Particle-containing etching pastes for silicon surfaces and | ayers
The present invention relates to particle-containing etching nedia in
the formof etching pastes which are suitable for full-area or
selective etch- 5 ing of extrenely fine lines or structures in
silicon surfwoeasardsd ayers and in glass-1ike surfaces fRIHERRIGHIOIRG2
suitabl e silicon conpounds. The present. {nvention also relates to the
use of the pastes according to the invention in processes for the
etching of such surfaces. 10Prior art In the photovoltaics,

el ectroni cs and sem conductor industries, silicon surfaces and | ayers
are often et ctEartiglefantaingaiching pastes forgsilicencsurfaces and layess ea
etching can be carried out either in an acidic 15 nedium (isotropic
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25phi ¢ maski ng process known to the person skilled in the art, were
necessaig befpﬁgrtapp actual etching step up until some tine ago.
In a maskin of this type, the starting material is usually a
| Jsk CON vvafer A dense oxi de layer is produced thereon by thernmal
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ing). In acidic etching, use is frequently made of mixtures of hydrofluoric
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.
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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
@ 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 @ 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



( strlpped ), for exanple using a solvent. The Si wafer thus provided
WD 2008/ 052636PCT/ EP2007/ 008662 - 2 - with an oxide mask can then be
et ched selectively at the points not covered by the oxide in a strong
base, such a&Meesze6anpl e, 30% KOH. The oxi de nmask i s rREFVEFREHT{008662
the base. After selective etching of the silicon, the oxide mask is
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the substrate thicknesses of 250-330 pm which are usual today.
2008/ 052636 PCThiERZENNG Airb Be- catried 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
technologica! 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



Onng to the requisite linear (XY) novenent of the punctiformlaser
source, parting of the p-n junction by laser is a tinme-consun ng,
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cormponents.  chemical and plasma-chemical etching are described in the literature.
Disadvaniages 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 aftack 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 efching (reactive ion etching, RIE) is carried out using

30 gases, such as, for example, SFs or SFs/0,, 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.
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A di sadvant age of these etching pastes conprising potassium hydrox-

I de or sodium hydroxide is the strong hygroscopicity. This causes the
paste to becone nore or less diluted by uptake of noisture fromthe
10 ambi ent AYQ 20080263 ti me between its application and iRGI/HFRPHFHEI66%
fromthe surface to be etched. The etchigng power of the paste is
constantly weakened with increasing etching duration. At the sane
time, the viscosity of the paste decreases due to the liquid taken
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conpri sing potassi um hydroxide. By contrast, it has hitherto been
necessary f orAndigadvemyage of {hste miching Pt gonfprizing potdssium hydrexs
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W K. Schuber tRrirgegiioncpastes, in threifarm. of lines or structurés deliquesce.” With
15 increasing exposure time, printed-on lines broaden due to this effect.
The liquefying and deliquescing pastes round the sides of the efched
trenches and start to eich 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 mulfilayered 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
@ 25 steps.
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medi um for etching silicon surfaces and |ayers in the formof a

t hi ck- ened, paste-form al kaline conposition which, besdies suitable
t hi cken- 15ers, conprises extrenely fine, lownelting pol yner
particles. Particle-containing, alkaline conpositions of this type
can be prepavethosnesipensi vely. They can be applied rapi dbor/emoh7/008662
sel ectively to the areas to be etched, fgor exanple using a screen
pfinter or a dispenser. The 20 desired etching process is carried
out, preferably at el evated tenperatures, after the paste has been
printed on in the formof extrenely fine lines and structures.

Sur pri singl y,Oblest particles present have a stabilising action here on
the shapes of the printed-on |ines and structures of the etching
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prevent ed. The .present “invention thus relates to a printable and
di spensabl e éﬁﬁl%ﬁ?ﬁ%ﬁ PR IOWei umin the formof a

particl e-containing etching paste which conprises WD

2008/ 052636P 3 sil a. at | east one solvent, b.
opt i onaI%ﬁ?y tcﬂ_é 'ﬁg%{(g :%Sé\,’erg!onext remely fine organic particles

having a low nelting point and optionally extremely fine inorganic
Lhicles, SArh@ribjesald wehrdet ‘{ﬁsparﬁéﬁl?ar,aﬁyaﬂ‘fe' bﬂ:’?\}"@ont@ﬂ %At ERIPirty
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medium for etching 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 pariicles.

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.

¢ 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



e , R OOV U—
control agents, deaerators, adhesion pronoters. This etching nmedi um
Is effective in the process according to the invention at
t-enperatures higher than 70C, it can preferably be 10enpl oyed at

t enper at ur esvaedoog/@2d860C, but | ower than 200C, with | ow WENEPHIG7/008662
particles present nelting. Etching nediea _according to the invention
conprise, as etching conponent, an organic or inorganic base,
preferably at |east one 15 conponent selected fromthe group sodi um
hydr oxi de, potassi um hydroxi de, anmoni a, ethanol am ne,

et hyl enedi amienat leastreig Ro[V@ftoni um hydroxi de or a mixture of these

bases. It ispa qoﬁgﬁwthkﬁelhmgst kY, M xt u/r esl, I such az, for exanpl e,
t hyl d at echo et hanol.am n allic,acid. Ve
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conpositions. cor g accordin nvehtion
pref erably congfné@! RgSAtandeaeraters, adhasian myo Bhent in a
concentration of 2 to 50% 25by wei ght, preferably 5 to 48% by wei ght,

based on the.otal, anpunt. ,An essepntial constituent of the.,paste
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et chi ng resulinvemiton i atetgmparatud@s higher dhanp@@6; dt came pectesgblye be

pol yrer [bond LA Ry e P fipBraReS apbUEH 0T 0bGt YA thel 200°C, with
proven parti ¢cowanelting paglitles prepedl mellingol yet hyl ene, pol ypropyl ene
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pol ynmer powdeocsnpaneni\Gar2aNgaoie e36RCTYaM20DAS00Pe6iErably 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 preferentiaily 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

@ 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
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fthoness s, %ﬁétﬁyilﬂ_‘iéeﬁﬁérﬂfﬁ@d’lfrh@fﬁﬂ@ﬁfr%ﬂ@oﬁ@”%‘tﬁ&lbﬂ@ col mono-
antlfoams m ?ﬁﬁ low— con ﬁgf& ﬁ aer ors&
adhesi on pro g & gﬁﬁgeﬂ yCoh @H“Qﬂ?ﬁf £F.oMithylens, gycol
wei ght , basednonotr‘méhybeaheramhemylemé 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.
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Addi ti ves having advant ageous properties for the desired purpose are,
for exanple, comrercially avail able antifoans, such as, for exanple,
TEGD3 Foanmex N, thixotropic agents, such as BYKO 410, Borchigel (r)
Thi x02, 20fwowemsosiael agents, such as TECO(r) dide ZGPaDEBP2007/008662
deaerators, such as TEGXr) Airex 985 og_.adhesion pronoters, such as
Bayowet(r) FT 929. Further additives are nmentioned in the foI | owi ng
detail ed description of the invention. It goes w thout saying to the
person skilled in the art that 25these additives nmay al so be repl.aced
by ot her comkBeceighing Mediradceorsing detbevnvantiaa fgaﬁh@rme&f)mwée

essential fagtipickehdrhésleefd &&irh Ahel oupaaéometmgobﬁhm uar

ol oyed i n SaptEG. CHlcsd GHRF Sk TAPEBEPY fhﬁ%%xv-
exanpl es gi vethybeéldmoséhesmrbayyhmibyla:eﬁumsta v esadiiumnd | mnb@xgm&thyl—

T e N A

t he present ven rocess sel ?WLI ve
etching of s '-Im%tlﬂﬂ [FechyBy| 4ty Qf/é’-l{gyh% aﬁrﬁ‘iicﬁcfﬂéteést ardnglkye dneth-i s
applied over gchflafsy [C5-8582 idivithehest (v al midtore e aht@ameentiof iram

at “whi h et Eﬁt# S 2Vt WEI . Petetal Koo s Bess viliobb i 85°
10 - the total amount of the etching medium.
10

Besides these components, additives selected from the group con-
< sisting of antifoams, thixotropic agents, flow-control agents,

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 properiies 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 eiching 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
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the sel ected exposure time of 30 s to 5 nin at a tenperature above
the nmelting point of the powder particles present in the etching
paste, the etching nediumis renoved again. 5ln accordance with the

i avention, the etching nmediumacts at a tenperature in the range from
hi gher than wo@osos2atsout 150C, preferably higher, but atPdRENReITADIEES
| ower than 200C. The action tenperaturgqfs preferably set to a

t énperature higher than the nelting poi nt of the polymer particles
added, preferably higher than 10 150C, but as far as possible not

hi gher than 200C. The activation and setting of the tenperature are
preferably cdheieiestad yppapa tivte ehelyy toghmmcan@ﬁwp@r@weaahw%y
IR radiation.then nﬁélﬁngrgéﬁﬁ%ﬁcmerabmietro éh%lé@ﬁﬂ‘@%’eﬂ@ ,int fige edtehirtp
mediumi s 15 a &%ﬂ(‘t esgrfaceto becﬁtce by a screen,

tenpl ate, pad hibe DEPEGIN R RSN PYETRIAY - process or in a

di spensi ng technl que. After the exposure time and after etching, the

etchi nggmedi yp 'a%géfdﬁf?é’e c{;{nfth "‘l’hteh nﬁ{\?érﬂ orPrtrgé‘c&tEﬁr'ngf?ﬁéfﬁ"ﬂﬁn O:i'ict‘é‘ L Ky

sol vent m xture

be used in prf@mmraéwqaﬂ@dbgswgen fmmt bigherathen 7986 torahritod 50°C.
technol ogy, hbralfersly Mgner bl Aoehamirenuss Wmﬁm@nf@cvhé&actm

i cul f h d
Conponents oreBPSRIE 1SnPreLab o Srt S Fadeaeratirk, BidheiothdBefisq
the p-n j unctmeﬁlngl peuifaof thel pslyriéepacticiealaxitidet preéerahiy heglodi thwan
s L con, gur f agss-@ngul gg%ﬁg?fs%?égsae%eﬁpgtnmh%fn 206 2TV Sefid P!

for sol
cells for i np?'@ﬂ'lsﬁémﬂgl@féh@l patRasaturenas pEsficsably (f'aﬁ”eéit eut hy iapvi ebn
L@aces and émyfys pAtichiarly prepeeity b IR RedifigAuct i on of

sem conductor conponents and circui ts thereof, or for etching silicon
surfaces and layers in a process for the productlon of conponents in
hi gh- per f or nelinctheelpFocessi ascording 2008E0 FREIAROT/ fF22 @dGting8seliunt Is -
Obi ect th tth Ofhal n i f

. % Sap PVl tbOthe %‘?Jlrfét&ee% 04 ét@ﬁeh B?”é skte kR 18 plate, pad,

seni condtict or surfaces_ an , 1.n particufar 'si Freon s
| ayers, to besStafithethkaiet @iy mﬂnuaédommg tfecese M e aadispensing tech-

T
o e S S BB, el "o b o Pl MRl RS gBT

particul ar, swidere. tenplate, pad, stanp and ink-jet printing
process?é and t he di spensi ng process are known to the person skilled
ar

in the Manual . application, for ex | e by means of a brush
and/ or appl , _The etchmgpl?ne ia according to t rt;psnven jon 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 antireflection 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.
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cation roller, is Tikew se pOSSiBTéIJV péh I ng on the screen,
tenpl ate, klischee or stanp design or car- tridge or netering unit
control, it is possible to apply the etching pastes 15 described in

accor dance w@ﬂoegﬂﬁdﬁnventlon over the entire area or Seﬂ&%ﬂzmobf%kf

accordance e etching structure mask only to the area

etching is desired. Al masking and Iltﬁbgraphy steps are superfluous
in this case. 20lIt is thus possible for structuring processes with
conpl ex maski ng or processes such as laser structuring to be

si gni fi cant| yobjt@tigFthe inventanr i ed out |ess expensively or for
processes which are susceptrble to technol ogical faults, such as

pl asma etching, to be replaced by printing and di spensing techni ques.
| n addi ti on, The objedhiofdheimeediendarfobeeriigpndifnorf surfmtdsyand dayard, in

with respect edé}ﬁ&{ﬂsr ngiBaH %P;H‘g@?s %{nlq%gé‘fs”% pgeégbﬁ@# Br]%{r[]&ﬁlré{i‘ Bver the

et chi ng past
particubar duntig qsaatqrrfgelgq:tme&aé uging eleRing pastes. I%@be‘tﬂﬂﬁ:mtﬁrﬁ Bigh

) o ol ampeier otk itonan e agbbives v
us i i on.:
for oxpensi v e SENBAdRANE 16 té &reh & DR $tened s pREGRS gRYsPendIRg”
br eakagfa (r]I at de parditulaccscreen, tempfatej padastamp aind h’é( -jet ghintingsprotes-

t uri i o at 1
U0 50081 0506 B EAREITEHS PRoeRs BMOIHRRA RO SRR the
sel ecti V@ enidt-drlanyahgprpicationg fpraexampla bylmean%@ﬂ\ﬁs@'%fis@?dipé apgli-

d| spense W t leaiondellgrdklikewieepsisigsi ve pl asma etching. In
tion, selective application of the etching paste avoids

un eretchl ng of the contact areas. Since masking is not required,
even 5by scr deepemdingeah riee dcreamt teenplate)ddischee mgtadapraigsigro or hoar-

contacts Is exahdd%9dnetering unit control, it is possible to apply the etching pastes
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 efching paste is only applied to the areas to be etched.

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 occur

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

35



It should al so be noted that, nocontrast to the photol it ﬁogr aphi c,
pl asma- chem cal and | aser processes used hitherto, the production of
a.10 selective emtter and the inprovenent in the antireflection

behavi our cagobgsigsds si gnificantly shorter and sinpler ptte2bd¥®osss2
etching paste according to the inventioig The wafers can be uniformy

n++- doped over the entire area. The area$ "between the contacts are
etched away by the etching paste, thus n+-doped and inproved in their
antireflection isbehaviour. A plurality of process steps are thus
saved. The etlohthegropeactidn of the spleetiee @vhijter asinigediching pastest ites ihhput

of _eneray 1 qixganle b WidREmith d6ab radkith &y G arm)

means of a hot I'ng pasPes are
rinsed off 20% ﬁB'ﬂQt dﬁe@d@ﬂﬁlﬂaé@leﬁﬂ}’@igﬂ&?@atf@&wfeﬂ'@oB@Wﬂg drasie | ausids

?exte ;J;le ngﬁtugisd%rgnm b@‘th@@oﬁmt%@%@%;?ﬁgg rﬁggﬁ WoS€ N YEqBIREd even
Vv
ol o Bge. ShbsfRRTOSdEetal SRR qtJE?aT%@hm@@megsﬁeﬁaﬁggn%&s s

t enperature s@tcluﬁd The etching pastes according to the invention

have the foll owing conposition: etching alkaline conponents 30

solvents thickeners finely divided, |ow nelti ntg or gani ctoizomders and
optional l'y fi'he$Roudyalsed benaotrthithaboitigantrast fo the gleetolithegraphic,

addi ti ves, Sbmhsmrcl’ﬁémlcﬁxéﬁﬁﬂﬁsem%@@@ uséblwﬁﬁbﬂ@ptrﬁe RRfARAbA of a

f1 ow cont r ol er at ﬁ1 adhes Qt rH cta
2008/ 05@@36%%?%&5@0?[\@%%@@ e lmprovemen i the anti reflection behaviour
can be made significantly shorter and simpler with the eiching paste
& according to the invention. The wafers can be uniformly n**-doped aver
the 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 etfching 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 efching depth and/or edge
sharpness of the efch structures and the etching temperature set.

25
The etching pastes according to the invention have the following com-
position;

» efching alkaline components
30 e solvents
e thickeners
* finely divided, low-melting organic powders and optionally finely
divided inorganic powders
o if desired additives, such as, for example, antifoams, thixotropic
35 agents, flow-control agents, deaerators and adhesion promoters



- 13 - In order to etch sem conductor elenments frommain group 4 of

the Periodic Table, such as silicon, strong caustic |yes are used in
accordance with the invention [7]. The etching action of the etching
pastes described in accordance with the invention is therefore based

on the 5Susewal@blidkigne, silicon-etching solutions. The wit@hiciBosesz
et chi ng conponents used in the etching f stes described in accordance

with the invention can be aqueous sol utidns of inorganic |yes, such
as sodi um hydr oxi de, potassi um hydroxi de, amonia or 10

or gani c- based, al kaline etching m xtures, such as ethyl enedi am ne/
pyrocat echol ,Inejrdentd atumsérgaddnldctcm?lederﬁems frohk aimgoodpis biyiieoRede

mbi nat
o oot 3t e Stk g BAIE UPho RS RRE ALl RN dBoraance
hydr oxi de. Ve¥i§h pthet .:amrastrorpr[é‘i erTéwc@tclsmg. \a@honooéoih@oﬁt@hlags PEBie;
ot Chi n. resul e e o e Ao pat by o
hydr oxi de ar @5&5{%55@7? ﬁ tCHWQaS@UF‘P%%I e mxing ratio. This
m xing ratio is advantageously approximtely at a KOH : NaCH rati o of
'2|'héa érogglrts i Oﬂ’i%%l@}ﬁﬁaétﬁﬂmgnponEB{;SHtssﬁ’#@"ﬂﬁﬂlzé;Bﬁﬁrgg@ ?:’%r,]\@é@t%l on O
range of 2 - tamydamegmth tbaenv;ermrycanbme%mus/@o@mﬂnsmés@@rg@mc
the total weijghd gfichhgs eécﬁzl"'urﬂghyéﬁfx%e P bfds%&ﬂrﬁrhf’dr%&ﬁfeenémm&ng'dﬁ“
to etching nmedia i n_whi etc onents r .h_an
brount 8825 Jfganiadtes, ARG SR DML scHah s SingenetRrge
rr?dl a in whi q:tyrobateehohletganotamnergeﬂia) alca:i (MIa)allwtmmﬂmmm hpdraxidient
of 30 - 40% hy n :
paste, since et ﬁg‘t"‘r"& gs%% H&é]g'(::é'ﬁfcp |a[r‘éﬁ"e9éllep8{a 'gg‘éﬁ ol &’9“%%5‘
p-n junction E%flﬁe WHEEh CoppRgef oy goghim mﬁxldeoﬂl“d/ﬁl’ @OIE}E}:%'-”HH&WVOX“

sem conduct 0rld§| Eértfb@]‘a e?é}*eh@ét@@l\r@rﬂb %Mbo&ﬁbﬁﬁ%ﬂ@h coﬁﬁ fidee
same tine, the(ﬁ astessowhl

r face
layors 15 be SAHHdNYHFEISE (% refCABWh Ratickiany copd, Slrbift
t he et ching pesuis aae al@o obtained zl—kw&um hyevqxede erdtothasians hparoxidet

apt dl y dur i eoRaPER tdodher B SUfSHIE' mhitfol 2HD Wé”“fﬁxm [
poi nt of the Fbiapiagequsl ya@pé@lmately ata KOJH NaOH ratao of 2: 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 efching paste. Particular preference is given to elch-
@ 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 resuits are achieved if the temperature is raised rapidly during the etch-
ing operation to just above the melting point of the polymer particles
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WO 2008/ 052636PCT/ EP20071008662 - 14 - present, so that the etching
Is preferably carried out at tenperatures above 150C. The etching
wth the etching nedia according to the invention is therefore

preferably ¢asfjopeha6dt at tenperatures bel ow 200C. 5 As pirfepadéhyinoses:
stated above, both inorganic and or ganl,&% powders, preferably organic

pol ymer powders, nmay have been added to*the etching pastes. These
powders can be extrenely finely particul ate powders conprising

pol ymers sel ected fromthe group pol ystyrene, 10 Polyacryl ate,

pol yam de, pqrgsentiao fiultythet iebing & ereferdbiyi cwried sout, auitehparsures

resin, benzo

fuori nated i ger S0 CPrAES BOLIY WG ¢ H@ﬁ‘?ﬂgd'%yéke?fd%% to the,
as pol yet hyl éih‘ée'ﬁwfb(ﬁ vibeepore neefeialynicert ﬂemnﬂraw res nbelpw
nol ten state2p@ee not miscible wth the ot her conpo- 15 nents of the
etching paste, but instead forma two-phase system Suitable
|norgan5c powder additions are, in particular, those which are inert

in the preserfiealrbaslyrsiatedabeve, biotls inargardorngy eryasicgohdes, pref-

Cherefore pré ébﬁ’“’drée“d‘%fkﬁ%ﬁ b@»%’eﬁgarﬁ%? Fafe bBOUGRHZREr Ty, the
powder s have q@cbmnpga’t&s 28¢ yowdershcan thg emtresn@iyeﬂnelu mrm

pol yet hyl ene,p d@@dy@r@@mlpmﬂwg Yqhé%@@r@&t@a ﬁ@ﬁP{HéTBFo rene,
Vari ous extrerﬁ @é

sui tabl €0for R Y%Cﬁy eggggﬁ@&lﬁqupbp &gérgolene BPQEﬁQ% Hlfﬁ mine

powders can hresmmhmmdnerrasim baazeguaﬁimel essian rwnoﬂnectefpn siliciolmies
ghhecti on ar. e @J\ﬁ; o] S t

t wo- phase sysggﬁf%ggrréh From gﬁ.'ggést 2 %FOHEQ& %@S 3 P{JR@G
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e L g e e N

50% by wei ghtSu1tabiée[nabganncnpawdemdmtmnstéme riangeticutan, those \BhsH%

Shown thai bOTR L A7 AHE MleosHos,of RAChacPager whicH RiP, FHPIGH 48
thin lines oreteRingefpmpanaidssbxtinuelysting graphitel er warior-biack pOW-

result if thejdiarddrimsefire pREADITYe BAWISYS] foethi pégéatlve
particle dianmeters in the range from 10 nmto 30 pm Par-

ticul ar2@1 good printing results are achieved on use of powders havi ng
rel ative partRaieledinpeweiess dfave provin particularliy suitable Sopshisyusd, inhe

paste is in sHcLER SollR¥Aene, polypropylene or corresponding copolymer
powders. Various extremely finely particulate polyethylene powders
@ 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 beiow 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

20% by weight, preferably in an amount in the range from 10 to
35 50% by weight.
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It has furthernore been found that a total anopunt of particles of 10
50% by wei ght, based on the conposition as a whole, should not be
exceeded in conpositions in which both organic polyner particles and

al so i nor gary&pdhdtsl €s are present. At the sane tine, BaPhRt:
of fusible particles should be suff|C|e£ |y high that, on heating

above the nelting point of the polyner pafticles, a continuous 15
pol ynmer |ayer fornms on the printed-on paste on the surface that
term nates the paste to the outside. In the nost favourabl e case,

t hi f I is achi GEAq:ﬁbriments hewet sHwhythatitgith thie pr|gﬁﬁgCorinfymer pastes in
arti cl es, n |

oSt e conpos E 0P ng? %rﬁ?igﬁﬁﬁg%@%naﬁ@@?@é& tip8]SrfiERES s aihdfle

organic 20 wm@egopdrresul dbthes partities of phefimlpmes pawders used diave

given to the jdpgief Eﬁ%ls cﬁ@ﬁ’ﬂ)é’c% él'mﬁ%yﬁgy Fr'Bn’i "1‘0 Eﬁi“t@rﬁo ihfm Par-

ani ¢ pol r
co?rpos.sf)onyg'iﬁﬁgﬁx o Buglingi resubecag ac %ﬁ”ﬁdc%él%{?ré PoverboaaYy
in the paste. m@&“éﬁﬁnie)lda@m:legdiam‘mmaf prioot@am arsdlifviig visodsityhof

can be used i ture, are swtable for the
preparation 3Be%§8t’§ﬁﬁnﬁgéwi§w§s ording to the invention: water
30 sinple or polyhydric al cohols (for exanple isopropanol, diethylene

glycol, di pVQPHa%“ﬁéﬂ%éﬁﬁbre Iﬁbqléhetf{suhanﬁagle{qg{aﬁ aﬂm%ngr&ﬁoaaﬁ%aek , of

t aned

1, 4- but aned
2. et hy 110 hesaishiBY Weighibaced ondngomposition 4eBoNasle RbousaRbe
acet ophenone exvelichied i kexapssidong-inciaicib both or anic polymer particles

2305 08sbaereh et A ERaAAS" PascE! Ei’%e‘ﬁs@%ﬁéo Allsanit fms, e
gl ycol nonobwofitenat ﬂéfUSIb{mpﬂmﬁeglmld e sufficignthetiigh that,i @ hgbéne
gl ycol rmnom;l yébcﬁ]ié‘%e rﬁbﬁfrﬁ;\’ 8f Y&elp i b:j:SEYHtlc?ééqeé continuous

di propyl ene none xylic aci ters

(for exHple y@%ukam(f@f%@w] i Wrindedron dYasieeahethe sr -

ale dh(}‘or exaephmaileepbj’deepastmrtboﬂw eutsites In wakemott davbarsidiedcase,

al conols can

et ones. et ndfe R BRI I BEICae i By ARt Yenic YRR party

in pure for maesaBasedion theec:@moalw s amiialgcdrenprasent 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 aiso present in the paste.

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

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



10vent solvent. Under certain conditions, it may al so be appropriate
t 6 enpl oy other mi xtures of solvents selected fromthe various
groups. Preference is given to the use of water and solvents fromthe
group consisting of the ethers and ketones. 15 Water has proven

particul arl yesaod/aht®. The proportion of the solvents i pcri®z007/008662
conposition as a whole can be in ther e from10 - 90% by wei ght,

preferably 15 - 85% by wei ght, 20 based'®on the total weight of the
etching paste. Particularly suitable conpositions have proven to be
those in which solvents are present in an anount of 55 - 75% by

wei ght, basec @thérse(fdboerdmpts gtitylarie gheobtudnotyitylasther, 26yleme glycol

vaost oo oL LoYARIR ARGt SfieHEAEh: A AL AT Bty hicione
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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 soivents 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 efching 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 revoiutions per minute and
the viscosity is measured under otherwise identical conditions at differ-



5 For the neasurenent, the sanple is located in a shear gap between a
very flat cone and a coaxial plate. A uniformshear rate distribution
Is fornmed in the neasurenent gap through the choice of the cone

angl e. Cont rah 2dogb283spl ace via the nunber of revol uti onsedrG®Ro70isséhe
torque 10 (CSS). Correspondingly, the n er of revolutions or torque
respectively is neasured. The direct stresses can be derived via
force transducers on the drive shaft or on the underside of the cone.
In the present case, the measurenment system used was a OP 2/ 35
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- found that theyg@ @ddition can be considerably reduced for
the preparation of a paste Law ng a viscosity of less than 40 Pas, in

| If desired, the viscosity can be adjusted by addition of solvent, in the
: @ 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, fo
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-



i oparticular about 30 Pas. The pastes according to the invention can
be prepared using commer- cially available graphite or carbon-bl ack
powders whi ch have the prop- erties described above and neet the size

and surface weshaghLemrnts. 15 Mention may be made here bypovaw26b/008662
exanpl e of the comrercial product Super,§TM (conductive carbon bl ack
from TI MCAL G aphite & Carbon, Switzerl gﬁ The use of carbon-Dbl ack
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Qrtm“ﬁeh“ELTEQ?E‘%E%%Q@@J%"JQ%H"%Eﬂ%b%ﬁt o B¢ fébareit Geipbbommer-
i ndi cat ed ar eCiphe:puaiable graphite cm§%aonwbéaqke§ow¢aes phiah bave dheupserr s
can general | yefiiesdgé&iriHeiedbbve wméét ﬂh@sﬁkedéiﬁd rs%‘?ﬁab@”réh@ﬁ’@h’ﬂﬁﬂs

h |
D oS e fHRBHEE ey, PR B HRE el B EaRER pE e capnelcl Prodc
particles r eflmatcSuprbrePW dtondwdtive carbbh kpack frohed (MEALaGraphite BeCar-
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t hus di rectly corre e 0 the particle size. The observed scatter

angl e increases logarithmcally with decreasing particle size. The
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MRKBS56- 01 11 oy diainke ' dhils” S B Garit Solvent components of the paste. This
has the consequence that the BODS5 value (mg/l) in the rinse water can
be reduced by simple particle filtration. The BOD5 value is the biclogi-
30 cal oxygen demand (mg/l) of waste water in 5 days, measured in accor-
dance with DIN 38408 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 particie correlation
spectroscopy (PCS), with the investigation being carried out using a

35



The partrcl e size in the nanopartlcul ate range can al so be determ ned
with the aid of scanning electron photonicrographs (SEM photographs).
To this end, particle-containing enulsions can be prepared and

applied to @éwﬂg,@gkﬁ surface in an extrenely thin | ayerpdikroor/008662
spin-coating process. After evaporation,of the solvent, SEM

phot ographs are taken and the particle d aneters recorded are
nmeasured. The relative particle dianmeter of the neasured sanple is
determ ned by statistical evaluation. Standardi sed nethods for

det erm ni ng pRlalverheZetastgerain stnordascs unitlabthe frstrudtion puamese Tdree

D stribation WAMEET opina BATRISS, isideteih el Al A 0 diotldss vEIR, e
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1996-07-01)], including nethods for determ ning sizes in the nm
nmeasurenent range. WO 2008/ 052636PCT/ EP2007/ 008662 - 20 - Possible
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particle diameter of the measured sample is determined by statistical

30 evaluation. Standardised methods for determining particle sizes and
devices suitable for this purpose are described in 1ISO 13321, Methods
for Determination of Particle Size Distribution Part 8: Photon Correlation
Spectroscopy, International Organisation for Standardisation [(ISO)

35 1986 (First Edition 1996-07-01)), including methods for determining

sizes in the nm measurement range.



VIO 2008/ 052636PCT/ EP20071008662 - 21 - being set are considerably

i nfl uenced by the anounts of solvent and thickener present. The
anounts of solvent and thickener present in turn influence the

i etchi ng behaybabisinsdeependi ng on the type of use in the pprORESS07/008662

according to the invention, it is therggﬁre possi bl e for the person
5skilled in the art to select a correspérdi ngly adapted conposition
of the etching nmedium For the preparation of the etching pastes, the
various conponents are mxed with one another successively with
adequat e mi xi Rgssibte thigkening elgents whicth ase vaddechat order toeajeshthe eisk s
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¢ individual structures can be etched over the entirte area or

selectiV@y tB"E RETRRSSth desired in each case in a silicon surface or
| ayer.

The proportion of thickening agents necessary for the specific setting of
the viscosity range and for the formation of a printable or dispensable
paste is in the range 0.5 — 25% by weight, preferably 1 — 10% by

15 weight, based on the total weight of the etching paste. Particularly 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 (dimethyipoly-
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 appiied 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




“Areas of appiication are, for exanple: WD 2008/ 052636
PCT/ EP2007/ 008662 - 22 - all etching steps (synonynmous wth
st.ructuring steps), including surface cleaning/roughening of silicon

surfaces andwbay®licseahi ch result in the production of oppogkembrioeat
conponents, such as solar cells, photodigdes and the like, in

particular parting of the p-n junction il bsilicon solar cells and
the partial renoval of doped |ayers (selective emtters) all etching
steps on silicon surfaces and | ayers which result in the production
of sem conducbeingcseparemoasaiedallyriofluesced byl theebotourds sifepsvent and
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- lines or struetahirggs medilimconsi derably i nproved edge sharpness. At the
" sane time, it has been found that the use of NaOH and KOH in a

m xture as etching conponents nakes it possible considerably to

i nprove the a{i@fatg@ prep@Araton safetheopteiingorasties, dhe radissls eaamanapts
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The etching pastes according to the invention can be printed in a known

15 manner onto the wafer surfaces or semiconductor surfaces and can
even be printed in fine line printing < 50 ym. This is possibie, 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:

@ « 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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and after the etching process with exposure to heat have surprisingly
shown that the lownelting particul ate additions present do not m X
wi.th 30 the other conponents of the etching paste conposition on

. mel ting, butwighbfasksgor m an organi c phase which floats aagrsiotibRss:

on the surface of the printed-on etchingafaste like a thin |ayer. The
pol ymer |ayer or polynmer nenbrane forméd“h this way appears to have
a consi derabl e influence on the behaviour of the etching paste and

the etching rate, 35since the conpositions according to the invention
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i As has al r eadplertenbtsinagighificadipove plisida loeolortdtructaiesy with cTsid-

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 efching 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 efching rates mean that the etching
pastes according to the invention can now also be employed in the

& industrial high-throughput semiconductor element manufacturing proc-
05  ess.

As already mentioned above, investigations of the etching pastes during
i and after the eiching 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 composition 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 considerabie
1 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



25 conductor elenent printed with the etching pastes according to the
invention to tenperatures above the melting point of the polyner
particles present does not result in an inpairnent of the etching

result, but | 5‘8%12435' a considerabl e inprovenment of thepptRPRItHBEs2
of the etche tructures. 30 In order tq% carry out t he etching
process, for exarrpl e, a wafer printed etching paste is heated

for 2 mnutes on a hotplate at about 200C. This tenperature is
preferably selected if the etching pastes used conprise polyner
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Figure 7 shows a diagrammatic representation of the behaviour of the

20 low-meilting 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
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etching component. The printed-on etching paste thus also refains its
shape in this phase, and lateral spread and rounding 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 efching pastes according to the inven-
tion, which may comprise NaOH and/or KOH as etching components,

25 mean that it has become possible o 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.




15 exanpl es given and also in the remai nder of the description, the
conponent amounts present in the paste conpositions always only add
up to 100% by wei ght, based on the conposition as a whol e, and cannot
go beyond t hwe,zomwerssé f hi gher val ues coul d arise from t her/penormtage
ranges indicated. 20 The tenperatures gisgen in the exanples and
description and in the clains are alwayS quoted in C. 25 Exanpl es
Exanple 1 3031 g of KOH 14g of NaOH 60 g of water 5 g of ethylene

gl ycol nonobutyl ether 3.5 g of Carboner (thickener) 353 g of LD PE
powder (d50: Iée nresentedesanptippienablathe) persoo skilkgl inshesst to apply the

PCT/ EP2007/ 008#@ation Lomprehensively. In the case of any lack of clarity, it goes
without saying that the cited publications and patent literature should be
employed. Accordingly, these documents are regarded as part of the

5 disclosure content of the present description.

For better understanding and in order to illustrate the invention, exam-
ples are given below which are within the scope of protection of the pre-
sent invention. These examples also serve to illustrate possible vari-

10 ants. Owing to the general validity of the inventive principle described,
however, the examples are not suitable for reducing the scope of pro-
tection of the present application to these alone.

It goes without saying to the person skilled in the art that, both in the
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)
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0.3 - 1 pm The etching depth can be increased by increasing the KCH
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EX?@JWI e 2 3020gferabkC emperature of about 115°C, is set.

The elching 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 eiching depth determined (depending
on the printing and dispensing parameters) is 0.3 — 1 um. 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 uym.

The etfching 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
629 of water
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 um, melting point: 134°C)
35
The batch and processing are carried out as described in Example 1.




62g of water 1.5 g of polyethylene glycol 200 3.5 g of Na salt of
car boxynet hyl cel l ul ose (Finnfix thickener) 3.0 g of HD PE powder
(d50: <25 pm nelting point: 134C) 35 WO
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the silicon surface using a dispenser (g dianeter 450 pm) and
etched for 3 mnutes at an etching tenperature of 145C. On production
of etching structures with a line wwdth of about 1 mmon an n-dopeﬁ
(100) silicon fer, the etching depth determ ned 5(dependi ng on e
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Example 3

45 g of KOH
10 60 g of water
8 g of ethylene glycol
& 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 efching 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).

kel
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etching tenperature of 180C. The etching depth determ ned on pro-
20duction of etching structures with a line width of 1 nmmis about
200 nmon a silicon wafer. Figures 1 and 2 show the conpari son of the
et ch dept hs whi2ed05%a6 be achi eved under identical condit POREPI0AT/(03GQ)
silicon surface using the 25etching pastgs according to the invention
and using previously known etching pastes w thout addition of
particles. Exanple 4 30Description of the behaviour of the etching
paste accordi nﬁ to the invention The pastes are applied to the .
si i con waf er $hadolowingnehqtographsl shaw aosiliern etehing pasteewitgout agdition
ﬂl tspfntser ” Egggpépn‘ié‘r%dmpawwrtﬁ a §i|ife‘®lb%fchiﬁ§?p}é{§té {nm_hliécﬁ?ﬁ% @'ﬂfaalow-
. hotplate a for m n,. ring. e, Silicon.s etched fo
edge | neul at | BPsEPEBRPrmelES pRIRLY T80 hyTean ER3nkdecigs her That
: PCT/ EP2007/ 008B@6Paste without addition of polymer runs to a significantly greater
] 5 extent (surface spread) on the textured silicon surface (the paste has no
protective sheath against atmospheric moisture). By contrast, the paste
with a polymer component exhibits no significant surface spread on the
textured silicon wafer even 30 min after the etching step on the hotplate
(2 min, 200°C).

10
Strong surface spread is undesired in the mass production of solar cells!

Figures 3 to 6 clearly show the improved behaviour of the etching
pastes according to the invention with respect to precise etching com-
15 pared with previously known efching 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.

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 fo 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
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5 Fig. 5 shows the same Si wafer as in Fig. 3 above 30 min after
etching wusing an etching paste w thout polymnmer on the hotplate at
200C/ 2 mn. The etch edges are fraygdl. 10Fig. 6 shows the sane Si
wafer as in Fig. 4 above 30 mn after etch- ing using an e]tchi ng
aste conprising lownelting polyner particles on the hotplate at
200C/ ZnPn' n. Tﬂe etch edges ar ealﬁj?ﬁhﬁgﬁ%”\fiﬁani ng that a straight
ridge is retained at the edge. 15Fig. 7 shows a diagranmmatic
representation of the etching process with an al kaline etching paste
conpri si‘hg | duintehie, digpansehliee alkgling eching media®dQ; etshing silicon surfaces
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according to urt conprisin
below 150°C.
2. The etching medium according to Claim 1, further comprising one or more

of inorganic particles, thickening agents and additives such as antifoams,

thixotropic agents, flow-control agents, deaerators, and adhesion promoters.

3. The eiching medium according to one or more of Claims 1 - 2, wherein the
etching component comprises an organic or inorganic base in a concentration of 2 to
50% by weight, based on the total amount of the etching medium.

4, The etching medium according to one or more of Claims 1 - 2, wherein the
etching component comprises an organic or inorganic base in a concentration of 5 to
48% by weight, based on the total amount of the etching medium.

5. The etching medium according to one or more of Claims 1 to 4, comprising at
ieast one etching component selected from the group of:

sodium hydroxide, potassium hydroxide, ammonia, sthanol-amine,
ethylenediamine and tetraalkylammonium hydroxide, or one of the mixtures of
ethylenediamine and pyrocatechol or ethanolamine and gaillic acid.

6. The etching medium according to one or more of Claims 1 to 5, comprising at
least one efching component selected from the group sodium hydroxide and

potassium hydroxide.

7. The etching medium according to one or more of Claims 1 to 6, comprising



of inorganic particles, thickening agents and additives such as

antifoans, thixotropic agents, flow centrol agents, deaerators, and
adhesi on pronoters. 3. The etching nedium according to one or nore of
Claims 1 - 2, wherein the etching conponent conprises an organic or
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medium.

9. The etching medium according to Claim 2, wherein the thickening agent is
selected from the group of:

hydroxyalkyl guar, xanthan gum, cellulose and/or ethyl-, hydroxypropyl- or
hydroxyethylcellulose, carboxymethyiceliulose, sodium
carboxymethythydroxyethylcellulose, homopolymers or copolymers based on
functionalised vinyt units of acrylic acid, acrylates and alkyl methacryiates (C10-Cao),
individually or in a mixture in an amount of 0.5 to 25% by weight, preferably 1 to 10%
by weight, based on the fotal amount of the etching medium.

10.  Etching medium according to Claim 2, wherein the additive is selected from
the group of:

antifoams, thixotrepic agents, flow-control agents, deaerators and adhesion
promoters in an amount of 0 to 2% by weight, based on the total amount of the
efching medium.

11. A process for etching silicon surfaces and layers or glass-like surfaces and
layers consisting of a silicon derivative, comprising:

applying an etching medium comprising
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based lon theatépay'ng BRICHAg mREiLn ayerifitig Ak af imsurfage onnsicseriance or

et chi ng \git 4§ @t&h%ﬁruﬁﬁﬁ@ﬁn@ﬂ%pbawé@ SHly &) &e8s bt kR Maﬁé%?@h%ﬂ%tﬁﬂ% rs
consisting of a silicon derivative, conprising: applying an etc

medi um dApsired. agd tpetshinoaaediughacts asitiee surEderdIregrasoRpesredime efist
one sol ecdRds g; §3ANhGeR R E't&rhﬁéra(fﬁw iSH RS AW I'gattm%\?@ﬁ'ie melting.

pol ypropyl ene and/ or corresponding co o YNers, havi n
poi nt almwird of (F@ angdnisglaoticidSPEskent mhbe stuhfragcraetﬁlum andexposure ti rre
heating duri ngrthe ex 0 a. tenggratu e at

organi c parti“ e&o%p%g&%cﬁlﬁgm%dlgm&ﬁ%a 'a?%wwf?om’ﬁﬁ@%%&wﬁ a

thin polhaser | ayer on the etching medi um

13.  The process according to one or more of Claims 10 to 12, characterised in
that the etching medium is activated by input of energy and is heated to a
temperature higher than 80°C and lower than 200°C.

14.  The process accerding to one or more of Claims 10 to 13, characterised in
that the step of heating the etching medium is performed by exposure to and IR
tamp or a hotplate.

16.  The process according to one or more of Claims 10 to 14, characterised in
that the step of applying the etching medium is onto the surface to be etched uses a
screen, template, pad, stamp, ink-jet or manual printing process.

16.  The use of the efching medium according to one or more of Claims 1 to 10 in
one or more of the following:

photavoltaics, semiconductor technology, high performance electronics,
display manufacture and for the production of photodiodes, circuits and electronic
components;



12. The process according to Caim1ll, characterised in that a)
appl ying the etching nedi um over eithﬁr all of the surface or in

accordance with an etch structure nask specifically only to areas of
the surface at which etching is desired, and the etching medium acts

a 't erper at ur S U PGy SRR A L el ol PR AR Mbcllo Ml =
organic cpﬂas;_ti cles present in the etching medium and c) renoving the
The process dcirinagiodt siBRs S 8V Ee s B aOGisPh of3 sBlechbiminet*

char act dnit segk ¢afist hat the etching nediumis activated by input of
energy and is heated to a t erature higher than 80C and | ower than
200C.  14. T%%rﬁﬁaaﬁ% C%Ew%rpeﬁgartdﬁab?fé ﬁOIﬁBP%[?Sd’PF EIRIPHRIED to 13,
char act gjtiggrctioh b&}viddye step of heating the etching mediumis
performed by exposure to and IR lanp or a hotplate. 15. The process

accor di ng t o ferRicking pieen sprfageas ans [agersdn aproedsarfacthemredustipn of hat
the ste ; j j i S to the surface to be
%e%cc?r&f&'c%ﬂr%Snkpgeﬁ%%{h'gr@%ggg%%df afid!

et ched uses a screen, np stanp, 1nk-jet or nmanual
printing prodes=ching 6ilicdmeuriaeesadnd lhgerstic hipmgeassdouimegeoduationgft o one

or nore of ( ai .to 10 in one or nore of the foll ow ng:
phot ovol PR ?”@%ﬁ%ﬁ%ﬂ%‘i%@@&#ﬁ%ﬁowﬁ; hi gh perfornmance
el ectroni cs, display manufacture and for the production of

phot odi odes, _circuits and el ectronic conponents; . 33 for etching .
si li con Wur f dbeLiehing Wapﬁqrdﬁﬁetﬁiqami ﬁec%ﬂwlﬁi%‘ﬂhﬁ&*ﬂ ihe spbient is

cells; gelected REMBHERINE & 11 con surfaces and |ayers for the
production o? a sef]e?tclng)e emtter for solar cells; for etching

si li con surf acder, mecrpagrelsdisthyiasieaglyesdl digropgene ghcol patyethylene

L A T

and ci r ciethy!-1-hexaad! or arigtures therdadr et ching silicon surfaces and
| ayers in a proc

hi gh- per f or n&ﬁé@ngeg%foc{‘%h?%eg'%r“%%#ft I‘I'gg gI cﬁiogogggit zml gccordi ng to

G aim8, CconpiceRphendiis neetfiyllAReratotRNE-dotarkRkect ed from the group

of: 4-hydroxy-4-methyl-2-pentanone, 1-methyl-2-pyr-rolidone, ethylene glyco! monobutyt
ether, ethylene glycol monomethyl ether, triethylene glycol monomethyl ether,
diethyl-ene glycol monobutyl ether, dipropylene glycol monomethyl ether, carboxylic
acid esters, such as [2,2-buioxy(ethoxy)lethyl acetate, or propylene carbonate, as
such or in a mixture in an amount of 15 to 85% by weight, based on the total amount

of the medium.

18.  The etching medium according to Claim 2, wherein the thickening agent is
selected from the group of:

hydroxyalkyl guar, xanthan gum, cellulose and/or ethyl-, hydroxypropyl- or
hydroxyethylcellulose, carboxymethylcellulose, sodium car-
boxymethylhydroxyethyleeliulose, homopolymers or copolymers based on
functionalised vinyl units of acrylic acid, acrylates and alkyl methacrylates (C4p-Cag),
individually or in a mixture in an amount of 1 fo 10% by weight, based on the tfotal

amount of the etching medium.



wat er, iso-propanol, diethylene glycol, dipropylene glycol,

pol yet hyl ene gl ycols, 1,2-propanediol.,, 1, 4-butanediol,

113- but anedi ol , glycerol, 1,5-pentanéﬁiol, 2-et hyl -1 -hexanol or

m xtures thereof, or selected fromthe group of: acet ophenone,
nmet hyl - 2ghex z » whla =1 - 2 '
Lot hy s py e oI TaSn e ! et end Bloin % AR 81808 Ipes
gl ycol inerioget Wigkh eft lhes thanrGCeitthy| ene gl ycol nononet hyl et her,

di et hyl -ene gl ycol nonobutyl ether, dipropylene glycol nononethyl

et her, carboxylic acid esters, such as [2, 2-but oxy(ethoxy)]ethyl
acetate, or propylene carbonate, as such or in a mxture in an anount
of 15 to 85% by wei ght, based on the total anount of the nmedium 18.
The et ching nmedium according to Claim2, wherein the thickening agent
is selected fromthe group of: hydr oxyal kyl guar, xanthan gum
cel lul ose and/or ethyl-, hydroxypropyl- or hydroxyethylcell ul ose,

car boxynet hyl cel | ul ose, sodi um car boxynet hyl hydr oxyet hyl cel | ul ose,
honopol ynmers or copol yners based on functionalised vinyl units of
acrylic acid, acrylates and al kyl nethacryl ates (C10-C30),
individually or in a mxture in an anount of 1 to 10% by wei ght,
based on the total anmount of the etching nmedium 34 19. The process
of Claim1l wherein the etching nediumis used to formlines having a
wi dth of |ess than 50 pm



