WO 2011/ 032880PCT/ EP2010/ 063209 Aqueous Aci dic Etching Sol uti on and Met hod
for Texturing the Surface of Single Crystal and Pol ycrystal Silicon
Subst r at eyo2ki@l3assof the I nvention The present inventiorcirErdéscized to a
novel aqueous acidic etching solution useful for texturing the surface of
single crystal and polycrystal silicon substrates. Moreover, the present
invention is directed to a novel nethod for texturing the surface of single
crystal 10and I%crystal silicon substrates_making use of the noveI

aqueous acﬁﬂ'P‘é st 2R G iinaSolutighaneMetpdpel [y s Fivkags LrERtesCYPt ed i n

t he presen&m@aakk@@hggmsme@qsuggﬁmgfated by reference in their entirety.
Background of the Invention 20Texturing consists in creating a certain

roughness at the surface of a substrate in order to enable nmultiple
reflection of light incident on its surface, thereby |eading to greater
absorption of the light inside the substrate, i.e., to an increased

| i ght - c8nf Tl BedvEptiorThe roughness obtained in this way has two
conplementary effects: the first effect is to reduce the reflecti ng power
or optical reflectivity of the surface; the second effect is to
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i ncreased |ight- conflnlng gives rise’to an increase in the
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30Cust ggar ihy pofyB@sfaPH%Uﬁ%s@éteé fdkiHgSuselof tEn ST qsRu8hcicSBfhd 8816. 10
particular of "a’sillicon or silicon alloy substrate or wafer may include
randoni zedlipyram ds or a multitude of pits having a depth in the range of
fromO0.1 to 10 pmand a dianmeter in the range of from0.1 to 10 pm WO
2011/ 032880PCT/ EP2010/ 063209 2 Mention may be made of nethods such as
mechani cal CéagRegimgntsl aser et ching, photolithography, masking,

sandbl asting, nortizing, anodic oxidation, sputter etching, etc. However,
t hese nethods are conpl ex and expensive to inplenment (cf. also the

i nt er ndbi orlée deavmantsgipd i thei RSED AppficEtioB 2ralncometried byireiseeres, in theipage
3, line 7) onf Ehe single crystal silicon substrates are mainly produced by
saw ng ma55| ve 'silicon ingots. However, crystal defects having a depth of
sever al pn1are caused by the sawing, which is known in the art as saw
damage. @%@krB&%FmQE§ﬁR%h<9FfECtS are centres for the reconbination of
el ectron-ho arrs I'S necessary to renove them by way of a 10

so-cal | ed saw danage etch.

20  Texturing consists in creating a certain roughness at the surface of a substrate in order
to enable multiple reflection of light incident on its surface, thereby leading to greater
absorption of the light inside the substrate, i.e., to an increased light-confining effect.
The roughness obtained in this way has two complementary effects: the first effect is to
reduce the reflecting power or optical reflectivity of the surface; the second effect is to

25 increase the length of the optical path travelled by the incident light inside the sub-
strate. In a photocell, photovoltaic cell or solar cell, the increased light-confining effect
gives rise to an increase in the effectiveness with which light is transformed into elec-

tricity.

30 Customarily, the roughness or texture of the surface of a substrate, in particular of a
silicon or silicon alloy substrate or wafer may include randomized pyramids or a multi-
tude of pits having a depth in the range of from 0.1 to 10 um and a diameter in the

range of from 0.1 to 10 ym.

35 Various methods have been proposed for texturing the surface of the said substrates.



The nethod of surface texturing presently enployed on an industrial scale
is character- ized by the use of aqueous al kaline sol utions based on sodi um
hydr oxi deworopaizasssi um hydr oxi de. These sol uti ons have tPhe/ppr@pasizyo of
etching silicon anisotropically depend- 15 ing on the crystall ographic
orientation of the grains situated at t e surface, t hereby nodifying the
surface norphology of the silicon. Etching speed is about 100 tinmes greater
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devel oped in the past. Thus, the Anerican patent US 5,949, 123 or the
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30 and methods of their use have been developed in the past.

d

Thus, the American patent US 5,949,123 or the European patent EP 0 773 590 B1
disclose an aqueous acidic etching solution containing hydrofluoric acid and nitric acid
in a weight ratio of 1:3. This etching solution is used for creating pores in the silicon

35 surface thereby creating a porous layer. In a second step, the porous layer is removed



25nitric acid are used. Sulfuric acid is not used as a conmponent. The

Anerican patent US 7,192,885 B2 or the international patent application W
2004/ 1002464 2M1/0dbssol ose an aqueous aci di ¢ et chi ng sol ut ipom/EPenbas20Ng 10 to
40% by wei ght of concentrated hydrofluoric acid, 2 to 60% by wei ght of

concentrated nitric acid 30and 20 to 55 %% by wei ght of water. Sulfuric acid
is not used as a conponent. The Japanese patent application JP 2005-311060
di scl oses athaauficlite 36iutdre ofdogiinh Bydrokité | tberebp bicating the slifat®texBite sulwei ght

of hydroflhjorlcqamd 15 to 31%Db H@ei ght of nitric acid, the remai nder
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r emai nder lﬁﬁc%ldg?r@]@g)rﬁé?} g’i/ve‘i)d'ht l)\e\§§te f water. Spin-EtchTM E contains 1

to 5% b ric acl to 10% by weight of nitric acid and
75 to 88% by wei ght of sul furic acid, the remainder being 19% by wei ght
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sol utions rorating sone of
associ at ed e, tWhEtrhle agapsays akikil etdmn@tselhtltngwlntmmmléﬁ to Ha% byeyeighkol

const ant d?\ygﬂoﬂ@mnéci& gnéi BR6 A8, B‘V%e%lt %Pﬁl‘?rict Qé?(lj En@BWaiq%@éus acidic etching
solution B containing 32 to 46% by weight of hydrofluoric acid and 2 to 6% by weight of

25 nitric acid are used. Sulfuric acid is not used as a component.

The American patent US 7,192,885 B2 or the international patent application WO
2004/100244 A1 disclose an aqueous acidic etching solution containing 10 to 40% by
weight of concentrated hydrofluoric acid, 2 to 60% by weight of concentrated nitric acid

30 and 20 to 55 % by weight of water. Sulfuric acid is not used as a component.

The Japanese patent application JP 2005-311060 discloses an aqueous acidic etching

solution containing 10 to 22% by weight of hydrofluoric acid, 15 to 31% by weight of

nitric acid, the remainder being water. Sulfuric acid is not mentioned as a component.
35



35tional property profile in order to neet the demands of the market. In
particular, a nore uniformcolor of the etched silicon substrates or wafers
i's requi red 2homosassst hetic rea- WO 2011/ 032880PCT/ EP2010L@632619/063280NS,
when the solar cells manufactured with these wafers are to be used in urban
areas. Additionally, the grain boundary4etching or defect etching,

i ncluding the etching of crystal dislocation clusters, ought to be
decreased iThe @dttiantpatéripipph@tibh OB 1 @07 P4 060 thiedistibdesaih yqfedius adiiit t 0
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or wafers and does no | onger exhibit the drawbacks of the prior art aqgueous
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sol ution shadladiderhybiby waiyht BPAIGCEELIR TSR b ardidre Wf 3Ulricdid -l #6% by
property profile in order to neet the increasing demands of the solar cells
i ndustry aM@ight &f walef-grwayer tiip Salkiam isdrrimasily weesk fRethevetchemiral edgadspe

uni form colfion@ndt Herébe)@dusdd 10CveS HRSIHNRELE BroBlenVahthsis AFbrétt fidne treol ar
cel I's manufactured therefrom shoul d be achi eved by way of the novel aqueous

f
aci di c 18t cRreRierappiithe UG SUREERS: i /i vsed fontishenapsadrbibis gelvditte

et ching solyhiRponwpdhd 128 dEImBarBidel drRssth Rigs@dnced grain boundary
etching or defect etching, including the etching of crystal dislocation

clusters, in order to inprove the stability of the silicon wafers and of
the solar qflrbsver] Seviedl tdoRithétbialdgihdds LRI cRMARUSIIRAsARE Namdid fYthd-ast

but not |east, the novel aqueous acidic etching solution should cause an

i ncrease ofmarkRd. ef fici encies of 25the photovoltaic cells or solar cells
manuf aggured fromthe silicon wafers textured with the said solution. I t
was anot her object of the invention to provide a novel nethod for texturing

t he surfac&ObEXxanpigl Srinrhjeh ™IBTapentaios 18 g D%l bisweigboef Rydipdiupas aeid o0 {gaf er s,
whi ch novel hod i o IOl ; f [ art

ot hods. LR Rt F R o g B 1 e e nds
of the sol aeighépf ghdsnbierin agjd, dtriremaindsy beinasbse byrweighkariesseof wates- novel

nmet hod should yield etched silicon substrates or wafers with an i nproved

uniformcolor so that, in turn, solar cells having 35al so an i nproved
uni f or A colShiPolismEtst ™hit caniend. S Thi19% Sy pegightcef] kydrefiuorip @cida b, towdh yuch
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shoul d
phosphoric acid, the remainder being 34% by weight or less of water.

Spin-Etch™ D contains 1 to 7% by weight of hydrofluoric acid, 35 to 45% by weight of
25 nitric acid, 10 to 20% by weight of sulfuric acid and 15 to 25% by weight of phosphoric

acid, the remainder being 39% by weight or less of water.

Spin-Etch™ E contains 1 to 5% by weight of hydrofluoric acid, 5 to 10% by weight of
nitric acid and 75 to 85% by weight of sulfuric acid, the remainder being 19% by weight

30 orless of water.

Although these prior art agueous acidic etching solutions are capable of ameliorating
some of the problems and drawbacks associated with the aqueous alkaline etching
solutions, they require a constant development to improve and balance their applica-
35 tional property profile in order to meet the demands of the market. In particular, a more

uniform color of the etched silicon substrates or wafers is required for aesthetic rea-



WO 2011/ 032880PCT/ EP2010/ 063209 6 lead to a nmuch | ess pronounced grain
boundary etching and to a significantly higher stability of the silicon
waf er s anwoabivdzesssol ar cells produced therefrom in partirmpb@n/ocs2ns ng

t heir production and handling. Last but not |east, the novel nethod shoul d
yield textured silicon wafers which, in5turn, yi el d photovoltaic cells or
solar cells with in- 5creased efficiencies. Summary of the Invention

Accor di ngl ¥ong, hmthMQk;olaqu@@Uﬁar&ﬁé(ﬂlhr@d@\tlmhh@@a wolety drero Mausbeenufvadng, the
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(0] 0 wel (0] ntric acl 0 el (0] S uri Cc acl
and %ﬁs S’ﬁfﬁwf\ﬁé%‘fﬁe&fh%@f% ‘F?gﬁa@? Hé%e’%‘vﬁog HETe8 78 'éeq%fé%rus
acidic stcmamg |r$glam:m@ﬂdur$ngr eloauEtRm. Lastasut nde lezet, ahd BEicRALWS ioPthephdthe
i nventi on" Mor eover, the novel nethod for texturing the surface of

single cryé’f"éﬂ'c st %éPV&P@@t%ﬁdép?n%ﬁm irapo¥eatles has been found, the said
met hod conprising the steps of (1)contacting at | east one major surface of
a single crystal or polycrystal silicon 25substrate with an aqueous acidic
et chi ng solAN§EHOdBAtYPRINY, based on the conplete weight of the sol ution,

3 to 10% by wei ght of hydrofl uoric acid; 10 to 35% by weight of nitric
aci d; 30 5 to 40% by weight of sulfuric acid; and 55 to 82% by wei ght of
wat er ; @2) &t W@ AR adIRst Qf CeRSECHnBVERAPB O APvideca novely agHeR}ISea iy SihiNdor

pol ycryst a'sol%hd)rﬁ #ARh is particularly suitaBldRSt ERLANS Ple s@rfbbérgf s?f'ftﬂe glysil Bﬁdrﬁﬁfl-at ure
sufficient to obtain a surface texture 35consisting of recesses and

pr ot r usi On§§ys§fll(§|llcon substrates or wafers and does no longer exhlblt the drawbacks of the

prior art aqueous acidic etching solutions.

15  In particular, the novel aqueous acidic etching solution should exhibit an improved and
a particularly well-balanced property profile in order to meet the increasing demands of
the solar cells industry and its customers. Furthermore, for aesthetic reasons, a more
uniform color of the etched silicon substrates or wafers and of the solar cells manufac-
tured therefrom should be achieved by way of the novel agqueous acidic etching solu-

20 tion. Additionally, the novel aqueous acidic etching solution should exhibit a much less
pronounced grain boundary etching or defect etching, including the etching of crystal
dislocation clusters, in order to improve the stability of the silicon wafers and of the
solar cells, in particular during their production and handling. Last but not least, the
novel aqueous acidic etching solution should cause an increase of the efficiencies of

25 the photovoltaic cells or solar cells manufactured from the silicon wafers textured with

the said solution.

It was another object of the invention to provide a novel method for texturing the sur-
face of single crystal and polycrystal silicon substrates or wafers, which novel method

30  does no longer exhibit the drawbacks of the prior art methods.

In particular, the novel method should meet the increasing demands of the solar cells
industry and its customers. Furthermore, the novel method should yield etched silicon
substrates or wafers with an improved uniform color so that, in turn, solar cells having
35 also an improved uniform color can be produced. This is particularly important, when

such solar cells are to be used in urban areas. Additionally, the novel method should



WO 2011/ 032880PCT/ EP2010/ 063209 7 (3)renoving the at |east one ngjor
surface of the single crystal or polycrystal sili- con substrate fromthe
cont act wbhotis2squeous aci di ¢ etching sol ution. iBeraipp@iioes204 he
novel method for texturing the surface %f a single crystal or polycrystal
S5substrate is referred to as the "nethod of the invention". Last but not

| east, a new nethod for nmanufacturing devices generating electricity upon

the exposuleudtto £hrchneysagorbireet afaiaticandfgstdreenahetnd,sigriicahtlyraigasr use

of the etchjng. so iqgn of the invention an t he i tion
and which P bﬂ'é\‘r 8% ﬁ]ﬁfs"'ofﬁt"é?feﬁse?fé’ri’ @et%"%[sce[”ﬁémﬁﬁgft%ﬁ{ﬁ? H@%ﬁ A of
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sol ved by thesed eficiegcie®l uti on of the invention and the nethod of the
invention. Thus, it was surprising that the etching solution of the
i nvention no | onger exhibited the drawbacks of the prior art etching
sol uti ons. sAthnhdry WeseP@rdntisy! arly surprising that the etching solution of
the invention ex%ibited an inproved and a particularly well-bal anced
property profile which could perfectly neet the increasing denmands of the

sol ar cel | ctordinglyt hedmlel héuéb%ta@rm;r Stchihy 'sbR@6MRES beb@foLrasiHaeddif sfigasons,
a more uniformcolor of the etched silicon substrates or wafers and o 25

the sofldr é&en PsingeHidtie farteduingthe spiatec e it b eryaiehard eelyBystalsficep SHPI‘e

et chi ng SO'sHét'eQ%n@fooﬁtQ%ldgnB%Ed &f‘the%gmprétém@ighb’@f th&'8olgfigi Ng sol ution of
the invention exhibited a nuch |ess pronounced grain boundary etching which
consi derably inproved the stability of the silicon wafers and of the solar
cells, in partgqghg%tguﬁéggckh@mgﬂ@ﬁgq“ﬁ;lon and handling. Last but not

| east, the etching solution of the invention caused an increase of the
30ef fi ci enci es 1810 Bh% yaightof piicacddi | s or sol ar cel |'s manufactured from
the sihgcon ma%qégogﬁagwgggx%%hmﬂkQﬁmpggg|ng solution of the invention.

Mor eover, it was surprising t the nethod of the invention no |onger
exhi bited the éﬁé@vﬁéél@l‘feﬁlghtr@éwﬁﬁror art etching solutions. WO

2011/ 032880PCT/ EP2010/ 063209 8

Hereinafter, the novel aqueous acidic etching solution is referred to as the "etching

solution of the invention".

20
Moreover, the novel method for texturing the surface of single crystal and polycrystal
silicon substrates has been found, the said method comprising the steps of
) contacting at least one major surface of a single crystal or polycrystal silicon
25 substrate with an aqueous acidic etching solution containing, based on the

complete weight of the solution,

- 3to 10% by weight of hydrofluoric acid;
- 10 to 35% by weight of nitric acid;

30 - 5t040% by weight of sulfuric acid; and
- 5510 82% by weight of water;

(2) etching the at least one major surface of a single crystal or polycrystal silicon
substrate for a time and at a temperature sufficient to obtain a surface texture

35 consisting of recesses and protrusions; and



It was particular surprising that the nethod of the invention could neet
the increasing denmands of the solar cells industry and its custoners.

Fur t her nowe,20tins2830vel net hod yi el ded etched silicon sulpstrreb@s/nes20maf er s
with an inproved uniformcolor so that, _in turn, solar cells having also an
i nproved uni formcol or could be produce&. This was 5 particularly

i nportant, as such solar cells are used in urban areas. Additionally, the

met Epd of t(:?efi Mﬁ@&ihgﬁmd ad_emloag_nm;br éue&sermﬁmm nge@r;@maaiorpg@u?é@r ¥ili-
etching or defect etchin I ncludling t etching of. crysta L sl ocati on
clusters ana. - ChB FurAEE o e AH MBS POt REHICR AT P By °f he
silicon wafers and of the solar cells produced therefrom in particular

during thei roducti on and handling. 10 Last but not |east, the nmethod of
t he invent i%ﬁgwf@r%”?\@imﬁw for fexipinaviRg EYréacRif AsIORe SYEEt &l PENMEYSIAS i t ed

for mangf aglibstiatgisrerchenitcad the "rleit)deofdRying@gionhi ch generate el ectricity
upon the exposure to el ectromagnetic radiation with increased efficiencies,
in particular photovoltaic cells or solar cells. Detail ed Description of

the I nventi_gg dub nbt Badtl 8 2ERShethe® EStmartufgotiMrRS®Vcek eREatiRg elettridity §sdred t o
the etching solution of the invention., The etching solution of the

i nvention ¥ BARISHEIRLIEGIREBRINANC IAdAURN PabPeed &unde i MgkenEse gf igce of
singl e crysichingadtiLitieR oy eeYiplettion lahl @RI MetHRa tof 8lcEiBveritidR land iWHicrsis Pghengr yst al
and pol ycrystal silicon alloy substrates, in particular silicon gernmani um
al | oy §§bs eraeleyed inap e "pretigcing mathd ofithgyingertidpst al and pol ycrysta
silicon substrates are wafers useful for manufacturing photovoltaic or
solar cells. Such wafers can have different sizes. Preferably, they are 100
to 210 nm d§uanrtagesoffReliertifiar e. Li kewi se, the thickness of the wafers can
vary. Preferably, the thickness is in the range of 80 to 300 pm 30As is
known in the art, single crystal and polycrystal silicon wafers can be

produced i i ¥ewasH e arttdisoupsrhakovg, iEwas swwrigingane 684¢/d Mphoe exraciRy ky

cryst aksaneh P s thal T b MifieRly g ind BreBAUHAGHiIBA €8ulBb et
silicon ingots or bricks. The Single cryStal ingots are e.g. grown w'th the
Czochr al skithq etghingrselltien ofife kvenlian angl the methodseddlae Metionout of nol t en
silicon, which is contained in a fusion furnace. The polycrystalline
silicon 35can be produced by heating silicon pieces in a crucible just
above t hei Mhaslit Wagysurensing thehthereichimnpelulian ¢f théymventidnommlopgescaxgibiedine

t oget her f%&ﬂhﬂ%k@oﬂﬁé?ﬁXﬁb@é hﬁ8$ﬁﬁh8%¥' WO 2011/ 032880PCT/ EP2010/ 063209

9 This block 1s cut 1 nto bricks e Tngots or bricks are finally cut into
waf ers2With wire saws. However, as expl ai ned hereinbefore, a saw damage
etch nust i - L (e i -t he
vafers ar o ot bl urBig Rl e ALY o B tRldnuBh SabBlePth fhD2
sorted i nt praved asdlaapartellariypweldoaancsd mopeytyserofilFhvdich eayilthperfedtiy mepes dieut i on

of the i ”V%tréé%mé;négel aerndstotﬁ?neeéo {}'Sd%ﬂs ﬁf&h%&h’ My A clisndAVEHH oA R rYduCed,

contains the ess conponen ydrofl'uoric acid, nitric acid, sulfuric
10 aci d anthetimtreasans, & here endemnt celoi oftbe s&thedusiliche sobstratéseonwalgirsamt ohi ng
sol uti of, t j i i | east, : Lt I i,onal
componant - i felE iy TR BUs FESNERE A bERR cra i S
essent i al | yioodf the inenors tAsidgionallye treaetdhihg solutesefribé aiveotpmpaddérited a much
"Consi stin S i " t ii.£0 i I 1] ; ts
onl'y 1 tr 558 kBt efly bolBR st Whish2ohiuerepf 8iplh &0 The SRERRI G
conponent s thensillésnwarietssarukbiotive tdotir reells, im partiofilad durirgy thein.préfuctauesa hamhen

t he et ching,.sol utio e.lnventi i S d.in_the haod. of the

vent ;on. G LR LIk AN Suich ARRE b Bl TR ER i or e

est abl Bh, effleienhiex af thegshasivioitaic celtscordsdisri catis prandiactde dfyorh Hige sidodruwafegs and
parti al di%?

x?tlJrléEi Iw(latﬁl tr(?ef et%ﬁi%g sslollul[ic():r%) cr)]f the invention.
Moreover, it was surprising that the method of the invention no longer exhibited the

drawbacks of the prior art etching solutions.
35



20 The etching solution of the invention contains, based on the conplete
wei ght of the sol ution, 3 to 10% by wei ght of hydrofluoric acid;
25-10 t o wb%hyosessoght of nitric acid; 5 to 40% lpyTmeb@blocz2ho

sul furic acid; and 55 to 82% by gﬁight of water. It is
particularly preferred that the nolar r&io of hydrofluoric acid to nitric
acid in the 30said etching solution of the inventionis froma 3:1to
1:3.7. Mr & waspatiabarysurpingihahthegmsedbitor ¢ie ibledtiod donMenbétaRe GoRéings,

based on the conpl ete i ght of the splution, 35-4 to 7% wei ght  of

Py of | uor FEAROT g S0 Ll Myt en Bhis brtoineiy EudisTabrasdle hovel Mot

2011/ 03288QR{IBERAE04i MDA 20D s ttstes b2 wafergd Wthsh wir@hdd @fifoshldoler ise tagti th  and
51 to 72% by wei ght of water. 1t ié p?rtical arlql referre &H,at t he

mol ar rati &"Bf SHYArIFINAYINEAISR PR ITBraYPE oL Felof ROYld @esyatiured: CRs s

sol uti op OfattidelaHy Psamt, &S shicPBbIdr 8dlislareOuskdlin irbarfrueshsMpadgitiBhakyeRb! Y,
the etching solution of the invention contains, based on the conplete

wei ght of ML PiUPE drventen tpditg a?’%"l:ﬂ/'e\ﬁéip&fpuﬁfe%?&frbw%@?%e_t%?@_,Ord‘ba to
22% by wei gdtk ebdhiny, irdiGdiRs & etching tdh chidtal Risiywitigh cliefers Wriduthdrefded, do 22nd

52 to 64% by wei 3ht of water. 151t is particularly preferred that the nolar
ratio of hy@Eepibrhighessiapility ohihersilicon afere @Si%‘lﬂéﬁ %‘H?rn‘@e”_&ﬂ”ﬁﬂqcﬁﬁ et he
invention &ghflid SarficuMP dlriflg Iheirprdduktidn and hhddiihg. nore particularly preferred
that the nolar ratio of hydrofluoric acid to nitric acid in the etching

sol uti &8s described hereinbefore is from1.2:1 to 1:1.2, even nore particu-

20l arl'y prehsr @Rl ot fidRM the Indind® ol ihk Hhvéitdn iB8ed RH@rEd alikyn whicks which
were excellently suited for manufacturing mechanically stable devices which generate
electricity upon the exposure to electromagnetic radiation with increased efficiencies, in

particular photovoltaic cells or solar cells.

15
Detailed Description of the Invention
In its broadest aspect, the present invention is directed to the etching solution of the
invention.

20

The etching solution of the invention is particularly useful and suitable for texturing the
surface of single crystal and polycrystal silicon substrates, including single crystal and

polycrystal silicon alloy substrates, in particular silicon germanium alloy substrates.

25 Most preferably, the single crystal and polycrystal silicon substrates are wafers useful
for manufacturing photovoltaic or solar cells. Such wafers can have different sizes.
Preferably, they are 100 to 210 mm square or pseudosquare. Likewise, the thickness

of the wafers can vary. Preferably, the thickness is in the range of 80 to 300 um.

30 As is known in the art, single crystal and polycrystal silicon wafers can be produced in
accordance with known and customary methods. Thus, single crystal and polycrystal
silicon wafers can be manufactured by cutting silicon ingots or bricks. The single crystal
ingots are e.g. grown with the Czochralski (CZ) method, by slowly pulling a seed shaft
out of molten silicon, which is contained in a fusion furnace. The polycrystalline silicon

35 can be produced by heating silicon pieces in a crucible just above their melting tem-

perature. This lets the silicon pieces grow together forming a massive silicon block.



The preparation of the etching solution of the invention does not offer any
particularities but can be carried out by adding hydrofluoric acid, nitric
aci d and wol2buwdsgssaci d in the desired amounts to water. pPE@/EPRI0A6T209 pPOSE,
the customary and standard mi xing proc- , 25 esses and acid corrosion
resistant mxing devices such as agitat &d vessel s, in-line, dissolvers,

hi gh shear inpellers, ultrasonic m xers, honogeni zer nozzles or counterfl ow

m xers canThe bisadis d%itafterba:bks( Tr@hag@tgair $rioks Aiegimaiyaicut wts waferaisithifwird NGB,
H2SO4 Sel ect i ?ur TMor Seluris TM anrcéjbeg%i oni zed wat er aée ugg)d. 30Tc£e
etching sof@VForOY¥FVanas Fﬁ'?)%'ﬁ? it 8t A SRR FCaUTYE Pe AL Ur i ng
the surfaceftsthéaaringf single crystal and polycrystal silicon substrates,
in particular the wafers descri bed above, in accordance with the nethod of
t he i nventi on. In the first step of the nethod of the invention, at

| east ope MLPthefWrddkBomNHe WRFR$ %F@cus’-ﬁ&ﬁéMY chéket gy t5rBhIRIgeS lérnfjaﬁrﬁé& dryi ng
opposite to each other of the single crystal or poly- crystal silicon

substrate &%& FWAESPEE {KﬁtqWetSH@ré%lP{‘OH@Ct@&m?qeéﬁ of the invention. WO
2011/ 032880PCT/ EP2010/ 063209 11 This can be acconplished, for exanple, by

di pping at _1east _one silicon substrate in its entirety elther hori zontal |y
or verti cal Ih9 virginaeteRing spiufipie @f (i Wvenionet: %h|”??ge*§8'lnet§08ﬁ'°6f°ftt%'erﬁOté)rﬂ| on

or by conveyt Rebdibed, @Rbtair®Be TshétRNcSHPSTENR By RSRRNE aail Mltrl"toédui%tf@’id y
through 5the tank filled with the etching sol ution of the invention,

descri B@d, aplérar@x%tﬁr & theconpentigians eatrow fetae: Ths wrgmgtc@es sghution of rme the

second progRRAtGT ARy %Bntrameatﬁgéskt‘%ﬁe %Hdl’h&?al ANGLLE] %Bmpr@htaﬂko&?b?t it RNSar-
preferably one major surface of the substrate is etched for a tinme and at a

t enper at ur dcelaty prferrd tot 8 BB sinoASREL 41 consiRtsufine st BT egsestial
recesses a%em%ﬁérrtwb%ﬂ&sur%r @Js%hﬁahllyyor- Hagnﬁrfa*ﬂI.t%nﬁdmadoﬁncingpeanlp&%nﬂso

mnutes, nore preferably from1l to’7.5 mnutes and, nost preferably, from1l
to 5 mi nut €8ly inYPeepEHPBISY Cth"éSt'@@ ehimegnsdhple geniias pdditienal ﬁ@mparﬁ@ésm from

0 to 598, AR ENREI&T MRlrYimitk 'oPgBcidg. 40C and nost preferably fromO to 30C
Preferably, the surface texture obtained consists of a nultitude of pits

preferably having a depth in the range of fromO0.1 to 15 pm preferably 0.1
to 10 pm %9 course, when the etching solution of the invention is used in the method of the in-

vention, a certain concentration of hexafluorosilicic acid will establish, the hexafluoro-
silicic acid being produced by the texturing and partial dissolution of the silicon.

20
The etching solution of the invention contains, based on the complete weight of the

solution,

- 3 to 10% by weight of hydrofluoric acid;
25 - 10 to 35% by weight of nitric acid;

- 5 to 40% by weight of sulfuric acid; and

- 55 to 82% by weight of water.

It is particularly preferred that the molar ratio of hydrofluoric acid to nitric acid in the

30  said etching solution of the invention is from a 3:1 to 1:3.7.

More preferably, the etching solution of the invention contains, based on the complete

weight of the solution,

35 - 4 to 7% by weight of hydrofluoric acid;
- 12 to 22% by weight of nitric acid;



More preferably, the pits have a dianeter in the range of fromO0.1 to 15
pm preferably 0.1 to 10 pm Most particularly preferably, the pits have
a depth iwotba/o32ssge of from 0.1 to 15 pm 25pref erabl ypOrAkr@ob6s32pm and a
dianeter in the range of fromO0.1 to 15 pm preferably 0.1 to 10 pm Due to
t he etching solution, the nethod of the“?nventi on can be carried out
conparatively fast leading to | ess breakage of the wafers. 30 Therefore,

the etchi ng sohpté 0% aydvdidie oretlifeid aeid; & | nvention are particularly well
suited for the m?ng%;? ture of msghani cally stabl e devices which generate
electricity upShQhe”dNYEMO Waes ect r omagneti ¢ radiation in accordance
with the manufacturing nethod of the invention. In particular, the

el ectromagnetic radi ati on concerned is sglar 35light, and the devices are
phot ovol t ai'c’s Particylagly regfpgpd dhatitae majgh rafiq pf 63‘%’8@‘%&@?%&%%)“0@%%69”@2 The

manuf ackur isaid st@iRPsbi@fontditnd iRVailoh Ararh algis geriges, in particul ar sol ar
cells, of high efficiencies and a uniform appearance in exceptionally high

yields. . Exanples and Conparative Experinents 5 Exanple 1 and Conparative
Experi ment EG6A nwrl prefefalie th@@#&{ir‘é@ abluftsrodeiend MveRfonSedrsinEebdsed1éH et he
[

exanple 1, the virgin aqueous,am c etching solution ("solution 1")
consi st i ng c8MPleRABight Rt eold¥oy dr of | uoric acid; 18.6% by wei ght of
nitric acid; 18. 8% by wei ght of sulfuric acid; and 15 -62. 6% by
wei ght of water and havi_n% a nolar ratio of hydrofluoric acid to nitric
acid ofl01: 1 wa$ tedegby weight of hydiofdoricaihir at i ve experiment CEL, a virgin

aqueous acidi c1gtt(9m%gays,g§@tio@nit,§p&5pd;di ng 20to the Anerican patent US
7,192,885 B2 ("solution ") consisting of 11.54% by wei ght of

hydr of | uorrc adpde 19%dwsiotel gufurisfacidi 8rd ¢ aci d; and  58. 46% by wei ght of
wat er - 52 to 64% by weight of water.

15 It is particularly preferred that the molar ratio of hydrofluoric acid to nitric in the said

etching solution of the invention acid is from 1.4:1 to 1:1.4.

It is more particularly preferred that the molar ratio of hydrofluoric acid to nitric acid in
the etching solutions described hereinbefore is from 1.2:1 to 1:1.2, even more particu-

20 larly preferably from 1.1:1 to 1:1.1 and, most preferably, 1:1.

The preparation of the etching solution of the invention does not offer any particularities
but can be carried out by adding hydrofluoric acid, nitric acid and sulfuric acid in the
desired amounts to water. For this purpose, the customary and standard mixing proc-
25 esses and acid corrosion resistant mixing devices such as agitated vessels, in-line,
dissolvers, high shear impellers, ultrasonic mixers, homogenizer nozzles or counterflow
mixers can be used. Preferably, chemicals of high purity such as HF, HNOs, H>SO4

Selectipur™ or Seluris™ and deionized water are used.

30  The etching solution of the invention is most excellently suited for texturing the surface
surface of single crystal and polycrystal silicon substrates, in particular the wafers de-

scribed above, in accordance with the method of the invention.

In the first step of the method of the invention, at least one major surface and, prefera-
35 bly, the two major surfaces lying opposite to each other of the single crystal or poly-

crystal silicon substrate are contacted with the etching solution of the invention.



25 and having a nolar ratio of hydrofluoric acid to nitric acid of 1.21:1
was used. Two snall-scale productions of solar cells were carried out in a
st andar d woneiiosessst ri al nachi ne conprising a wet -t ext urcmgprddios3209
("I'nTex"), a diffusion furnace for n-tygf dop- 30 ing "Diffusion"), a

wet -etching station for renoving phosphorus silicate glass (PSG, a station
for applying an antireflective coating by plasma enhanced chem cal vapor
deposition ("PE-CVD'), and stations for screenprinting for applying the

il dth | | tact f t fast f
SLtarl i oot TR CngE eI fol FTeR BY gl e ehRGIcpA Ut i,

(herei naf t entireg) sieet insBLontdIT @1 vVepballp irag tam filRddi umgm )he etfihg solution of the
2011/ 032880PCT/ EP2010/ 063209 13 The resulti Bgtfm ers oﬁ:}éeac s ries

processed IMYEBIXLAPPEAVEYNG AL 8aFY Qe sikrensHaplate egggHip T‘OQZHBF‘ H'E?H‘gﬂ | cs

were deser mdeMk fillé® withIhe efehPlastutioR &f as Riveefbn! 8§ Webéribed, for ekambe, k  The
El ectrical Characteristics of the Salar Cells of Exanple 1 and of the

5Conpar at i e BRBRFANTRAENESL 7. 1RB 888 P2cel | s produced Uoc/ V | sc/ m cn®
FillingFactor FF/ % Effeciency Eff/% 1 1910 0.615 33.59 77. 22

In the second process step of the method of the invention, the at least one, preferably
one major surface of the substrate is etched for a time and at a temperature sufficient

10 to obtain the surface texture consisting of recesses and protrusions.

Preferably, the etching time is from 1 to 10 minutes, more preferably from 1 to 7.5 min-

utes and, most preferably, from 1 to 5 minutes.

15  Preferably, the etching temperature is in the range of from 0 to 50°C, more preferably,

from 0 to 40°C and most preferably from 0 to 30°C.

Preferably, the surface texture obtained consists of a multitude of pits preferably having
a depth in the range of from 0.1 to 15 um, preferably 0.1 to 10 pm.

20
More preferably, the pits have a diameter in the range of from 0.1 to 15 pm, preferably
0.1 to 10 um.

Most particularly preferably, the pits have a depth in the range of from 0.1 to 15 um,
25 preferably 0.1 to 10 um and a diameter in the range of from 0.1 to 15 um, preferably
0.1 to 10 um.

Due to the etching solution, the method of the invention can be carried out compara-
tively fast leading to less breakage of the wafers.

30
Therefore, the etching solution and the method of the invention are particularly well
suited for the manufacture of mechanically stable devices which generate electricity
upon the exposure to electromagnetic radiation in accordance with the manufacturing
method of the invention. In particular, the electromagnetic radiation concerned is solar

35 light, and the devices are photovoltaic cells or solar cells.



15.96 CE1 1874 0.614 33.53 77.11 15.87 The data of the Table 1 denonstrate
that the solar cells of the exanple 1 had a higher efficiency (0.1% than

t he sol arwoebiig3edsot he conparati ve experinent CE1l. 10 Eranmpeoid/ossrdy
Conpar ati ve Experinent CE2 Large-Scal e Production of Solar Cells 15For the
exanple 2, the exanple 1 was repeated ontfy that the nunber of solar cells
produced was by approxi mately two orders of magnitude higher. For the

conpar at i vahexpaiufasuringGhathot e tme)mpamt&ini wedemeﬁcémmbamameaarr efeabed
only that %Qﬁ(ggnber of sola@ cells Ero uced vas gy orders of magnitude
hi gher . RICIRSF NG UPE GPRAR aceo'at%cw gl n*E%h %‘P'déo 000 and nore

waf ers, |t was necessary to dose the conponents into the etching-baths. In
general , H’é [nal ?m)unts of _water needed to be dosed to the

et chi ng- batPemMPIes aRg ‘%ﬁqngwﬁéﬁpév@ﬁnﬁecessary to add any water at al
becausest he water included in the added acids was sufficient. Sulfuric acid
25 was dosed in concentrations _simlar to the concentrations in the initial
et chi ng- batEP@mpNi1?”%09@P6ra§YﬁjExﬁ"?’f'"Efé\19E€ul ar, hydrofluoric acid were dosed
in concentrations which were higher than in the initial etching-baths.

After proce55| ng about 100, 000 wafers, the etching-bath of the exanple 2
cont ai ned aKHSeERR @dé%'@frﬁ@f‘ﬁ'ﬁ? °B$°'ﬁ§/9?b'5fl uoric acid; 12.2% by wei ght of

nitric acid; 12.4% by weight of sulfuric acid; WO

2011/ 032880PCT/ EP2010/ 063209 14 . o
10 Inthe example 1, the virgin aqueous acidic etching solution ("solution 1") consisting of

- 6% by weight of hydrofluoric acid;

- 18.6% by weight of nitric acid;

- 18.8% by weight of sulfuric acid; and
15 - 62.6% by weight of water

and having a molar ratio of hydrofluoric acid to nitric acid of 1:1 was used.

In the comparative experiment CE1, a virgin aqueous acidic etching solution according
20 to the American patent US 7,192,885 B2 ("solution CE1") consisting of

- 11.54% by weight of hydrofluoric acid;
- 30% by weight of nitric acid; and
- 58.46% by weight of water

25

and having a molar ratio of hydrofluoric acid to nitric acid of 1.21:1 was used.

Two small-scale productions of solar cells were carried out in a standard line industrial
machine comprising a wet-texturing station ("InTex"), a diffusion furnace for n-type dop-

30 ing "Diffusion"), a wet-etching station for removing phosphorus silicate glass (PSG), a
station for applying an antireflective coating by plasma enhanced chemical vapor
deposition ("PE-CVD"), and stations for screenprinting for applying the silver mesh and
the electrical contacts, for the fast firing of the metallization, for the laser edge isolation
and for the classification (hereinafter collectively referred to as "Printing").

35



58. 2% by wei ght of water;

and

13% by wei ght of hexafluorosilicic acid, and
6. 5% by

the etching-bath of the conparative experinment CE2 contai ned about

wei ght ofwbydriaizkssori c aci d;
wei ght of water;

and 13.1% by wei ght of_hexafluorosilicic acid,

26% by wei ght of nitric aecder2&d0dfby
t he wei ght

per cent ages bei ng based on a conplete wé@ght of the respective

et chi ng- bat h.

cells prod

I n each case,

v EEbreahef

the hexafluorosilicic acid was generated by the
texturing and rédigtingawifedl of dasls ebrids Wwere Prodddedintd esmplaf it .celld, ang tasisumed,

S pre t _as hexaf |
ralitest B TeBledtooms !
are conpiled in the Table 2. Table 2: The El ectri cal
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Characteristics of the

ool & PATRR G, o B b ©

No. of cells Uoc/V Isc/mA/cm?2 Filling Factor Effeciency
produced FF/% Eff/%
1 1910 0.615 33.59 77.22 15.96
CE1 1874 0.614 33.53 7711 15.87

cid in the

The data of the Table 1 demonstrate that the solar cells of the example 1 had a higher
efficiency (0.1%) than the solar cells of the comparative experiment CE1.
10

Example 2 and Comparative Experiment CE2

Large-Scale Production of Solar Cells

15 For the example 2, the example 1 was repeated only that the number of solar cells

produced was by approximately two orders of magnitude higher.

For the comparative experiment CE2, the comparative experiment CE1 was repeated
only that the number of solar cells produced was by two orders of magnitude higher.
20
In order to achieve etching-bath lifetimes of 50,000 and more wafers, it was necessary
to dose the components into the etching-baths. In general, only small amounts of water
needed to be dosed to the etching-baths. It was often not even necessary to add any
water at all because the water included in the added acids was sufficient. Sulfuric acid
25 was dosed in concentrations similar to the concentrations in the initial etching-baths.
Nitric acid and, in particular, hydrofluoric acid were dosed in concentrations which were
higher than in the initial etching-baths. After processing about 100,000 wafers, the

etching-bath of the example 2 contained about

30 -
- 12.2% by weight of nitric acid;

4.2% by weight of hydrofluoric acid;

- 12.4% by weight of sulfuric acid;



15.8 CE2 100,777 0.615 33.51 76.31 15.7 The data of the Table 2 confirm
the results obtained in the exanple 1 and the conparative experinent CEL,
i.e., thewefhhimizessoy of the solar cells of the exanple Pcwar2diogbsnot han
the efficiency of the solar cells of thi conparati ve experinment CE2. After
each of the stations nentioned in the e ‘érrpl e 1, the breakage rates were
determ ned and corrected for breakage due to machine errors (e.g. splinters

on the printingsaoemweheighher wastbhg obtai ned fromthe exanple 2 are
conpared with b\%@ results ined fromthe conparative experinment CE2 in

bt .
the Table 3. RS B B PEBUSIR G 63200 15 | nTex: Ratel % bi ffusi on:
Rate /% PSG Rat e/ % PE-CVD:. Rate/ % Printing: Rate/ % Total :

and the etching-bath of the comparative experiment CE2 contained about

- 6.5% by weight of hydrofluoric acid;
- 26% by weight of nitric acid;
- 54.4% by weight of water; and
- 13.1% by weight of hexafluorosilicic acid,
10
the weight percentages being based on a complete weight of the respective etching-
bath. In each case, the hexafluorosilicic acid was generated by the texturing and the
partial dissolution of the silicon wafers. It is assumed, that all the dissolved silicon was
present as hexafluorosilicic acid in the etching-baths.
15
The electrical characteristics of the produced solar cells are compiled in the Table 2.
Table 2:  The Electrical Characteristics of the Solar Cells of the Example 2 and of the
Comparative Experiment CE2
20

No. of cells

produced

Uoc/V

Isc/ mA/cm?2

Filling Factor
FF/%

Effeciency
Eff/%

2

98,766

0.616

33.47

76.53

15.8

CE2

100,777

0.615

33.51

76.31

156.7

The data of the Table 2 confirm the results obtained in the example 1 and the compara-
tive experiment CE1, i.e., the efficiency of the solar cells of the example 2 was higher
than the efficiency of the solar cells of the comparative experiment CE2.

25
After each of the stations mentioned in the example 1, the breakage rates were deter-
mined and corrected for breakage due to machine errors (e.g. splinters on the printing
sieve). The results obtained from the example 2 are compared with the results obtained
from the comparative experiment CE2 in the Table 3.

30
Table 3: The Breakage Rates of Wafers of the Example 2 and of the Comparative

Experiment CE2



Rate/ % 2 0.189 0.059 0.028 0.092 0.304 0.672 CE2 0.306 0.085 0.024 0.137

0. 315 0.867 The conparison of the breakage rates in the Table 3
denonst r aveotistsshhe manuf act uri ng process of the exanpce/E22010063200 a

consi derably | ower breakage rate. 16 V% Claim 1. An aqueous acidic etching
solution suitable for texturing the sur Ace of single crysta
and polycrystal silicon substrates, the said solution containing, based on
5the conpl ete weight of the solution, 3 to 10% by wei ght of hydrofluoric

aci d; InTex: Diffusion: PSG: PE-CVD: Printing: Total:
Rate/% Rate /% Rate/% Rate/% Rate/% Rate/%

2 0.189 0.059 0.028 0.092 0.304 0.672

CE2 0.306 0.085 0.024 0.137 0.315 0.867

The comparison of the breakage rates in the Table 3 demonstrates that the manufac-

turing process of the example 2 led to a considerably lower breakage rate.




10 to 35% by weight of nitric acid,; 5 to 40% by wei ght of
sul furic acid; and 10- 55 to 82% by wei ght of water. 2. The aqueous acidic

et chi ng swbubi32eh claim 1, characterized in that it ceotrapdsobased on
the conpl ete weight of the solution, 15-4 to 7% by wei ght of hydrofluoric
acid; 12 to 22%by weight of nitric aggd, 12 to 20% by weight of sulfuric
acid; and 51 to 72% by wei ght of water. 203. The aqueous aci di c etching

sol ution oVed&lainm 1 or 2, characterized in that it con- tains, based on the
conpl ete weight of the solution, 5 to 7% by wei ght of hydrofluoric acid;
16 to 22% by weight of nitric acid;, 25-15 to 19% by wei ght of sulfuric
acid; and 1. An aqueous ERli¢ @tom%mutmmyﬂableffowmring 4herherfmu@fcﬂj@glaci dic

etching solutio I

hydrof | uoric aci 'Y %I a%d o@c@séaﬁ!%@ﬁl ?)r%fég @tha[bagoiﬁ@%ﬂﬂkg{%d %%lhe aqueous
aci di ¢c Set chi ng tb@lcaltnpk@te wéigot cfitme QQIutuimar acterized in that the nolar ratio
of hydrofluoric acid to nitric acidis from1.84:1to 1:1 .75. 6. The

aqueous acidic etching solution of claim3, characterized in that the nolar
35rati o of hydrof |Utorti0¢ by ivdighbofihydrafloogecaad;i s from 1.4:1 to 1:1.4. WO

2011/ 032880PCT/ EPZI%JTQ %@3&9\%@% of nitric acid;
- 510 40% by weight of sulfuric acid; and
10 - 5510 82% by weight of water.

2. The aqueous acidic etching solution of claim 1, characterized in that it contains,

based on the complete weight of the solution,

15 - 4to 7% by weight of hydrofluoric acid;
- 12 to 22% by weight of nitric acid;
- 1210 20% by weight of sulfuric acid; and
- 51to 72% by weight of water.

20 3. The aqueous acidic etching solution of claim 1 or 2, characterized in that it con-

tains, based on the complete weight of the solution,

- 510 7% by weight of hydrofluoric acid;
- 16 to 22% by weight of nitric acid;

25 - 1510 19% by weight of sulfuric acid; and
- 52 to 64% by weight of water.

4. The aqueous acidic etching solution of claim 1, characterized in that the molar
ratio of hydrofluoric acid to nitric acid is from a 3:1 to 1:3.7.
30
5. The aqueous acidic etching solution of claim 2, characterized in that the molar

ratio of hydrofluoric acid to nitric acid is from 1.84:1 to 1:1 .75.

6. The aqueous acidic etching solution of claim 3, characterized in that the molar

35 ratio of hydrofluoric acid to nitric acid is from 1.4:1 to 1:1.4.



7. The aqueous acidic etching solution of of anyone of the clains 1 to 6,
charac- terized in that the nolar ratio of hydrofluoric acid to nitric acid
is from Wwd2b1ti328801. 2. 5 8. The aqueous aci di ¢ et chi ngpselaréoneb anyone
of the claims 1 to 7, character- ized igsthat it contains hexafluorosilicic
acid. 9. A nethod for texturing the surface of single crystal and

pol ycrystal silicon sub- 10strates conprising the steps of (1l)contacting at
| east one mmj or surface of a single crystal or polycrystal silicon

substrate with i 0+ Gni ¥ i iDL, n the
conpl ete V\g'ght arg]fe tEegg%Fﬁtﬁﬂlcggrﬁ(?mr%g@gﬁq}o%;gn\ygﬁ%Efm%?dlﬂ@ggotﬂ%a%ﬁ??%aci d;
10 to 35% by weitgtireddf thattthe enclayirgtio ofhydrollawickacidiel mitic astd isurdnuiZ! &i d;
and 55 to 82% by,veight of water; (2)etching the at |east one ngjor
surface of a si ng1'e' crystal or polycrystal sili- con substrate for a tine
and at @ tenperature sufficient to obtain a surface texture consisting of

recesses. anl P o a05: 180 ASFH LR S%rhB6e B el ot FRllachy ! ace

of the single crysta I con”subs romt cont act
wi t h t he aqueouszeacindhat itetootiinsghexefluarosiivic d€d.The nmet hod of claim 9,
characterized in that it contains, based on the conplete weight of the
solution, 30 4 to 7% by weight of hydrofluoric acid; 12 to 22% by wei ght
of nitric &cid; A f@thod R0%xhyingdihebtrfaske o sifgle crystatam] palpctystslisilicon2®6 by

wei ght 16f wat er "strates comprising the steps of

&) contacting at least one major surface of a single crystal or polycrystal
silicon substrate with an aqueous acidic etching solution containing,
based on the complete weight of the solution,

15
- 3 to 10% by weight of hydrofluoric acid;
- 10 to 35% by weight of nitric acid;
- 51t040% by weight of sulfuric acid; and
- 55to 82% by weight of water;
20
(2) etching the at least one major surface of a single crystal or polycrystal sili-
con substrate for a time and at a temperature sufficient to obtain a surface

texture consisting of recesses and protrusions; and

25 (3) removing the at least one major surface of the single crystal or polycrystal

silicon substrate from the contact with the aqueous acidic etching solution.

10. The method of claim 9, characterized in that it contains, based on the complete

weight of the solution,
30

4 to 7% by weight of hydrofluoric acid;
12 to 22% by weight of nitric acid;
12 to 20% by weight of sulfuric acid; and

51 to 72% by weight of water.
35



WO 2011/ 032880PCT/ EP2010/ 063209 18 11. The nethod of claim9 or 10,
characterized in that it contains, based on the conplete weight of the

sol uti on,wo20tm37$wby wei ght of hydrofluoric acid; 16 tord@%iopesned ght of
nitric acid; 5-15 to 19% by wei ght of s*%furic acid; and 52 to 64% by

wei ght of water. 12.The nethod of claim®, characterized in that the nolar
ratio of hydrofluoric acid to nitric acidis froma 3:1to 1:3.7. 10 13.
The et hod 1af clTakeméBod ofataratEbr 2edcharadtbrddedt ihehatit abntams] basEd on the
hydr of | uoric acid tf ”itrhf-ﬁﬁid iP from1.84:1 to 1:1 .75. 14. The net hod
of claim 11, ch&PEPES 5@l eMine AP e nolar ratio of hydrofluoric acid
15to nitric acid i$tbremmylwéight sfoydiotiudric ddd; The nmethod of anyone of the

claims 9 to 11, characterized i hat the nolar ratio of hydrofluoric acid
to nitric acid i's 3?6%%?@5»@”@@ﬂfﬁ 3523%516.The met hod of anyone of the

clains § to 15, -chapaste%itgamkight of Baturicheidaghg@ous aci di c etching sol ution
cont ai ns hexaf | uoroii I i%;c aci.d. %7. The nmet hod of anyone other clains 9 to
16, characterizéed PA @ Rat YHEONS ¥Bifsi te maj or surfaces of the single
crystal or polycrystal silicon substrate are con-25tacted with the aqueous
acidic etchi.ng lution in the process ste 1). 18 The thod of claim
17, charact'ériz g‘eirﬂetf‘%f’f IRl Romemder|zed é’? ?%&%f\?d’f‘%'ar ﬁ\}'ocﬂggkﬁ”ﬁ Urige2cid ngl e
crystal or pol yes ysicddci®islfica®n 3sulstzate entirely into the aqueous acidic
etchinqgsolution in the process step (1). 30 19. The nethod of anyone ot her

cl ai s to 18, characterized in that the at | east one major surface of the

single crysial aqhepdthied ¥Sdia 1), ch&abtefERShtRdtehd Mok ¢RI hdrofludr s
mnutes at a tenperature of fromO to 50C in the process step (2). WO

2011/ 032880PCT/ EpRiiicadibisipon 1.84:1 10 1:1.75.

14. The method of claim 11, characterized in that the molar ratio of hydrofluoric acid
15 to nitric acid is from 1.4:1 to 1:1.4.

15. The method of anyone of the claims 9 to 11, characterized in that the molar

ratio of hydrofluoric acid to nitric acid is from 1.2:1 to 1:1.2.

20 16. The method of anyone of the claims 9 to 15, characterized in that the aqueous

acidic etching solution contains hexafluorosilicic acid.

17. The method of anyone other claims 9 to 16, characterized in that the two oppo-
site major surfaces of the single crystal or polycrystal silicon substrate are con-

25 tacted with the aqueous acidic etching solution in the process step (1).

18. The method of claim 17, characterized in that the contact is effectuated by dip-
ping the single crystal or polycrystal silicon substrate entirely into the aqueous
acidic etching solution in the process step (1).
30
19. The method of anyone other claims 9 to 18, characterized in that the at least
one major surface of the single crystal or polycrystal silicon substrate is etched

for 1 to 10 minutes at a temperature of from 0 to 50°C in the process step (2).

35 20. The method of anyone of the claims 9 to 19, characterized in that the surface

texture obtained in the process step (2) consists of a multitude of pits having a



19 depth in the range of fromO0.1 to 15 pmand a dianeter in the range of
from0.1 to 15 pm The net hod of anyone of the clains 18 to 19,

char act erwoedii/0328shat the single crystal polycrystal silpccarenwhsioate is
entirely renoved fromthe aqueous acidic etching solution in the process
step (3). A nethod for manufacturing dev¥9ces generating electricity upon
the exposure to el ectronagnetic radiation, characterized in that the

aqueous acidic i SQl Ut i di t : f i to 8
and the method £spiahE At P RaREFIEIS P Rt I b fadb g o Dt a
silicon substrat@e$5ascording to anyone of the clains 9 to 21 are used. The
met hod of ¢J.ai m22, characterized. . n that e .devices are phpt.avol taic

ol I's and 241 ar & mENB AELRARSE e ot 1638 18r B BB R SR ha

t he el ect r omagnetystal palycabiadsilica sdistatelis ghtirely removed from the aqueous acidic

5 etching solution in the process step (3).

22. A method for manufacturing devices generating electricity upon the exposure to
electromagnetic radiation, characterized in that the aqueous acidic etching solu-
tion according to anyone of the claims 1 to 8 and the method for texturing the

10 surface of single crystal and polycrystal silicon substrates according to anyone

of the claims 9 to 21 are used.

23. The method of claim 22, characterized in that the devices are photovoltaic cells
and solar cells.
15
24. The method of claim 22 or 23, characterized in that the electromagnetic radia-

tion is solar light.



