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- 1 Process for cleaning, drying and hydrophilizing a
sem conductor wafer 5 The invention relates to a
process for cleaning, drying and sinultaneously
hydrophi li zing a sem conductor wafer, the drying
taking place with rotati of df the sem conductor wafer.

10 Sems GRIaLUCtr WAIRnS nl)i @iySiSly/ frd RPN Bfing a
substrates for the producti on of “m croelectronic
conponents, usual |y SMEEORRFIS WaESF | eaned by

wet - chem cal processes after polishing, coating (for
exanpl e by epitaxial deposition) or thernmal treatnent
15 steps ("annealing") or before high-tenperature

pr ogessnvehepsn Hagadie® afo ¢l gaidygsd stdOrcleaning, drying
cont ninatioPS of thﬁ s$g%fongﬁéégr waf ers, for, duct
exaRfl e ST MRTEPYS EYich MEIr R Z19Y9 wi £h oP gRhTRIAUCHOT
suhatfancesthandirglisg paskingepladhewing tootdei waf ef the
surface ved as 20 conpletely as possible

t
siﬁ@@lggpggggﬁfgﬁgﬁgfrons lead to problems during the

subsequent production of conponents, for exanple to an

in 0 ro 0 gat e .oxi de t n
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A subbéragespr otesseshieor rredntngomnd odryimgcroelectronic

sem r re in rio re.;

Uesr 305 sl BecatafyrsSiTtin uplerl) ! CarBl Cleapse oY
30waafehemiralsedreoapses el3fien o ke latinonmpersitagoa (for
hy flor | b i drqfduogi-c | IS
sI%&Fggaftﬁ%fa&ggfégggghgﬂ%g?%g%ﬁ%g aﬁko;%%gg%ghtgf%?ﬁgent
at BbSpher € anmialoizghe fPBnPeRerst M RE Bxlgl KResPapcess

t herlbgui dngurfiace and ddiisd educesr then sahisei b88SbeNthe
35 thereof, which nmakes it easier for the liquid to
f1 §ROIGRAGUCLER tHf et er Tetr PAGEP & YhED sEREalsnesuch as

t heoppafrerosukl age dryaeicdi 2@k byn Ede, 0aaae-L£IdY apAkbBcles
adhering to the wafer surface, to be removed as
completely as possible since said contaminations lead
to problems during the subsequent production of
components, for example to an inhomogeneous growth of
gate oxides or to an inhomogeneous deposition of the

polysilicon gates.

A  number of processes for <cleaning and drying

semiconductor wafers are known in the prior art:

US5714203 discloses a process in which a semiconductor
wafer immersed completely into a bath comprising a
hydrogen flucride sclution (hydrofluoric acid) is
slowly withdrawn from the bath into an ozone-containing
atmosphere. The ozone from the atmosphere dissolves at
the liquid surface and thus reduces the surface tension
thereof, which makes it easier for the liquid to flow
away from the wafer surface. At the same time, the
wafer surface 1is oxidized by the ozone-containing
atmosphere. The wafer is therefore hydrophilic after
drying. It was established in US6451124 that the
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at nosphere. The wafer is therefore hydrophilic after
drying. It was established in US6451124 that the 2

sem conductor wafer is permtted to be withdrawn from

the hydrofluoric acid at a speed of only 0.01 to 15 mm
per second, and preferably 0.01 to 0.5 nm per second,

in order actually to achieve a dry wafer surface. G ven

5 a wafer dianmeter of 300 mm and a speed of 0.5 mm per
segentcohblstpirocedigre atope riggiiedest dObai nuttedsirakre from

ot EPWPYBESRIHAYEE Ot Yhel e ePPeart Sbeortss Grlpie 15 mn
sopealbe@ohwatanmmrpséfetébEgrCB@HE‘yEaBSS mm per second,
| ndpvidyal - %%E%%gﬁgﬁg% QQ%&ﬁR&%%§Q§§£qy§TeP §Qr PEED Given

i nCreasingl m conduc or waf e
i sacauded td)larmeme papiddily raboand iat sspeedrefadi-o am’@l per

: . ly . q
| RELgRly Y L DRl 005 e S dPre DEOT S, (The

apphied tmutslte et atiig Berdondiicter piterogedities are
aCS@hé?ﬁ&%@ t&M@é9§e&h%ned@%a°%éE%%'“@u?f?F e example

centri force, such that the |iquids ow away
outRards 1afd "Wermramag&séral |y whol e-area thin film on

20 the wafer surface. During subsequent drying wth
further rotation of the senm conductor wafer, for

exERBI Wt Y S8 i odua VaphRT (elepn Y | BERFBPARSI ave

that spedugeert he 1%11‘@;:5% frg,/sl orergf1d ey} i qui gl fld.,mch a
the liquid filmconpletely flows away afterwards.

25
Pr SEBSSERTHE R VA RT AF e SRS bl FAtate rapidly about
Usm@%@m&%l@edlsa%ﬁawomﬂgwy drslinédual tnabe or more

o AP 00E52es O e P e ol OETed bV
us%hycﬂrlojdml gracizhps eal ctt@anheg rddairdy i Beﬁﬁlchnductor
R SRR, R S S

the centrifugal force, such that the lquldS flow away

outwards and form a generally whole-area thin film on
the wafer surface. During subsequent drying with
further rotation of the semiconductor wafer, for
example with addition of a vapour (e.g. of isopropanol)
that reduces the surface tension of the liquid film,
the 1liquid film completely flows away afterwards.

Processes of this type are described in

Us2004/0103915a1 and EP0905747Al. Individual-wafer

cleaning processes of this type are distinguished by a

lower consumption of chemicals.

It is also known to use hydrofluoric acid as a cleaning
liquid in such devices. Thus, US6869487B1 describes a
process in which a semiconductor wafer is cleaned with
a liquid with rapid rotation, the liquid containing
dissolved ozone which was either dissolved previously
in the liquid or originates from an ozone-containing
process atmosphere. A  hydrophilic surface <can be
achieved by ozone furthermore being added to the
process atmosphere after the supply of liquid has
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aliquid with rapid rotation, the |liquid containing

di ssol ved ozone which was either dissolved previously

35 in the liquid or originates froman ozone-contai ni ng
process atnosphere. A hydrophisli.c surface can be

achi eved by ozone furthernore being added to the

process atnosphere after the supply of liquid has 3

al ready been stopped. However, care should be taken to
enslreatihabeanclsazgghdd .quicvdvem | saséwalisupriedenttaien to
the wafer ,surface as_long.as.it d.s in contact wth
oz%ﬂgpr?hé:% écm%o%‘gﬁ%?‘grg\?ﬁf‘lép ifsl %bls%qﬁtéﬁg&ﬁ rplrnesseedl% on
W thedeiafez edundbere amsl doined. aFhe tdr ysngin s cefftecttedwith
for_exanple by nLri dr yi 1t h it f .
is%%gggano ‘%a%%ﬁ%& +§H%§érbééh on%%,S%%%SVU%Qt?ﬁ%trlnsed
t heitbndenpnitiedn wefterl Candedpaedi clbs, drotialgs landeffected
or iC I nant : urf f tk .
cenlRonciianole, ai; Sl VAR, WIRE pdpitign of
neédoptopapprdvEapAlr - Therefore, the object was to

provi de a cleaning and dryi ng nmethod which overcones

t hese di sadvantages. 15 Said object is achieved by

medfs hefs oercéssnfler hagieygii ngthalf ythg &fcentration of

hydr@phid itZidg & SgEt §P8dUGHOTor Y £5 - c6ATRRiBRAG st ¥h the
followng steps in the order stated: 20 a) treatin

théu§éﬁpeoﬁéu§b@r SRALSONRUIT OoF Wod @i et Jsrblﬁ}t%?-%nway
CO?E?!S“&HU%W?H@Q@@ bk ;J%’p@ayehetat .FmetQ@M,QrtNi\@r 8bject
rotating about jts centre axis a east .occasiopally, .
antaB) BPyi P THRS sc CHRRTCEGr  RRfer SBy iRt abFEROGH Which
t heve2aomeri eaaductokan@bearagbeyt its centre axis at a
rotational speed of 1000 to 5000 revolutions per mnute

i n an ozone-contai ni ng at nosphere, the |Iiquid aqueous
sobuatidonolspatai nisng apydreogen bluanesates f [ofv g awayelssomior

cleaning, drying and hydrophilizing a semiconductor
wafer, comprising the following steps in the order
stated:

a) treating the semiconducter wafer with a liquid
aqueous solution containing hydrogen fluoride, the
semiconductor wafer rotating about its centre axis at
least occasionally, and

b) drying the semiconductor wafer by rotation of the
semiconductor wafer about its centre axis at a
rotational speed of 1000 to 5000 revolutions per minute
in an ozone-ccntaining atmosphere, the liquid aqueous
solution containing hydrogen fluoride flowing away from
the semiconductor wafer on account of the centrifugal
force generated by the rotation and the surface of the

semiconductor wafer being hydrophilized by czone.

The invention consists in drying a semiconductor wafer,
covered with an HF-containing cleaning scluticn, in an
czone-containing gas atmosphere with rotation of the
semiconductor wafer, Drying and surface
hydrophilization take place in a single process step.

The process is suitable in particular for application
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t he sem conductor wafer on account of the centrifugal

30 force generated by the rotation and the surface of

the sem conductor wafer being hydrophilized by ozone.

The invention consists in dryigng a sem conductor wafer,
covered with an HF-contai ni ng cI eaning solution, in an

35 ozone-containing gas atnosphere with rotation of the
sem conductor wafer. Drying and surface

hydlnophi hhﬂatfildﬁaﬂ_aklefp|ra©€eialfhlalgsid@l&:ﬁ)rslﬂﬁssa$tE$‘J known

I
T hEaR BRERDL o r i P R R S & L e 72 { fotflom
fospenanﬂpﬁ}arfg operSé@@éBOlOﬂ&lSA&e Icrf cantsegstr ate knbmeing
Sp' Qd%kﬁ' ”% Bro‘&%i%ﬁige %a%%‘% ° rﬁaa[r?ltce £6ﬂfér‘i‘@s such

oni'sé sol v S Suc
5 as uan:mnm?amﬂl aaeedlcﬁmamﬁdm whthlt THashageesiiowphown

that, Eh‘% G r]:sir{Ethrifléﬂ b&%‘gﬁg%ﬁﬁs%‘@t Ghebbat Hat 1 rfsﬂukéﬁglred

I n accor ance W aln I nCreases
cohBendfacrganct twuethar?fedel4B8nBlnedaiine increases the

COEBQHEEQE%ﬁleﬂ the, paf e hgur f 3¢ @@@1e§nre%ﬁﬁf | Rafs11ic

ormati on of so-called "water mar ks’
VﬁF@PﬁﬁWk@anééc@ﬂ|Wh9|%%f%@ ﬁHFéﬁC?sﬁﬂﬁrrmﬁﬁﬁRﬁ?rr leads

coppl et Yr &ht 184 f 9F Mok~ chut eatiert & 0B NS At W8OP8Bmarks
| ocations on the sem conductor wafer. These residues

t heACHFy i BANSHAGoMAtAY edls midter FeMaveRi sampleted)y and

t hgneeBkaTyNanE L% tHELs e dmd Thd hetr isBRieNd dkaltelons on the
deposi .t on fhe senmiconductor wafer and form

"mﬁ?@ﬂﬁﬁp§§0t°Fn WREREt cul BRI 15T UG Dxitde t fddesiBr an

whiighoateoldessabyied ri.n Inhe it elas«deposi tsh@Scontaminants
particu cont nation. Therefore, the rinsi ng step

I
Wi PRESEPEr 2001 s dSperodip W% h ABAETdi GRS Sihe. on | the
I ngentconduevet tlwalf@hr saiathd i nsfioxgn st epvaesrmeskst bed In
art,, At the same

as necess the [ ne,, .t he
S pRcesehiel, aitig Tt el pRYHR. ot e merbs T £
posl$'rslsbévtad dlsrpenstfhe vv| vhterganidemmsipouindsssuchaasicular

iSSBBQB%EREt@%thf%é?ékore, the rinsing step with water
is dispensed with according to the invention, even
though said rinsing step was described as necessary in
the prior art. At the same time, the process according
to the invention also makes it possibkble to dispense
with organic compounds such as isopropanol which again

lead to organic contamination after cleaning.

A further advantage 1is the saving of the process
chemicals deionised water and isopropanol. In
particular, costs for the environmentally compatible
disposal of organic waste are avoided. Moreover, the
precess according to the invention entails a
significant shortening of the ©process duration in
comparison with a conventional three-stage process

comprising hydrophilizing, rinsing and drying.

Unlike the HF-ozone dryer known from US5714203, the
process according to the invention 1is not a bath

process, but rather an individual-wafer process 1in
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25 lead to organic contamnation after cleaning. A
further advantage is the saving of the process

chem cal s dei oni sed water and isopropanol. In

particular, costs for the envicronnental ly conpatible 30

di sposal of organic waste are avoi ded. Mdreover, the
process according to the invention entails a

significant shortening of the process duration in
com?ﬁthsowhw tor - NV eiifeindral] st haee- saagermboceas on the

dr.ophi | | nsi and dryl 3
OnFPkeEHRE AERGEBRSRRE vkt BT oRRaas 03t dast one
processcaccdndiang tgpehe a)f}vem.rlo@msss nmmpaeinahlnatlon is
proc t her. _an |nd|V|du waf. er
mm?%ﬁ§?%%9¥r88% ﬁ%a 8910&%%%%% %t??%uﬁé %%% an be
roiate@gased1a@mduciomuhaietagy aemn§1GMamrMaﬁﬁﬂ c&&ﬁning

g%ééﬁ%ﬁa&@' éljcP{pﬁlREmBioﬁSﬁﬁltLﬁg' gH‘ETBg“ on is

advant ageous si nce Fyi ng process can be
5 integrated into a nultistage individual -wafer
cl eaning sequence with m ninmal handling outlay. Step
a) 10 In step a) of the process according to the
i nNfedPi ®h, the wafer surface is treated with a liquid
aqueous solution containing hydrogen fluoride
(hydrofluoric acid). Preferably, the solution is
appi 68EPf ) eREnphe B OGRS A CORL BN héOs dlicc ohvieR bion

waf gE LM Q9N RNE Qe HBI €L POZELES W € al heiquid 2queous
sem conductor wafer is caused to rotate by neans

hoFBFHEIGQV|€8ntﬂén&nﬁesﬁﬁ¢QHQQQuaf%ﬂﬂﬁ%@?ugémy@ﬁ?gkuorlc

thgchiyqui drtlfewshavay toet wads iand id raptpmlseccaSﬁof OERBmple
athin filmon thﬁasurface of the 20 s n1co€guct

waPBF2Yste I oRBGCtTMVRIMUG LT gHALFEI | ]ﬁ%‘&%lﬁedme or
hombzenhakkYebknwhitl ahsasdniaioriductean wefdmwtipd echused to

abgg%agevg§thggk8aé%sa E%ﬁ&fn ui é%fgé% As a result of the
centrifugal force, the ligquid flows away outwards and
in this case forms a thin film on the surface of the
semiconductor wafer. The  semiconductor wafer 1is
generally mounted horizontally in such a way that it
can be rotated about a vertical axis. The liquids are
fed to 1t generally from above and, if appropriate,

simultaneously from below.

The concentration of the hydrogen fluoride in the
liquid aqueous solution is preferably 0.001 to 50 per
cent by weight, particularly preferably 0.01 to 2 per
cent by weight. At an HF concentration of less
than 0.001% complete dissolution of the oxide layer on
the semiconductor wafer is no longer ensured. Highly
concentrated Thydrofluoric acid 1is very corrosive;
therefore, according to the invention, a concentration
of not more than 50% and preferably of not more than 2%
is used. Optiocnally, other cleaning chemicals such as
hydrogen chloride may also be present in the solution.

Hydrogen chloride together with metal cations forms
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fed to it generally fromabove and, if appropriate,

si mul taneously from bel ow. 25 The concentration of the
hydrogen fluoride in the |iquid aqueous solution is
preferably 0.001 to 50 per _cgnt by weight,

particularly preferably 0.01 to 2 per cent by weight.

At an HF concentration of | ess 30 than 0.001% conpl ete

di ssolution of the oxide |ayer on the sem conductor
mafemdikywusdknﬁkﬂ engyled Hogpbyndeonekinthatzde removed

hydr L ‘91?%691;1% Sh}/}(?{‘é/%gﬁ)rff&ﬁlfd 5 fﬁ?ISBe

d ng to concentra of not
nnre t han 50% and preferably of not nore than 2% 35 is

used. 1@&}91{9 Fb%mBEQeE LEANLIGENRT GRleS sHK q{:ﬁlqjc’h before

hydr ogen C SO be present in the ution.
Hydite og@nf@ﬁl 6Pi daet @gétlﬁ@mdxlospfcl@rneftaélercatTf@qscqrm&ftt ratgion

r eggi |t¥1eSQ£%{?rlu§ gewratexlggggoqu Wy eh awe 56%\5@%, the

toget her w | uori de” sol uti on.
al %be&s&weéfte@tad@f 0£Bfe %‘bl‘#thJeO%ollétﬂd?PIEfé#%?% anu tthe

| Sshefato tbRsS6M £ONEHET PiﬁM@(ﬁehlﬁhEs ceaggakaation
of the ozone is at least 0O ng/1. As a result, the

cleaning effect of the solution is increased and the

susfage a ensdonpef ddheilddubek f fbm lekdngduceda £Q eSheproom
can be carried out for exangge in clean room air

a) or
AnbF 9P PRGFE aPno8fhér & LERSRDES e SPChids Gy, nitrogen.
Homewever|t iits ﬂéS@l@@SSpdlzlﬁhlei ﬁ@@neazairfeea@iyré@dpeto be

P Rat e AecARTPRARGE S04 SEPEAR)as COBFIS2 T M LoraoLy

Insdﬁpste@ an hheogasnabueagnpreteeablyscoatainslﬁtmme. In
by wei ght of

#0%R el "By e P R et P BRER 0T, it per
at oesphéve woiglat ne fozmame t hEhgt rr&arigaat t éromi ésotcveQOi nper
bt LETRRe RSSSERA Y ol e RS e
oxatihgeghere contains ozone, then the latter dissolves in
the liquid film and passes by diffusion to the surface
of the semiconductor wafer, which is thereby oxidized.
The ozone-containing atmosphere can be used as an
alternative to the ozone-containing sclution or in
addition. A solution containing ozone and HF is able to
etch the semiconductor wafer by continual dissolution
and reformation of an oxide layer. This facilitates the
removal of particles and is advantageous if a thicker
surface layer is to be removed. At the same time, the
reductive deposition of metals on the semiconductor
surface 1is prevented 1in the presence of a strong
oxidizing agent such as ozone. A cleaning solution
which contains only hydrogen fluocride and no oxidizing
agent selectively removes only the thin oxide layer on
the wafer surface and does not have an etching effect
for elemental silicon. This 1is advantageocus for
semiconductor wafers having stringent requirements made

of the surface roughness.
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The ozone-contai ni ng at nosphere can be used as an
alternative to the ozone-containing solution or in
addition. A solution containing ozone and HF is able to
etch the sem conductor wafer By_continual dissolution
25 and reformation of an oxide layer. This facilitates
the renoval of particles and is advantageous if a
thicker surface layer is to be renoved. At the sane
tigeeptihe reductive deposition of netals on the

sem conductor surface is prevented in the presence of
a strong 30 oxidizing agent such as ozone. A cleaning
sohuttloa emdi ofi strpaians ahley suydregem I 1oy | Senwboohdiector

Xwgfé#”gisag&% e?ée @'%’}?' Y5 I GI{DMES é/o&Qe fﬂ%&id film
oxl de"Tayer on ef surface an 0es not ve an
etc@mhglﬂim@cthyﬁmpgeheméﬁuﬂrxdd|c@nd Thiig | sappropriate,

ous, Se nd f n -
e e
- <7zon@t ebccprmnghé0eﬁheofln§ﬁ@;§l@p, tthe swamicRiEc it 1ore of
r Wi At h ou
I|qU|d 3H§&ﬂgé12%%§gf%?ﬁ %5 Fg8e€'2?§3%|ggugﬁﬁ% Folution

apphdphi e, s¥iHatrRd ebnpbRerRWLae ekabee w@*%@t&uctor

chi,9fkHe a0k e r0ZaNg, ACCOEdRg (chdifed W@Pét@nstbﬁe O?
concentration of "the hydrogen fluoride in the |

agp@bbiscebiiit i §he WIS Erat et oh Lhe NSt frazlcrés with

t h@a s §9ngﬂﬁé9rliQu%@EeBe%E@rd§z§ﬁga) i's not changed
before step b) ; in particular e Sem conduct or

wafer is not rinsed wwth water or other |iquids before
dr xh n@zoﬁré—@mrtmelqrmtgai i 1gmPRs uirextilreed | @M@ohbhOltgfé gas

the 5 spa e above the seni conduct or fer ep
b) SP ﬁé?ve arrpie ' Tk xtlr é ﬁ’ Gx;]{fé way

(02¥ éﬁaﬂpile | oatsed. irfOroneiksupeelverablogsppl (®d idr aair
cont I nuog{s as stream a
10

03/
contentrii SIS e  BsR3AE Hot s P ibeed  FBaf | FoRE bpuous

b)gas prefearmabiy H3/0; mlxture The concentration of the
ozone in said gas stream 1in step b) 1is preferably 5
to 35 per cent by weight, particularly preferably 5
to 20 per cent by weight. At this ozone concentration,
on the one hand a complete hydrophilization of the
wafer surface i1is ensured and, on the other hand, the
surface tension of the 1liquid film is reduced by
dissolved ozone sufficiently to obtain entirely

satisfactory drying.

The ozone from the atmosphere partly dissolves in the
ligquid film and reduces the surface tension of the
liquid. The semiconductor wafer 1is rotated rapidly,
whereby the liquid film flows away under the action of
centrifugal forces. The rotational speed should be
chosen to be high enough for the 1liguid to be
centrifuged away fully from the wafer surface. This can
be achieved by means of a rotational speed of 1000
to 5000 revolutions per minute, preferably of 2000
to 3000 revolutions per minute. It 1is only 1f these
rotational speeds are complied with that the rinsing
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20 to 35 per cent by weight, particularly preferably 5
to 20 per cent by weight. At this ozone concentration,
on the one hand a conpl ete hydrophilization of the
waf er surface is ensured and, gon the other hand, the
surface tension of the liquid filmis reduced by 25

di ssol ved ozone sufficiently to obtain entirely
satisfactory drying. The ozone fromthe atnosphere
paritly diaxsal vebatn ithenekegsiadyfilm andtorethices wheéh the
surfac t ensj f th 30_Liqu The sem conduct or
welf er IS'_;‘s fgta?gdg o %?engﬁﬂegegg the liquid filmflows
away under the actlon of centrifugal forces. The

ed_sho e. os ' e
fgi;ﬁ% h%@lﬂ% to§be&%§é{t h gge \AI%? PF%BFr %rably
W@@;mr@a‘cb. tirthi endanf35hie laghiicy sdtppy yneansstofp a2} and
rof ahh PP e SREE 0w1%9 O%héo %%d%§ °|Pﬁ'oﬂﬁepefotatlonal

m nut e, prerera revol utions per
misReed Pt |t§l%n$§'ml¢301tlﬁ‘é§’éorr ve4eironalt spéedd sqr gpossible

coppl had Wzbhet Nalktdrhe £ ’@ﬁé NghicRne¥bt B ey ltll'lfthd Sfilm
necessary i n accordance with the prl or art can

di Bpensddafidvh. baar aeduciesh kay a@@ner@frﬁ%ym@vga@nt For

sp@@rﬁppé@éeaael Mn1§o?ﬁgk€ﬁ10%tlhotthh%nq uitdle Hdwbhdlr, it
upply in step a) and_ sinultaneously wt the increase

Tt HRCFBEAEFBNaP SBBR¥dC8PNENE Osdhi GRAUCIRAC A BILONg as

| Sa at $6spaSSiBlhed telmaddsozenall airefsdrfc tdie dHu oMﬁ-sls The
of the |Igild film h s al ready been reduced by

r oAt YT FoTeRERt NIFAN A 0dEBIPP e éogﬁésurﬁaf%rﬁ?r%\%edofom
t henl igusdthhawegesecbhdsi s necessary to apply ozone to

the gas space as long as a closed liquid filmis stil
present on the wafer. The entire cleaning and drying
progessgcathde dayingd ofit tha |sssidtdaduSbosecwatisr, 15the
Dug L 09 L 08 L YL PE, 0L b g 138 TLAQ2dUCh Al AT &Y éé‘r?tact with
the wafer surface and forms a hydrophilic oxide layer,
such that, at the end of step b), the semiconductor
wafer is hydrophilic and dry. The dried wafer is free
of watermarks. Since the process according to the
invention does not result in an increase in the metal
and particle concentration on the wafer surface, the
semiconductor wafers treated according to the invention
are distinguished by a low metal and particle

concentration.

The process according to the invention can be applied
to all semiconductor wafers, preferably to
monocrystalline silicon wafers. Application to
semiconductor wafers which do not as yet bear any

component structures is also preferred.
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ozone-cont ai ni ng gas at nosphere cones into contact with
the wafer surface and forns a hydrophilic oxide |ayer,
such that, at the end of step b), the sem conductor 20
wafer is hydrophilic and dry. The dried wafer is free
of watermarks. Since the process according to the
i nvention does not result in an increase in the netal
and particle concentration dn"the wafer surface, the
sem conductor wafers treated according to the invention
25 are distinguished by a |low netal and particle
pataneefisfhg on. The process according to the invention
can be applied to all sem conductor wafers, preferably
to 30 nonocrystalline silicon wafers. Application to
1.sem copgbtics o \ﬁ@frercsmndmeig d@f@in@ISaM@t WeafopiMizing a

0 ent structures p .39 - Patent
sofPEBRATetod, bUER Phpklr SanfngtRar jigoutnd steps o the
orfgdropatédzi ng a sen1conductor waf er, conprising the

a)fol Lp&aegngt@eé le@@nc?]@é&ﬁ:‘ %szequ) arfﬁgﬂw d88eous

sem conduct or V\ﬁ er wt agueous uti1on

SOébmgmnmrfglqﬂ/imlcs@enhﬁfrin@geae Lh:efls%qn cSheucsopricopdugtor

waf@katbbgt BRQUADLLE £e8t Eenexé SaRls| gasleps€astOR dyally,
snd b) drying the sem conductor wafer by rotation of

sem conduct or wafer about its centre axis at a
b) rotarymml tispeadmdkohflltbe SGHfer edst utrbaasipar of the
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account” of the cent orce _ generated
tor ottt iPSH aﬁanﬁhebgquJ@%%f Ehe @éaal@oneaeﬁepsm@utwn
cohehNgifiy dr efiirlbgend bylezones \Mm@behﬂg t hewvay from. the

sem conduct or fer is exposed t q$ ozone- c%n ihl{g&
semiconductor wafer on account o e centritug ce
generated by the rotation and the surface of the
semiconductor wafer being hydrophilized by ozone, wherein
the semiconductor wafer i1s exposed to the ozone-containing
atmosphere starting from a point in time at which the
semiconductor wafer 1is still covered with a continuous

liquid film.

2. Process according to Claim 1, characterized by a
rotational speed of 2000 to 3000 revolutions per minute in
step b).

3. Process according to either of Claims 1 and 2,
characterized in that the concentration of the hydrogen
fluoride in the ligquid agueous solution in steps a) and b)
is 0.01 to 2 per cent by weight.

4, Process according to Claim 3, characterized in that
the concentration of the hydrogen fluoride in the liquid
aqueous solution which is situated on the surface of the



at nosphere starting froma point in tine at which the
sem conductor wafer is still covered with a continuous
liquid film 2. Process according to Claim1,
characterized by a rotational speed of 2000 to 3000
revolutions per mnute in step b). 3. Process
according to either of Clains 1 and 2, characterized
in that the concentration & the hydrogen fluoride in
the |iquid aqueous solution in steps a) and b) is 0.01
to 2 per cent by weight. 4. Process according to Caim

o RS P uke 05 (4 T Trobi ¢ ahetUs ooPatron. HeceRe

St@@;h@ltuated on the surface of the - 10 sen1conductor
wafer after step a) is not changed before step b). 5.
Process according to.either of Clains 1 and 2,

5. char adtFG858d PRCPRAENEL &P apitBeEar9f e§lGdSunderach 2.

chaZaofee Gl ﬁlhngtmwaep:lw ea)6.ifr eacessedccondi ngndér an

characterlz n that the concentration of

Oz%%on@é%? &H@SR@Fée.n step a) is 5 to 20 per cent

by wei ght . 7 Process accordlng to either of clains 1
and Z’Pro%%rsa%kf‘crdﬂ%‘i’l gﬁt e | 'c%'r%&gﬁ%a in that
" sol ution contains roCeéss accor

thej ¢oreenfral fmeod @mn@ inchbe agtBPSRREr e nltlhat:ephé is

5 % OPSerd T Hededdhtby neans of an individual - wafer
cl eani ng devi ce.

7. Process according to either of Claims 1 and 2,
characterized in that the ligquid adqueous solution contains
ozone.

8. Process according to either of Claims 1 and 2,
characterized in that the process 1s carried out by means
of an individual-wafer cleaning device.



