic polymer parti-
cles is at least 2% by weight, based on the composition as a whole,
even if inorganic particles are also present in the paste.

e

25 The following inorganic or organic solvents, which can be used in pure
form or as a mixture, are suitable for the preparation of the etching
pastes according to the invention:

e water
30 e simple or polyhydric alcohols (for example isopropanol, diethylene
glycol, dipropylene glycol, polyethylene glycols, 1,2-propanediol, 1,4-
butanediol, 1,3-butanediol, glycerol, 1,5-pentanediol, 2-ethyl-1-hexa-
nol) or mixtures thereof
¢ ketones (for example acetophenone, methyl-2-hexanone, 2-octan-
35 one, 4-hydroxy-4-methyl-2-pentanone, 1-methyl-2-pyrrolidone)



water 30 sinple or polyhydric al cohols (for exanple isopropanol, diethylene
gl ycol, dipropyl ene glycol, polyethylene glycols, 1,2- propanedlol 1, 4-

butanedlol 1 butanedlol gl ycerol, 1,5-pentanediol, Eﬁ nol )
or mixtures Wﬁ’e’r" 52636ct ones (for exanpl e acet ophenone, ip Ep%mﬁ@%%
2-octan- 35 one, 4 hydr oxy- 4- net hyl - 2- penf@rone, 1-net hyl -2-pyrrolidone) VO

2008/ 052636 PCT/ EP2007/ 008662 -16- ethers (for exanple ethyl ene glycol
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area of Preference is given to the use of water and solvents from the group

consisting of the ethers and ketones.

15
Water has proven particularly suitable.

The proportion of the solvents in the composition as a whole can be in
the range from 10 — 90% by weight, preferably 15 — 85% by weight,

20 based on the total weight of the etching paste. Particularly suitable
compositions have proven to be those in which solvents are present in
an amount of 55 — 75% by weight, based on the total weight of the
etching paste.

«

25 The viscosity of the etching pastes described in accordance with the
invention is set by means of network-forming thickeners which swell in
the liquid phase and can be varied depending on the desired area of
application. Particularly good etching results are achieved if the viscos-
ity of the etching paste prepared is in a range from 20 to 40 Pas. Pref-

30 erence is given to the use of etching pastes which have a viscosity in
the range from 25 to 35 Pas.

The viscosity can be determined using a Brookfield rotational viscome-
ter. For this purpose, the viscosity curves are measured at room tem-
35 perature (25°C) using a spindle (No. 7) at 5 revolutions per minute and
the viscosity is measured under otherwise identical conditions at differ-



application. Particularly good etching results are achieved if the viscos-
ity of the etching paste prepared is in a range from20 to 40 Pas. Pref 30
erence is given to the use of etching pastes which have a visco 6
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rotational viscone- ter. For this purposel7the viscosity curves are rreasured
at roomtem 35 perature (25C) using a spindle (No. 7) at 5 revolutions per
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pl ate. A uni f &lectstwe&onparatioh.st ri but ion is formed in the neasurenent gap
t hrough t he choice of the cone angle. Control takes place via the nunber of
revol ut Pons (CSR) or the torque 10 (CSS). Correspondingly, the nunber of

revol utions oF o 4hg4ifea8BRSent | 1R ¥alrblER80Eskd 118 sHieaciapicthsen an be

derived via force trans- ducers on_t rive or on the un erslde of
the cone. In VBE flatsane apgdsa, caadahplalar Atpifosyssheansate distrbutign 3¢ 35
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zzﬁv'eﬁﬁ 3210, ChReliid tifas raidhPEARERY uSB s IS 2755 RloBHR. e e,
conponents  cone has a diameter of 35 mm and an angle of 2°. For the measure-
15 ment, a 2.5 g sample is employed in each case. The viscosity curve is
measured automatically under microprocessor control at a temperature
of 23°C with a shear rate in the range 10 — 75 s™'. The average meas-
urement value is obtained from 20 measurements. The standard value
determined is a value at a shear rate of 25 s™. Corresponding meas-
20 urement methods are described in greater detail in the standards DIN
53018 and ISO 3210.

If desired, the viscosity can be adjusted by addition of solvent, in the
C simplest case by addition of water, and/or other liquid components
25 and/or other viscosity assistants.

The pastes according to the invention should have a viscosity in a range
from 20 to 40 Pas in order, for example during screen printing, to
ensure a uniform flow through the screen during printing. Since the

30 pastes according to the invention have thixotropic properties, the
viscosity drops under the action of shear forces, meaning that the
viscosity varies in a certain range for a specific composition.

In particular, the addition of inorganic graphite or carbon-black powder
35 having relative particle diameters of less than 80 nm, in particular less
than 50 nm, preferably from 45 nm to 30 nm, and a specific BET sur-



25 and/or other viscosity assistants. The pastes according to the invention
shoul d have a viscosity in a range from20 to 40 Pas in order, for exanple

during screen pr|nt ensureaunlformflowthroughthes ring
printing. SiWO& 2(‘?8 pastes according to the invention hé’\%/FtPﬁ @@P?‘Sgg

properties, the VI scosity drops under t-he8acti on of shear forces, neaning
that the viscosity varies in a certain range for a specific conpositi on I n
particular, the addition of inorganic graphite or carbon-black powder

havi ng rel ati article dianeters of |es 80 cul ess
than 50 nm ¥%9£rad§ﬁy'ﬁ rg?n E?J‘Qﬁnfom368 fﬁ ﬁﬁﬁ g @p&r @%&frgur%
2008/ 052636 PZD/ P {/@QSﬁﬁi‘ové& rekalts, ¥erg partichiar prejerdnoprisi@iven 160

par U cul ar eL?B?%r%rﬁE ety ol Do SER TRAHER RN TS R oY A0 ng

particl e di amaneandod spswific BET sorface aregpef aboat BETm3lg. fldues, dheause ohbout

R Vi

results in coapdsa-specific BRVisurfaceaseadfeaboub fizent’sy rpsuitﬁarm |0@5np<as1re
precisely, i ttrB ] hé\ﬁﬁg |E?¢1‘B%Hhé‘ﬁvrr&‘?mte%£| {esaﬂrfjdrb
consi derably uced a pas avin b03|

réeparati on of @!ﬁl
| ess than 40 b@@ﬂ foundithathei mlapowdeutadgmrmwan be man yaedu@ ng to

the inventionfga @Er%ﬁr@bﬁ%ﬁé';ﬂ%té%‘ﬁﬁ é3\/§do§rtgvéf'lb§§'tﬁ Ar 4P Pdse iRr
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t he si zd0and 9afﬂ‘%l-d§|’ HBQU t 80as.s. 15 Mention may be nade here by way of
exanpl e of the comrercial prod- uct Super PTM (conductive carbon black from

TIMCAL G aphite & Car- bon, tzerland). The u of carban-hl ac articles
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The use of carbon-black particles also enables the service life of the

20 waste-water filters necessary for the removal of suspended particles
from the waste water to be considerably extended, more precisely for
the removal of the suspended particles from the waste water produced
in the rinsing operations for cleaning the etched surfaces.

25 Surprisingly, measurements have shown that the rinsed-off carbon-
black particles (active carbon) have an adsorptive action for the organic
thickener additives and organic solvent components of the paste. This
has the consequence that the BOD5 value (mg/l) in the rinse water can
be reduced by simple particle filtration. The BODS5 value is the biologi-

30 cal oxygen demand (mg/l) of waste water in 5 days, measured in accor-
dance with DIN 38409 H51.

The particle sizes, of both the inorganic and organic polymer particles,
can generally be determined using conventional methods. For example,
the particle size can be determined by means of particle correlation
spectroscopy (PCS), with the investigation being carried out using a

35



25 Surprisingly, neasurenments have shown that the rinsed-off carbon- black
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great er detai|This theerpisbased ori mOaaswmptlms FEinstlygrit iassumied thaddlei on
in 30 Mnutes’,, bhRd ¢5'BY measured are spherical, but this only really applies to
few particles. The measured laser diffraction is used to calculate the
volume of particles. Secondly, dilute particle suspensions are assumed.
The method usually used to determine particle sizes in the nano range
by dynamic light scattering is described in greater detail in the brochure
"Dynamic Light Scattering: An Introduction in 30 Minutes®, DLS techni-
cal note, MRK656-01 from Malvern Instruments Ltd.
The particle size in the nanoparticulate range can also be determined
C with the aid of scanning electron photomicrographs (SEM photo-
25 . : . .
graphs). To this end, particle-containing emulsions can be prepared
and applied to a suitable surface in an extremely thin layer in a spin-
coating process. After evaporation of the solvent, SEM photographs are
taken and the particle diameters recorded are measured. The relative
particle diameter of the measured sample is determined by statistical
evaluation. Standardised methods for determining particle sizes and
devices suitable for this purpose are described in ISO 13321, Methods
for Determination of Particle Size Distribution Part 8: Photon Correlation
Spectroscopy, International Organisation for Standardisation [(ISO)
1996 (First Edition 1996-07-01)], including methods for determining
sizes in the nm measurement range.

20
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35
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crosslidifed adRigIRWPRSEd honopol yrrers (Car borrers(r)) have proven very
particularly suitable for 10 this purpose. The proportion of thickening

agent s necess for the s Lfic.settin the viscosity r.ange ndfor
e or et on 1806 BranaraRnikeniag agsiis fecsssan FS e shetPamatiod of 2so
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Addi ti vgg haviweight, dpased e thie trjialamrgmvafnmaumm pastéePaeticulary suit-
able compositions have proven to be those in which thickeners are pre-
sent in an amount of 1.5 — 6% by weight.

Additives having properties which are advantageous for the desired
20 purpose are antifoams, for example TEGO® Foamex N (dimethylpoly-
siloxane), thixotropic agents, for example BYK® 410 (modified urea),
Borchigel® Thixo2, flow-control agents, for example TEGO® Glide ZG
400 (polyether-siloxane copolymer), deaerators, for example TEGO®
& Airex 986 (polymer with silicone tip), and adhesion promoters, for
' 25 example Bayowet® FT 929 (fluorosurfactant). These can positively
influence the printability and dispensability of the etching paste. The
proportion of the additives is in the range 0 — 2% by weight, based on

the total weight of the etching paste.

30 It has furthermore been found through experiments that both the choice
of the components employed for the preparation of the etching media
and the mixing ratio of the components to one another in the etching
media are of considerable importance. Depending on the manner in
which the etching media are applied to the area to be etched, the per-

35 centage ratio of the components to one another should be set differ-
ently, since, inter alia, the viscosity and flowability or the thixotropy
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- even be printed in fine line printing < 50 um. This is possible, for exam-

ple, through the use of a suitable screen.

20 Areas of application
The etching pastes according to the invention can be used in:

o « the solar-cell industry
25 « the semiconductor industry
« high-performance electronics

The etching pastes according to the invention can be employed in all
areas where full-area and/or structured etching of silicon surfaces or

30 layers is desired. Thus, individual structures can be etched over the
entire area or selectively to the depth desired in each case in a silicon
surface or layer.

Areas of application are, for example:
35
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As already mentioned above, it has surprisingly been found that the use

of the alkaline etching pastes according to the invention to which

15 extremely fine, low-melting organic powders are added makes it possi-

ble to obtain significantly more precise lines or structures with consid-

erably improved edge sharpness. At the same time, it has been found

that the use of NaOH and KOH in a mixture as etching components

makes it possible considerably to improve the average etching rates of

20 oxidic surfaces, enabling the through-etching of silicon compounds,

such as, for example, phosphosilicate glass, on an industrial scale. The

improved properties and higher etching rates mean that the etching

pastes according to the invention can now also be employed in the

industrial high-throughput semiconductor element manufacturing proc-
C 25 ess.

As already mentioned above, investigations of the etching pastes during
and after the etching process with exposure to heat have surprisingly
shown that the low-melting particulate additions present do not mix with
30 the other components of the etching paste compaosition on melting, but
instead form an organic phase which floats and settles on the surface of
the printed-on etching paste like a thin layer. The polymer layer or
polymer membrane formed in this way appears to have a considerable
influence on the behaviour of the etching paste and the etching rate,
35 since the compositions according to the invention are effective over a
longer time with a higher etching rate than comparable, already known
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5 turesI Tpe @@cltm\he cﬁmdowgn‘emrtgﬁ olymenbarmcles tbhialkaanblamhmgopaattt ng
extrerrey In ow- el [ rticl to 1 n n
Conper at ur es. PdBTARIALL e%ef’%&boers i e, w8l (B mitshadinsfeTadt, °
pol yrmer qgenbr mpolqmemmembrfemeeonftherwrtaomoéme)pnhtecbsndmest oustructyesof
the et chi ng Iy 0 e
et ng pact o e SHEha, HIEHGRL fnieh BréYans] Bty Prabotiof Bt solRR i o,
he now enthg@=ichingdpasienand ajastingress ef mmswresm Iﬂmsswaw the etchings now
becone possi bl | h ot he
"nventi on to or“%ﬁe?‘g&h‘.‘en@&&ﬁ i AR SRATERRIC 1S ftalbd S ot o
have a conpl eRash&eW Veegomee Possiblei using these efching| pasteeicomapesiions
15 according to the invention to form etching structures which are narrow
and deep, and also have a complex shape very precisely in surfaces of
solar-cell silicon.

Figure 7 shows a diagrammatic representation of the behaviour of the

20 low-melting polymer particles during heating and during the etching
process. While a polymer membrane has formed, the etching compo-
nent can become selectively active under the underlying surface.

¢ As has already been established above, heating of the wafer or semi-
25 conductor element printed with the etching pastes according to the
invention to temperatures above the melting point of the polymer parti-
cles present does not result in an impairment of the etching result, but
instead in a considerable improvement of the properties of the etched
structures.
30
In order to carry out the etching process, for example, a wafer printed
with etching paste is heated for 2 minutes on a hotplate at about 200°C.
This temperature is preferably selected if the etching pastes used com-
prise polymer particles having a melting point of about 150°C. The
35 heating to this temperature has, as already described above, the con-
sequence that the polymer particles melt and a second phase forms of



Figure 7 shows a diagrammatic representation of the behaviour of the 20
| ow-nel ting polynmer particles during heating and during the etching

process. Wil e | yoer menbrane has forned, the etching cg - an
Bopiisze s TR by

becone sel ecthQ 9 ve under the under | yi ng surface. been
est abl i shed above, heating of the wafer oR4sem - 25 conductor el enent
printed with the etching pastes according to the invention to tenperatures
above the nelting point of the polynmer parti- cles present does not result
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menbrane. Thi gy &P%g@@oﬂfﬁh@(‘ﬁn@ ﬁﬁ@rﬁﬁ o?qéﬁ@glﬁgé%or‘?ﬁs 'S ﬁfé‘éﬁrfﬁéﬁhds’fg the

etching process. ! of the etching onent present 1st
mai n- tained ftae atehigsrpasteaas adigkly Bsmassiiechi ng behavi our to be achi eved.
5 1n general, the tenperature to which heating is carried out during the

exposure tinme js thus set in such a way that the po r pasticles nelt in
o oxtr bl y - Afian e aEtiallshing slom.cthesglinad SHBSEHG e el MeHdOofo0ne

et chi ng past e tempérafirey with RRe spélymerlhethbrind lbh &sp Wil thet etthing Yate t he
et ghed substrab? i,S. returned to room, te eratPre . m{th thﬁ}gg{ ner _nenbr ane
on™op of the SAEHYING GRS preveniing cﬁt?%ﬂfﬁﬁoane PRRISHNE RY PRTORIF

moi sture by t ledchingr oommonentt dinenprinteghonestchifd easte nthed- alsoetething itpast e

thus al 0 1ot Iiind §7 1ok i’ A TafilaneprBd LAl Sitingig o5 1R0 LibRUAY 19

of the etched
15 structure do not take place.

Whereas the diffusion-in of atmospheric moisture on use of known alka-
line etching pastes can result in the etching medium migrating or run-
ning to the opposite side of the wafer in the case of structuring proc-

20 esses close to the edge, this effect can be completely suppressed on
use of the compositions according to the invention.

The specific composition of the etching pastes according to the inven-
C tion, which may comprise NaOH and/or KOH as etching components,
25 mean that it has become possible to employ them in structuring proc-
esses immediately before immersion into an HF bath, since these com-
positions etch Si layers as well as PSG (phosphosilicate glass from the
n-doping step). In this way, a washing step and a drying step can
advantageously be saved.
30
Since the use of the etching pastes according to the invention in the
solar cell manufacturing process enables improved etching profiles with
better flank steepness to be achieved, it has also become possible to
print and etch desired structures closer together. This means that space
35 is gained on the surface of the solar cells.



Whereas the diffusion-in of atnospheric noisture on use of known al ka- 1ine
etching pastes can result in the etching nediummagrating or run- ning to
the opposite side of the wafer in the case of structuring proc 20 5

close to the VAWM effect can be conpletely suppr essedP%T{EP{?Q-z 0%?62 he
canposi tions according to the invention. -B%- specific conposition of the

et ching pastes according to the inven- tion, which may conpri se NaCH and/ or
KCOH as etching conmponents, 25 nean that it has beconme possible to enpl oy
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gl ass from t henventiopi camptemensivelyt Hnstheaase iyn © tya itigesy
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i nproved et chiemppoyed.| Ascoidinglybdhese docurkesteaecegardedeasdqartwafdhei t
has aI305becoqﬁseﬁgﬁﬁ€quﬂ%@ggghggy%%gnghggc ﬁbﬁed structures cl oser

t oget herY Thi s™ neans a alneﬂson the surface of the solar
cell's. WO 2008/ 052636 PCT/ EP2007/008662 -25 The present description enables
the person Sk'ﬁéﬁBeLtBr Wﬁééfaﬁd?ngpéﬂd’ il fdet W%Mét%e%@’@@%&h@x‘ém-‘ n
the case of any lack of clarity, Tt goes., wthout saying that the cited

publ i cations RIESRIESVen;halpwt whichsawuwithie the seppef prateetian ahthe Piérese

docunments are g@agaRmtivh. PRiésOlexdmples Histtsepd roiﬂﬂl tl?gfset ?Jots%mﬁwa%ent

description. For, better understandi d i rder to | ate the

i nventi ot exaAAtSpl \ymﬁ)émegewagaaﬁﬂ‘tm?atﬂs ermmetnfmet@péewlbed,

protection of ﬁdwevele,-théeékamvésﬂéremotTM@@bléxmbaacmgsthé%bbpet@ft pro-
e

: In ?\E irxallteeprpioﬁgkﬁbg q\ﬁbérqlrgégm g1FiB‘Okfé\/I@'ttrlzl‘?qn Eé)”téeh%(gﬁ%ee{agl a\r/feII Ing“t t }s/uiOI able for
reduci ng the scope of pro- tection of the present application to these
0" L, Joe L U IERK QS erBaRh SO i HEURC B " "
com 15 examples given and also in the remainder of the description, the com-
ponent amounts present in the paste compositions always only add up
to 100% by weight, based on the composition as a whole, and cannot
go beyond this, even if higher values could arise from the percentage
ranges indicated.
20
The temperatures given in the examples and description and in the
claims are always quoted in °C.

25
Examples

Example 1

30 31 g of KOH
14 g of NaOH
60 g of water
5 g of ethylene glycol monobutyl ether
3.5 g of Carbomer (thickener)
35 3 g of LD-PE powder (d50: < 20 pm, melting point: 107°C)



ponent anounts present in the paste conpositions always only add up to 100%
by wei ght, based on the conposition as a whole, and cannot go beyond this,
even if higher values could arise fromthe percentage ranges indicated. 20
The t enper at WY i n t he exanpl es and description and RGT/EHFA07/Q0BOG? ns
are always quoted in C. 25 Exanples Exanpbe 1 30 31gofKOH 14 g of NaOH 60
g of water 5 g of ethylene glycol nonobutyl ether 3.5 g of Carboner
(thickener) 35 3 g of LD PE powder (d50: < 20 pm nelting point: 107C) WO
2008/ 052636 PCT/ E P2007/ 008662 -26- The chemi cals were weighed intodal beaker
and i xed usi dq\@acpaaicals were weighed inte @ bealer ang mixed)usingi @ paddle
homogeneous, Ritirier IBtiRiINMPERTRe Dag holips Bt d heniegeredss, prirranlepatkie has

transferred into a PE container. 5 The transfer Tnto,co iners.is carried
out af ter a sHOMES: ThaiRRste ssubSeauepty IEsTenRAIBIE AOHE GOMEINER of chi ng
paste with which, for exam ple, silicon surfaces and | ayers can be etched
specifically er.the.entjre rea of in.a structured nner. ,do to a
dosi red Hept h W4 fansfsnts Confiigrs clyRacaaat € o SEhgl Bt
tenperature higher than 107C, preferably a tenperature of about 115C, is
set. The etchi ' | ked t SLy k€ f e y
screen printi r;lg%og)?§%$r#gég | SSH;Q Qﬁléé]gp é&%@%&%%@‘ dY*ﬁﬁGt m#‘g"% 260
pm, and et ch¢deosilieconsuplates drud I8/ers mancke atclxbdd spetifieally @vepitbe erntiren of
etching struc SM ' | t
silicon waf erfa‘r'%ﬁeor‘é"!rj(i:% %tgrhﬁgg?w @ﬁhﬁrﬁ %H(t esgqgg%@%oeﬁpﬁgﬂgﬁp&#ﬁ% and
di spensitfy pacnesgyr By meansof engrgy mipaiteactemperature higher than 107°C,

C preferably a temperature of about 115°C, is set.

The etching paste is applied to the silicon surface, for example by
screen printing or using a dispenser (for example needle diameter of

15 260 ym), and etched on a hotplate for 3 minutes at about 115°C. On
production of etching structures with a line width of about 1 mm on an
n-doped (100) silicon wafer, the etching depth determined (depending
on the printing and dispensing parameters) is 0.3 — 1 ym. The etching
depth can be increased by increasing the KOH concentration and the

20 line width. For line widths of 4 mm and KOH concentrations of 20 — 50%
by weight, the etching depths are 2 — 3 ym.

The etching paste obtained is stable on storage, easy to handle and
printable. It can be removed from the printed surface or layer or from the

25 paste carrier (screen, doctor blade, template, stamp, klischee, cartridge,
etc.) using a solvent, for example using water.

«

Example 2

30 20g of KOH
62g ofwater
1.5 g of polyethylene glycol 200
3.5 g of Na salt of carboxymethylcellulose (Finnfix thickener)
3.0 g of HD-PE powder (d50: < 25 uym, melting point: 134°C)
35
The batch and processing are carried out as described in Example 1.



depth can be increased by increasing the KOH concentration and the 20 line
width. For line widths of 4 nmand KOH concentrations of 20 - 50% by

wei ght, the etching depths are 2 - 3 pm The etching paste ' '

stabl e on st%ﬂ’@?’gﬁﬁﬁg to handle and printable. It can be%en'%@@%()?"r%%mthe
printed surface or layer or fromthe 25 Béste carrier (screen, doctor

bl ade, tenplate, stanp, klischee, cartridge, <etc.) using a solvent, for
exanpl e using water. Exanple 2 30 20 g of KOH 62 g of water 1.5 g of

Pel Yot ! ene Shical iR dete, Bl 4381 il AT IE ldh el s,

The bat ch and diametes460 |angandretcheéddot 3aminddes rat@ndetohiriy demiperatureof

Si i con surf add oG gt aPHAIore £F eiPinG, StLBRuBSRgn 3 FREUIEh BF Jif

ninutes at an lemrhiony anemsopedi 0 silicasovafer, the @ichingndepthedetarmjned

structures w | ' ; T i L gikdcon
wefor, the ot SAeRSHER phihe grintRictah dssEheiqdaraniteRy i KoL Ty

di spensi ng paraneters) is 0.2 - 1 pm Exanple 3 45 g of KOH 10 60 g of
water 8 g of glycol 3.2 g of Carboner (thickener) 3.5 g of PP
powder (d50: Bl raf33me|ti ng point: 165C) 15 The etching paste is prepared
as described in Exanple 1. The etching paste is applied to the silicon
surface by SCI45g dI'KOH ng or using a dispenser (pin dianeter 450 pm and
etched for 3 myputes at an etching tenperature of 180C. The etching depth
det er i ridd onrag?gcgd"%t%tion of etching structures with aline wwdth of 1 mm

I's about 200 @y of ethylene glycol
C 3.2 g of Carbomer (thickener)
3.5 g of PP powder (d50: < 35 um, melting point: 165°C)

15 The etching paste is prepared as described in Example 1.

The etching paste is applied to the silicon surface by screen printing or
using a dispenser (pin diameter 450 pm) and etched for 3 minutes at an
etching temperature of 180°C. The etching depth determined on pro-

20 duction of etching structures with a line width of 1 mm is about 200 nm
on a silicon wafer.

Figures 1 and 2 show the comparison of the etch depths which can be
achieved under identical conditions in (100) silicon surface using the
& 25 etching pastes according to the invention and using previously known
etching pastes without addition of particles.

Example 4

30 Description of the behaviour of the etching paste according to the
invention

The pastes are applied to the silicon wafers as a frame (very close to
the edge) by means of a dispenser. Each of the two wafers is subse-

35 quently placed on a hotplate at 200°C for 2 min. during which the silicon
is etched for edge insulation (parting of the p-n junction).



on a silicon wafer. Figures 1 and 2 show the conparison of the etch depths
whi ch can be achieved under identical conditions in (100) silicon surface
using the 25 etching pastes according to the invention and usin PreV|oust
known et chi N §@§§yﬁnthout addi tion of particles. Exanpl® AE%@O /008662
Description of the behavi our of the etchi@8 paste according to the

invention The pastes are applied to the silicon wafers as a franme (very
close to the edge) by neans of a dispenser. Each of the two wafers is
subse- 35 que aced on a hotplate at 200C for .2 mn. during whi.ch the
ST ioon i et iBleNingsgaodasephs Shaw Bscon elihinadasta Withed: S50

2008/ 052636 P@f/;ﬁﬂ’?ﬁfé?/&ﬁﬁﬁéééd @ith dlgilidon bfohing dﬁ!ﬂé%thilahldltmwfa I@W-I con

t chi t hout dd t
paste ui {n addleles BedEecetias pdg! %m"?ﬁm ? ol P oeert 86eg T "La
clearly be sedhehpastd hwithouthadditiore ofi polgmieradaing itonaosignifioardty greatero a

urTace §1he ceent (i Sad it b fodlt %@Sé'gﬁﬁs%&i%@bﬁﬁ%%ﬁﬁﬁr ).

By contrast, tpretectsessheathhagainst yteosphepicrrmcistared). By sontrast, ghef pastet

surface spread,an r f hi ng
step on tﬁe ho| %QSIy{T;&XE:Hﬁﬁ'%&%é)t e%'&bgn%}aﬁﬁﬁﬁ 3‘23 s r%a%ﬁrlresatdquﬁ[]g@:ér ed
in the mass prteutwedmlmn walfer even|3) miriafterdhexetcbirg stemontherwipiate

I mproved beha\( cq (Lh*‘? etching pastes according to the invention with
respect to precise’e g com 15 pared with previously known etching pastes
wi t hout HMdition of particles. The figures shown bel ow show the foll ow ng:
Fig. | shows NHES r 1 20
pagte in (1003@(§'{1 ?gﬂ&%ﬁr‘g’g@i I'?’he et clﬁeidﬂlng1 g%s?]ed%%sﬁa ol Igp%ﬁ %Iéhlbagst"chi ng
paSte. At an etching duration of 2 mn at 200C, an etching depth of

approxi mat el y FigQre¥n3rtd 8ncrigfiyedhbw @hdi hproved behaviour of the etching
pastes according to the invention with respect to precise etching com-
15 pared with previously known etching pastes without addition of particles.

The figures shown below show the following:

Fig.1 shows an etching profile produced using a particle-free etching
20 paste in (100) silicon surface. The etching paste is a SolarEtch
Si etching paste. At an etching duration of 2 min at 200°C, an
etching depth of approximately 1.0 ym and an etched line width
of approximately 500 um are produced.

s

25 Fig. 2 shows an etching profile produced using an etching paste com-
prising low-melting polymer particles in (100) silicon surface.
The etching paste is an etching paste according to the inven-
tion comprising low-melting polymer particles. At an etching
duration of 2 min at 200°C, an etching depth of approximately
30 3.0 ym and an etched line width of 500 um are produced.

Fig. 3 shows an Si wafer immediately after application of an etching
paste without addition of polymer on etching on the hotplate at
200°C / 2 min. A uniform print picture can be seen.

35



of approximately 500 pm are produced. 25 Fig. 2 shows an etching profile
produced using an etching paste com prising |lownelting polynmer particles
in (100) sili e. The etching paste is an etching i ng
to the i nven-vs&?%'ﬁ%é%%ri sing lownelting polyner particl espé‘%ﬁ%{)ﬁ%g@é% ng
duration of 2 min at 200C, an etching deptd¥ of approximtely 30 3.0 pm and
an etched line width of 500 pmare produced. Fig. 3 shows an Si wafer
i medi ately after application of an etching paste wthout addition of
pol ymer on et chi o] t gl t. LD, i £ or i picture
can be seen. %]ild;\% 2&5@]‘@%%‘35@@@ ¢ yzaffet] {'6 dsph%\[}vsé}éw%gl
waf er i mredi at el y af tpastepgdmpaising lowv-raeltztg polymep particlesnpni atiching on
| ow- nel ti ng pol yner ty 0 %t(ﬁ;  t lm?ﬁcﬁ ; in. A
uni formprint pict urgﬂ%ahS{?(eféteségn. b;?gz.)ﬁ%m's%v\s t Jgﬁégirr}gtpélgt%\agféearr?g? in
Fig. 3 above 30 mn &€& etch- inn using an etching paste w thout polyner
on the hgtpl ate at 200C/ 2 mn. The etch edges are frayed. 10 Fig. 6 shows
the same”Si wafer as in Fi%. 4 above 30 mn after etch- ing usi n% an et ching
paste conpri sifig-1%owshaWs e sameeri wafer as 1 &dgod a@%ﬁpnm.&_&uﬂtam/ 2
mn. The etch edges gpg usiRg’&n BtchPAhaStd mﬂmtsfscsl?fr@?torﬁ itHg shotpldtat ai ned
at the edge. 15 Fig. i°29 a. di_ggr tic rea\p}resen%ﬁl on of the etching
process with an al keQ dﬁlmgﬂb%ﬁ edegrideHAY v nel ti ng pol yner
particles at 200C, with a cross-section of the etching paste on the silicon
i 0 2 2 - .
substrat 1e 0 bei nIgigsi r%Q\’mshoves the5 sa?r’r?e Sﬁvafer as in Fig. 4 above 30 min after etch-
ing using an etching paste comprising low-melting polymer par-
C ticles on the hotplate at 200°C / 2 min. The etch edges are

uniform, meaning that a straight ridge is retained at the edge.

15 Fig. 7 shows a diagrammatic representation of the etching process
with an alkaline etching paste comprising low-melting polymer
particles at 200°C, with a cross-section of the etching paste on
the silicon substrate being shown.

20

25

30

35



WD 2008/ 052636 PCT/ EP2007/ 008662 -30- PATENT CLAIMS 1. Printable,

di spensabl e, al kaline etching mediumfor etching sili- con surfaces and

| ayers in the formof an etching paste com 5 prising a) at |east one basi
et chi ng conp¥RSAB/0526¥at | east one sol vent, c) extrenely fPREEEFYAIPI662
particles having a |ow nelting point, ar@[)gpt lonally inorganic particles,
10 d) optionally thickening agents, and e)optionally additives, such as
antifoans, thixotropic agents, flowcontrol agents, deaerators, adhesion

pronmoters. 2. Etching nmedi um accord] i onprising extrenely fine
15 organic particles having a né?ﬁﬁg@&ﬁ-n%i&éwhéd < 200C. 3. Etching
medi um according to one or nore of Claims 1 - 2, characterised in that it
conprises, asfet Phimdb@”@@p@ﬁsamé atutéumcet@hm@(medmm forsetohing sili-

concentration of ref abI o.b based
on the total anBBHtSUa%CE[SCﬁPa %ﬁum f%noﬁtﬁﬁ né?gf%%%@al ms 1
- 3 whi %h i s ef pesinge at terrperatures h| gher than 70C, preferably at tem
25 perabPures abo g. 5. Etching nmedium
according to onegg?gfﬁﬂcset e@“ﬁ%%ﬁﬁ%[@cﬁ%@ﬁébp. sing at | east one etching
conponent sel ect bjiat temst: dre groduent,sodi um hydr oxi de, pot assi um hydr oxi de,

or one of tne nEketnE gy e RrGRRl RBrFIE Aald AR ERE pomey ¢ 0! e

am ne/gal lic acid.asd @honatjymatgamamﬂwlag to one or nore of Caims 1 to

5, com 35 prisi ent selected fromthe group
sodi um H@dr oxi deagoghgclr)]t%g S| uiél%‘%rﬁg;p gt B 008/ 052636 PCT/ EP2007/ 008662
e)optionally addltuves such as antifoams, thixotropic agents,

C flow-control agents, deaerators, adhesion promoters.

2. Etching medium according to Claim 1, comprising extremely fine

15 organic particles having a melting point > 80°C and < 200°C.

3. Etching medium according to one or more of Claims 1 - 2,
characterised in that it comprises, as etching component, an
organic or inorganic base in a concentration of 2 to 50% by
weight, preferably 5 to 48% by weight, based on the total
amount.

20

4. Etching medium according to one or more of Claims 1 - 3 which
is effective at temperatures higher than 70°C, preferably at tem-

C o5 peratures above 150°C, with the particles melting.

5. Etching medium according to one or more of Claims 1 to 4, com-
prising at least one etching component selected from the group
sodium hydroxide, potassium hydroxide, ammonia, ethanol-
amine, ethylenediamine and tetraalkylammonium hydroxide or
one of the mixtures ethylenediamine/pyrocatechol and ethanol-
amine/gallic acid.

30

6. Etching medium according to one or more of Claims 1 to 5, com-
prising at least one etching component selected from the group

35 . . .
sodium hydroxide and potassium hydroxide,



-31- 7. Etching nmedium according to one or nore of Clains 1 to 6, com
prising extrenely fine organic particles having a relative particle
diameter in the range from 10 nmto 30 pm preferably from 58
Et chi ng nmedi ¥R 2088 %ﬂﬁng to one or nore of Clainms 1 to 7, CP(]S}ﬁ/EPF}P&Z‘}Oﬁ%'Zat

| east one sol vent selected fromthe group3dater, iso- propanol , diethylene
gl ycol, dipropyl ene glycol, polyethylene glycols, 1,2-propanediol,

1, 4-butanediol, 1, 3-butanediol, glyc 10 erol, 1,5- pent anedi ol ,

2-ethyl -1- hex mi xt ures _there r sel ect

acet ophenone, Fﬁ?h ing Hé?(%'h’@h@ccofam i‘hcﬂﬂee o thfe ‘o Ehalifis 9188, com-

4- hydr oxy- 4- met hyrisi Hrgmtaemiﬂy finerergahi@ payticlesohaving a rlagivenpadicleol

nonobut yl et her, | col
nmononet hyl et her %&ﬁn%é%%ﬁﬂ%@ﬁt&ﬁ@%ﬁ&rﬁ lp?éﬁ%"]ﬁl?’@mﬁ{'ﬁ JPt?ycol
mononet hyl et her10 parboxylic acid esters, such as [2,2-butoxy(ethoxy)]ethyl
acet ate,_ propyl ene carbonate, as such or in a mxture in an anount of 10 to
90% by i ght, preferably in an amount of 15 to 85% by weight, based on the
total amount & tHtehirgiinediuwo accarding dg onelionmace of Claimsol dae/ o€OWor e of
Clains 1 to 8, o t f Oidfy-
ugm Hgnﬁt‘@aé’t bk §§|R‘z'err‘ﬂ @%B@&%&ﬁ ﬂfe g’rﬁﬂi‘gr %téf wb

hydr oxyal kyl - é(jum cell ul ose or et oxy yl - or
hydr oxyet hyl ceI | |repanclardieklyyiensy | @¥col @s@romden@mgiufsohs polye hy Ehe

oy Y SO eulsce 1 218 Pandelion o AR RaRe dioh 013 raneanst! 8lyc-
ot oo etk atanedidh |5y a-Gorinal mriras haieotooro. 5
to 25% by wei ght seheefer] aftoyn 1the® §pGupy awRitép henohesedn@th e heXiadloragTount

GG T o o comPORnaRRg 4aySHOREAcRIRIENS-prOiAT ﬁuraeihv(*?re 4

t hi xotropic rolidone, ethylene glycol monobutyl ether ethylene glycol
monomethyl ether, triethylene glycol monomethyl ether, diethyl-
15 ene glycol monobutyl ether, dipropylene glycol monomethyi

ether, carboxylic acid esters, such as [2,2-butoxy(ethoxy)]ethyl
acetate, propylene carbonate, as such or in a mixture in an
amount of 10 to 90% by weight, preferably in an amount of 15 to
85% by weight, based on the total amount of the medium.
20
9. Etching medium according to one or more of Claims 1 to 8, com-
prising a thickening agent selected from the group hydroxyalkyil-
guar, xanthan gum, cellulose and/or ethyl-, hydroxypropyl- or
hydroxyethylcellulose, carboxymethyicellulose, sodium car-
25 boxymethylhydroxyethylcellulose, homopolymers or copolymers
based on functionalised vinyl units of acrylic acid, acrylates and
alkyl methacrylates (C40-C3p), individually or in a mixture in an
amount of 0.5 to 25% by weight, preferably 1 to 10% by weight,
based on the total amount of the etching medium.
30
10. Etching medium according to one or more of Claims 1 to 9, com-
prising additives selected from the group antifoams, thixotropic
agents, flow-control agents, deaerators and adhesion promoters
in an amount of 0 to 2% by weight, based on the total amount of
35 the composition.



agents, flowcontrol agents, deaerators and adhesion pronoters in an anount
of 0 to 2% by weight, based on the total anmount of 35 the conposition. WO
2008/ 052636 PCT/ EP20071008662 -32- 11. Process for etching silicon surfaces
and | ayers oWOj08%e2p36ke sur- faces and |ayers consisting dCTERP7/08%0342
derivative, characterised in that an etcfpng nedi um according to one or
nore of Claine 1 to 10 is applied selectively to the surface and heated
during the 5 exposure tinme to a tenperature at which the pol ymer powders
present in the etching nediumnpelt _and forma thin pol ymer Iaye{. on the

et chi ng medi uthl. Processdes £igbing siliepn sudages and @ysraQlegiassdlike sHat 10

a)an etching nedfy@eaei] Myrst SoRSBtING BPEesiicod deffalived chHtatterigdd i ed
over the entire ar&& gr I n_accordance W th an e{ch structure ?@k. 1
specifical ly onl {0 tbakABgtaingHoedinm,agcarding i Ang; @himre of &daimsql in
the formof extreoellyid iappliddseleutively rtocthe earfate ahthieeatexhiduging them
acts on the surface durin&ﬂsﬂn eggsure ttime of ?ﬁ ﬁrﬁ'o 5mn at _a
tenperatﬁjre whi ¢ FXPOSYFe to FEREE Hﬁ?tq%& 15} eoPO!meﬁoWWQ?fS
parti Cljes presenpresehhdn thehetehimgsmediand megltt hadelfomgne H‘Eidi pnﬂ_lynaerf
renoved agai n us ve vent m xture or by the action o
heat when the et L%Oﬁghec%?égéﬁggﬁﬂbr ocess according to one or nore of
Clainms 10 to 12, character- ised in that the etching nediumis optionally

et ora bl'y I'oabOCR3s Stted BRrIsRAL 11 SehBratiBRal Wiinal 00 O o e
10 to 13Q char acegan etehingnmedium taccardingdoneaeuar insoee afvaiaimsyl to
exposure to heat 3¢ gé %dﬂf&ﬁ Q{vel“rofr% Hrftire AreaPbPIRSScAGFAAMBSWER 2RE O
T Of G 10 e Strictare mask specifically only t f the surface at
pecifically only to areas of the surface a
which etching is desired, in the form of extremely fine lines or
structures,

15 b)the etching medium acts on the surface during an exposure
time of 30 s to 5 min at a temperature which is somewhat
above the melting point of the polymer particles present in the
etching paste, and

c)the etching medium is removed again using a solvent or

20 solvent mixture or by the action of heat when the etching is

complete.

13. Process according to one or more of Claims 10 to 12, character-
C ised in that the etching medium is optionally activated by input
25 of energy and acts at a temperature higher than 80°C, prefera-

bly lower than 200°C.

14. Process according to one or more of Claims 10 to 13, character-
ised in that the etching medium is activated by exposure to heat
30 (IR lamp or hotplate).

15. Process according to one or more of Claims 10 to 14, character-
ised in that the etching medium is applied to the surface to be
etched by a screen, template, pad, stamp, ink-jet or manual

35 printing process or by a dispensing technique.



ised in that the etching nediumis applied to the surface to be etched by a
screen, tenplate, pad, stanp, ink-jet or manual 35 printing process or by a
di spensing t ' 2008/ 052636 PCT/ EP2007/ 008662 - 33-

et chi ng nedi ng"g@%&i’ g to one or nore of Clains 1 to 10 ]I)(Igl.ﬁE ovo%tzal Ccs,
senm conduct or technol ogy, high-perform ade el ectronics, di spl ay

manuf acture and for the production of photodiodes, circuits and electronic
conponents. 5 17. Use of an etching nedium according to one or nore of

Functon i sl Pk e Befiind fRRT G s0 W br BoreRAERANSS B0,
nore of Cl ainms 1totb0in photomadtdiey, semicondsictonteshrologyayhigh-performe
producti on of qﬁf‘dee%tlééfﬁoﬁmét(ﬁ%p&rﬁﬁhﬁfaq@l %33’1%9'%%% {]cﬁfbt%ﬁmfng

medi um accor di ng one or Ing silicon
surfaces and | aydhotediedesy ciceuits ang eleclsenia agmpanemts. r ef | ecti on
behavi oyg. 20. Use of an etching nmedium according to one or nore of Clains 1

to 10 for etchij nﬁg)swlcon surfaces and layers in a process for tél . 20
production of eHs®ian etchinigmefium adcardingte Pne erdppre of l?s!@soﬂ an

et ching medi um aggof @ifag ét@hmtj»‘ sfiicaP’seiriicdd anelayersForbp&ning e e

silicon surfaces .and,.layers in process for the production of conponents

in high- perfordeECBPEdFrw?E§e |§5 30 35

10 18. Use of an etching medium according to one or more of Claims 1
to 10 for etching silicon surfaces and layers for the production of
C a selective emitter for solar cells.

19. Use of an etching medium according to one or more of Claims 1
15 to 10 for etching silicon surfaces and layers of solar cells for
improving the antireflection behaviour.

20. Use of an etching medium according to one or more of Claims 1
to 10 for etching silicon surfaces and layers in a process for the
20 production of semiconductor components and circuits thereof.

21. Use of an etching medium according to one or more of Claims 1

to 10 for etching silicon surfaces and layers in a process for the
C production of components in high-performance electronics.

25

30

35





