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-1- Method for the treatnment of a sem conductor wafer

The invention relates to a nethod for the treatnent of

5 a sem conductor wafer with a solution containing
hydrogen fluoride, drying and subsequent oxidation of

the surface of the sem conductor wafer with an ozone-
containing gas. 10 A series of cleaning nethods have

been devel oped for cleaning sen conductor wafers, e.qg.

si | i ciethakiefor Gbe tofeatimest olfeaniseqirenidodsdrs wadead

on the treatnent of the wafer surface with an aqueous

sol ution of hydrogen fluoride (HF) and subsequently
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treatnment in HF also brings about a 20 very effective

r efBREAIBLNEePAF i ons fromthe wafer surface.
US5714203 describes a nethod in which a silicon wafer

is_drawn into_an ozone gas atnpsphere directly from
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process costs becone too high (costs of the additiona
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silicaon wafers having dianeters of greater
surface.

US5714203 describes a method in which a silicon wafer
is drawn into an czone gas atmosphere directly from a
ligquid tank filled with an HF solution. In this case,
the silicon surface is completely freed of the surface
oxide in the HF solution, and when the silicon wafer is
withdrawn into the ozone atmosphere, the silicon wafer
is simultaneously dried and hydrophilized, that is to
say that a new oxide layer is produced on the surface.
Therefore, the silicon surface ocutside the liquid tank
is always protected by an oxide layer. The method has
the disadvantage that it can only be used once or a few
times when wused within a complete bath cleaning
installation with different cleaning solutions, since
otherwise the process costs become too high (costs of
the additional tanks and cumulative process times).
This cost disadvantage becomes even more relevant in
the case of silicon wafers having diameters of greater

than 300 mm. A further disadvantage 1is that the
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40 than 300 mm A further disadvantage is that the 2
undesi rabl e binding of fluorine to the silicon surface
occurs in this nmethod. Myreover, this nmethod | eads to
an increased m croroughness and to the arising of haze
and light scattering defects so-called "localized 5
light scatterers”, LLS). The invention is based on the

09h@%%19%b@éowf#dﬂh¢“bf'ﬁPﬁ@yfﬁbcksa@hﬁgéﬁﬂﬂBB%l%ﬂfﬁbce
hydrogen fluoride solution and ozone which does not

| 856UES tife Bhhdli Rgthodef Margsviete tihihemstifpdcdegds to

the i@@ﬂ%yygandﬁcﬂ%ﬁdﬂqpnééétiﬁﬁ|ﬂérﬁﬁéea&351ng of haze
m cr orqughness and tq the arising of haze and |ight

s@att elditf tde SRS SRR MGG &ty enl P L YAA t|;ﬂQ§allzed

apphheakicafteressdi stiggui shed by short process tines
and a small space requirenent of the 15 installations.

This object is achieved by neans of a nethod for the
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sur?ace of the sem conductor -~ wafer 1S oxi
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containing gas while another part of the surface of the
sémisédddactionswafer is still in contact with the
solution, and wherein the solution and the ozone-
contalnlnqﬁggs are spatially separated in such a

way
t H&t St nof A5he SVt HnPEeRS wioth %n@e’éHBFhefPf |1'Hne
trtaemttnié@d ae@or &i ngdnd ddmidareant ivted,he in  which the

semiconductor wafer

- is treated in a liquid container filled at least
partly with a solution containing hydrogen fluoride,
such that oxide situated on the surface of the
semiconductor wafer dissolves,

- is transported out of the solution along a
transport direction and dried, and

- is treated with an ozone-containing gas after
drying, such that the surface of the semiconductor
wafer is oxidized,

wherein one part cof the surface of the semiconductor
wafer already comes into contact with the ozone-
containing gas while another part of the surface of the
semiconductor wafer is still in contact with the
solution, and wherein the solution and the ozone-
containing gas are spatially separated in such a way

that they do not come into contact with one another.

In the method according to the invention, the
semiconductor wafer is treated with a solution

containing hydrogen fluoride and situated in a liquid
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sem conductor wafer is treated with a solution
cont ai ni ng hydrogen fluoride and situated in a liquid -
3 container. In this case, the sem conductor wafer can
ei ther be dipped conpletely into the solution or be
transported through the lattey.-In the latter case,
either the entire sem conductor wafer can cone into 5

cenihaetingrt.h the tsalsutd e Si Rt a@@@y@dnydu@roﬂi fageent can
eﬁ% ns of the se condUﬁtor waf .er arghbrou into
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dévi’ces for  introducing negasound,
t mr@@@éewetﬁve:g@mwtmppchsesm@mam nhefdaerse of
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megaso propaga direction i's preferably
oredérl o %@Uh@@m@@@tfﬁhe w2 egnt Pl mgre AN o¢01p)‘r‘a$<t:¢ clweé;hr nthe

t R 1A PRt iy @Ghleon of  the sem conductor wafer.
The negasound propagates perpendicularly to the

transport direction at an angle of 90, and |argely

opprsi L eh¥i o dderd hspeih Qéreafc}ulqrpea:t antanghexofiary
170, though there is still a 25 sn&é conponent
|

pEFEEET TR tar MR ife HeadFERA NIdREEEEon and t hus
perpendicular to the surface of the sem conduct or
ro uci,ng. and

Mﬁ{ further vari_ant provid or g 39
rroducll s GOBhP&Les vﬁ??rngcng 1Bnd QERLFEY or
|rﬂnIﬁddmdﬂngumbgzﬂﬁundwﬂsoT&BEJE&HmkEnsmHEENWIhMé@&sound

h d o h o]
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vantageo
entrainment of particles in the transport direction of

the semiconductor wafer. The megasound propagates
perpendicularly to the transport direction at an angle
of 90°, and largely oppositely to the transport
direction at an angle of 170°, though there is still a
small component perpendicular to the transport
direction and thus perpendicular to the surface of the

semiconductor wafer.

A further variant provides for producing and
introducing gas bubbles of wvarying size and density
into the liquid container. This can be done with the
aid of pumps that intermix liquid and gas, or with the
aid of micro-gas bubble producing devices (so-called
micro-bubblers). Movement of the bubbles ccocunter to the
transport direction of the semiconductor wafer 1is

advantageous.

Furthermcre, it is advantageous to set the gas quantity

dissolved in the liquid within the liquid container,
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Furthernore, it is advantageous to set the gas quantity
dissolved in the liquid within the liquid container, -
4 for which purpose it is possible to use devices for
the targeted introduction of gases (for exanple oxygen
or nitrogen) or for targeted degassing. 5 Al the
abovenenti oned neasures for further inproving the

cksaniyRgcaf beeboean llae isnpberBRted tfoorusfeheefvﬁ@;réts frdahe
or the rear, sid he s n1conductor waf er s
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(hydrofluoric acid). The concentration of the hydrogen
fluoride is preferably 0.1 to 1% by wei ght (per cent
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s' i.CO The 15 u |o cont |n f he
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ironis better removed from 20 the surface and that
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he addi tion of hydrogen [ oride ds to nore
ehvdeppes net flluddslsi ng. Thedsefligesic prepeidhly  The

CeBhabRs rAei SHI fRet @RS h @drddien diptiRg iefe t DE preferably
sem conductor wafer directly after transportlng it ou

of -thetfydtbged f Ifdate é@ﬁ&tlSﬁ“tcaﬁybew%b%l%bedl%y'the
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soI#tlon fl ows awa fron1t M@ surface on acc% .
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searcmndmetéy mm&éerdbﬁyng tbe2w|bhdmwmghttIﬂhuaﬁhas the
eth%ft '%e®dﬁ¢§&f“EEQ§ iTR@S dsesb£9£e¥3?egl B9 from
e owever 0

i'S pfeferr r "the drying
the surface and that copper is not adsorbed again on

?r taa front

the surface. Overall, the addition of hydrogen chloride
leads to more effective metal cleaning. The solution

preferably contains no surfactants.

The drying of the semiconductor wafer directly after
transporting it out of the hydrogen fluoride solution
can be achieved by transport in an inclined state. In
this case, the solution flows away from the wafer
surface on account of the force of gravity. It is also
possible to withdraw the semiconductor wafer vertically
from the hydrogen fluoride solution, such that the
solution already runs away completely from the surface
of the semiconductor wafer during the withdrawal
thereof, without implementing further measures for

drying.

It is preferred, however, for the drying of the
semiconductor wafer to be assisted by a gas being fed

via one or more nozzles in a flow directed to the
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sem conductor wafer to be assisted by a gas being fed
via one or nore nozzles in a flowdirected to the - 5
surface of the sem conductor wafer. An inert gas (for
exanpl e nitrogen or a noble gas such as argon or

m xtures thereof), is preferably used for this purpose;
nitrogen (N2) is particularly preferred for reasons of
SsavBat@bblfi thheanskewsdsdudiner gasfes. f @ eirgsrtm ghst Heor

ald of a series of nozzles f ted perpendicularly to
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pheéerabkynbehweas 1§?o@n‘$r]}:%5»geld’l pedpentiochenel ddethe
sol ution nore effectlveéy parti cul ar hi, h as fl ow

2BTPBFROTS M esddeSsar su“ﬁ&@stsﬁéylru qtif d %%’eble to
east!l y ponrkhethydrophabics sif fecezld$ @ﬂdhthﬂrallty of

ti fo.t b t b ..ded.,
N R
anatiegouso neEutere wd aaonbe@tennrerpnzglesffétmifIAnN angle
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mnse referre an al'ter na |ve |nste§8
ofiigept uoal i 0§ obeSWQEhed96622H@srpenalphaaalityndf 180°
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ransp Irection can ed In order to
i REeEasebinebstippey bi2dzand 11§5f°helmapéﬁie§urtpa(¥@p@dd the

t BYSut PoRChics ke @ff@f@l@él‘cfﬁhv%a@&' datiaQn. hildhe gas flow
ozone-contai ning gas is prefera Iy situated ih a~ 35

r 68FBn1PhACt NEGERSAY 5 esar Bied! Byuhd pappi fiess. eesily

on the hydrophobic surface. In addition, extraction of

the gas by suction can alsoc be provided.

The ozone-containing gas can also be fed in an
analogous manner via one or more nozzles in a flow
directed to the surface of the semiconductor wafer.
This is likewise preferred. As an alternative, instead
of a plurality of slotted nozzles or a plurality of
series of nozzles, a longer opening as seen in the
transport direction can also be used in order to
increase the supply of ozone to the wafer surface and

thus to achieve a more effective oxidation.

The ozone-containing gas is preferably situated in a
region that is spatially separated by a partition. In
this case, the semiconductor wafer in the dry state is
transported into said region in the transport direction
through an opening in the partition. The opening 1is

preferably only slightly larger than the maximum cross
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this case, the sem conductor wafer in the dry state is
transported into said region in the transport direction
through an opening in the partition. The opening is
preferably only slightly larger than the maxi mum cross

- 6 section of the sem condactor wafer as seen in the
transport direction, in order to mnimze diffusion or
cgmwetémonmbftwmoneemhboughctbe op&ﬁéﬁg.a§ Agkehirt | dmal the

sures_ar r ef er abl n. order

RS RAPERL D Bontrr SR 1 o P PGy ERusion or
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fluoride solution is still situated on the wafer

surface. By way of exanple, when gas nozzles are used
ﬂ@dﬂbti@m@ln@easgr@sn@zeleseéﬁeablytémpbemQBEﬁdthe order
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provide | east pre adéltlon to
n@@&t%%ﬂeﬁlré@ﬂedléégntéﬁQ()RQE¥®%ﬁe¥ntrah$§brthydrogen

di 1€6E190) So18€LbeS 9§ nQEZifS Qi tBapbQtt 8d Nerzl eyafer
whi ch produces a 15 gas flowin the direction of the

opehf &S - sBYh “Patofga®*afPbis YRAFBUGR St HE BhER ngrFntiged

tb@roa@p@ngpnbaualm@zza@%Ha¥erf$M@§u @@Qw@@ﬁ Vh@ellquld
ver sa. exanpl e, . the gas, flow uced

FeREe 1pYs | ShdhRer SRt 1olme) S of LSRR D o Povide
(par dldaalt) mdd%;r(epfea"ml@l cuhargdix Mt htbhetmaf @bzzles

t d t I f _bet 22.
IR RO PP Ea ™ 150 AT Fos Bl RoFIPBSPoRE comtTaby
stettes nﬁznbesléstb&dapesh@tthdnheuzl@ whhehwafeduces a

tgé‘é‘sf’%t ghr egLi SErS‘thEhk?ﬁ”e§ﬁe“8$glr1§8rgd %E%ﬁL‘E?ﬁéh%as

one-cont al ni ng are
of hevs sitder wfgtt héhpar Dpen@nganmm eftdraablog oner-icemted niing

S’f‘ﬁﬁ‘ﬁ?a%i‘e?'ﬂ@ﬁ ngnga% ol g)’ic@ r\ﬁ‘é%?sead gy the Qifr %Qctaim '1e
e openrng is produce way of exa

frloev rasdué davbyp s tho Ry e%h%%m ﬂqM%eCﬁarnﬁw an
aggh e ob rhefewar 0 dpaigdt £l e BNda 99 30 ( REYRRHAG ¥hAL) )

wth the wafer transport direction, wherein angles of
bet Week g Wit 57t RARSPPEF eAlEGCtiRnadditg i n t pRIles of

sepeneéh op2 of spg08R° caRtapReigrgas. and series of nozzles
or continuous slotted nozzles fitted perpendicular to
the wafer transport direction are likewise used for
feeding the ozone-containing gas, then they are fitted
on the other side of the partition and preferably
oriented in such a way that no gas flow directed in the
direction of the opening 1is produced. By way of
example, the gas flow produced by these nozzles can
likewise form an angle of betwéen 0° (parallel) and 50°
(perpendicular) with the wafer transport direction,

wherein angles of between 22° and 67° are preferred.

In addition, the separation of ozone-containing gas and
hydrogen fluoride solution can be assisted by suitable
extraction of the two gases {i.e. of the gas used for.
drying and of the ozone-containing gas for
hydrophilization) by suction. Thus, e.g. the extraction
of the ozone-containing gas by suction can be carried

out with a higher vacuum pressure.
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hydrogen fluoride solution can be assisted by suitable
35 extraction of the two gases (i.e. of the gas used
for. drying and of the ozone-containing gas for

hydr ophi li zation) by suction. Thus, e.g. the extraction
of the ozone-containing gas by-suction can be carried
out with a higher vacuum pressure. 7 In the nethod
according to the invention, the t r eat ment mﬁth

"ygrageT Lyl Se-sokld ool I LEERLIENL o Lo e r

ozpne-con%a ni n ace 1 n-spati al separa
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oFvhe %@?“s?%ﬁ?téﬁ%b%@lQa%nb?ﬁ@ §H tdc rl?ﬁeﬁ@ﬁoFéer?héS

bh@dlﬁﬁg@f Bhyowya@otg@ntffqu\&fl% syhacecah ber. 1t has
reliably avoi ded bi the spatial separation accor di n

tm%emn%w%ﬁh%? hieeohRn %?ulawa% &8I Ef‘?oﬁuéﬁécﬁzegethe

1Sef Db @dud g gasfdd  Bas yaddhé&honaldyodgen flawid dehakind
t he sem conduct

be | || dif
i ealt et S thE andBh e Lurth bhei S6%katari SRE ek hes. T hEe
shimditmgpeons 20l astiosm ofocozone awdfbydr egefatbuochde be
I I . id b s
o b Py AT R P9 cRE: p it s 8Pn 28 8 B obHbodhE  xo
hylte ogement Laor ibde hawe ogiexe E Twgetdeersol weadh yand ozone-
d&éé@gfﬁ% % &%%atlon and oxi de renoval rates often

occur | ead to a nonuniform material renova
and thus to an increased m croroughness and to the

afts'hﬁg ‘é{dcﬁ%zl%r%‘ﬂy 'b&é‘rﬁ %%E:lerﬂrfbg: d@tfl@%%mlyah&uctor

I s solved he spatla separatlon of

pro
o&@%@aﬁé“h?@rdg%?rﬁllﬂf u%wlaj%d 36 Beower dkas@kees in the
PRy&FSH R F1hbohaéf 3oMi80oRZONgince the simultaneous

action of ozone and hydrogen fluoride leads to removal
not only of the oxide layer but also of the
semiconductor material itself. When ozone and hydrogen
fluoride are mixed together, locally different
oxidation and oxide removal rates often occur, which
lead to a nonuniform material removal and thus to an
increased microroughness and to the arising of haze and
light scattering defects. This problem, too, is solved
by the spatial separation of ozone and hydrogen
fluoride.

Both risks are particularly high if a high ozone
concentration is present, which is desired, however,
for effective hydrophilization. By way of example, an
ozone gas flow of 200 liters/hour and an ozone gas
concentration of between 80 and 100 g/m® are produced
with the aid of an ozone generator. The problem is
additionally intensified if the hydrogen fluoride
solution is used for a relatively long time, since more

and more ozone dissolves 1in the solution over the
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concentration is present, which is desired, however,
for effective hydrophilization. By way of exanple, an
ozone gas flow of 200 liters/hour and an ozone gas 35
concentration of between 80 and 100 g/ n8 are produced
with the aid of an ozone gengrator. The problemis
additionally intensified if the hydrogen fluoride

sebwtdOnof stuged horreaarcalv@tliyve_lo)hd Qe tigrede§i PEB1EDEBY
and nore ozone di ssol ves t he S%|Utl0n iﬁgﬁ the - g.
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Bt oreasord hom@M@qenThnoughdéhetspatimwem@paﬁapbemlts
q%% zon and h drogen fluoride, the inve

fhéec o “1P5n Bishe 2Efaent rabfoRs apioRSs =he a
rmﬁkﬁtlmﬂyylbogguseeobftmmdnﬂydmngﬁlﬂbmodsdeobuﬂubmpn
945’}%5%3‘”' "“ gtien i%”dar{ C'“é‘ﬂ'r%&'flgg h &9 the
Ut ~on e spatla separati’on o y rogen
f$Qkutxmn 10 solutlon and ozone-cont ai ni ng gas, aII of
the nethod steps take place in a very confined space,
such that when the sem conductor wafer is transported
olgspite hdhenydpegenlf | sepadat sonutdfon hysrdgest Edpgyide

r§c9119€‘1<9r§ bhe YAl eL- &Hﬁﬁ%r@ér%gy C&l“i!‘v‘so'fnt%é:%te@%d

h the 15 ozone-containing gas when other regions
tﬁ@%féakesmkaa?@e it edstVeny i porbanadt sWaCe .t heuch that

hyQsQgeRe f %@ﬁ&teﬁduéebyt lwgﬁzerA iRy l’l:rlaéﬂsgibpcfecﬁfé@@t §fakfe
obt ai ned si nul t aneousl % in this wa

dUYBEQ LN dbik ol dhi ePl e BkoRir y2 stk Fake (8F Yt heegion of the

S@AT £ONRICE B cavaf Ll d & hy Hoaeiobiie tand coerefor alwr Ythe
sensitive to. renewed co tan1na ion wth artlcl S

VRTYIRHA L2 Wt E%r 48Py WitThi REDRE RGPSt 25t o Water
secofuise Jhﬁ ftsﬁl Ointh@?hadt ophohi Chéﬁh&d?@gbﬁ: mgu%rl]de
contam nated wt arti.cl es again therefaore I g The
p%?£$%+% cleéhlnglgFFﬁéﬁgncyo i se %éic%ﬁre§ﬁ¥i ?ﬁéalnEd
ps ooebtsamkeras iynin stivies wahort overal |, which inproves
the economc viability of the nmethod. A device intended

for carrying out the nethod used can be realized in an
The time duration during which the dry surface of the

semiconductor wafer 1is hydrophobic and therefore very
sensitive to renewed contamination with particles is
very short, preferably within the range of 1 to 5
seconds. The risk of the hydrophobic sufface being
contaminated with particles again is therefore low. The
particle <c¢leaning efficiency rises as a result. The
process duration 1s very short overall, which improves
the economic viability of the method. A device intended
for carrying out the method used can be realized in an
extremely space-saving fashion. This once again leads
to an improved economic viability of the method. Even
upon repeated application of the method, the process
duration and the space requirement do not increase to
such a great extent that the method could no longer be

carried out economically.

Brief description of the figures
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30 extrenely space-saving fashion. This once again

| eads to an inproved econonmic viability of the nethod.
Even upon repeated application of the nethod, the
process duration and the space requirenment do not
increase to such a great exgent that the nethod could
no | onger be 35 carried out economcally. Brief
deisprieptl oshotvst he ﬁbgmzestal9sé§¢mme thsbagyh & device

h r|z ntal_section throu r the tre n
e oo et br ST hedadly beh cu® Bt nTeneCEliRhee

pfnetfrertrlmj mm rparetfeﬁrd%i ganrrl:mczmsehm/vs a verti cal

section in the longitudinal direction through the

device fromfigure 1. Figure 3 shows a vertical section
thvougth 2 dbovee af orerttieal reachian g sdns cdpdadstvdinal

Iéﬁ%é&i&qqggﬁé rﬁ253§%§%§é1ﬂﬁgﬁffléqféwpferred

odi nent ment s of e invention are
described below 15 A first enmbodi nent of the

| vantd on EiSold | HSkatedailn sddrdwne thrduyH M sg6ds€e @Br
i ndi vi dual sem conductor wafer 5, preferably in a

Vieh® i ceafaent oR L |§e@%%®%@UCF%¥C)%?ﬂqqﬁﬂ dcoAfgPRERNCE

Lifh 1 dred wdde s dit i ddbocigrad ni ng hydr ogen
fluoride. The sem conductor wafer 5 20 is subsequently
W thdrawn fromthe solution 91 in a preferably
per peawch €dil @mbodamepast 6f r et ohnddnt seich adehatiesheibed
s§lftipn 91 already runs away conpletely from the

{te of the seniconductor wafer 5 during the
W t hdrawal thereof, w thout inplenenting further 25

T
TEUEES el S ehe ! SpReRLocteds I ypLesedy oo
hér@klreadiutuhnarthnreasgaes t e grelieritdugdone efiigrnductor

CONEOP | %r“e%tz%%tl W %h% E&é%gfl d 14 4] d §§' H&gged
are pre er grren te ? ese ne ures W |
el i Eedhfq}ﬂt%eﬁeo%*é@bwrlfllne"i:lés]sﬁﬁleFh tah|%01Ut10n 91

erbodi By w@r@?@ﬁsf%g@@e bernfedeMi 80RBBCOHr MEEer 5
nozzles 35 in ow directed to )

is subsequently withdrawn from the solution 91 in a
preferably perpendicular transport direction 81, such
‘that the solution 91 already runs away completely from
the surface of the semiconductor wafer 5 during the
withdrawal thereof, without implementing further
measures for drying, which is preferred. This procedure
corresponds to the teaching of US5714203. On the other
hand, additional measures that prevent ozone from
coming into contact with the hydrofluoric acid solution
are preferably implemented. These measures will be
described further below.

If necessary, in this embodiment, too a gas 92 can be
fed via one or more nozzles 35 in a flow directed to
the surface of the semiconductor wafer 5, in order to
assist the drying of the semiconductor wafer 5. The gas
92 is fed e.g. with the aid of one or more series of
nozzles arranged perpendicular to the transport
direction 81, or one or more continuous slotted

nozzles. An angle between gas flow direction and wafer
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the surface of the sem conductor wafer 5, in order to
35 assist the drying of the sem conductor wafer 5. The
gas 92 is fed e.g. with the aid of one or nore series
of nozzles arranged perpendicular to the transport
direction 81, or one or neragcenti nuous slotted

nozzl es. An angl e between gas flow direction and waf er
-tﬁihsﬁdfﬁmﬂmrécdhbﬁcﬁﬂonoﬁlb@twbehm&ﬁﬁ’9Qperpend1cular)

(pe c n raII f
§£<£p§§$ilgular ?ggp%e era Ié % ﬁ%%nyli anﬁgfg @Bh%rly
wuoefetabhepedtudmn kb Utamsh hdv e, effiectderl yo kapel the

a{cﬁi&ﬂbo& ﬁé&%agetﬂ e Ozoﬁet hen 935497 ;Y. S“%gézloisht‘:%h of

e provi cont ai ni ng gas
prled eFabl 32 flod st igie cagr afsye bsozlassid®Glin a fl ow
directed to the surface of the sem conductor wafer 5.
For this purpose, too, it is 10 possible to use one or
ot SePnesContasRines Jasr dhgets paepenabdyl &ed oviheone

té@nﬁ@pétn&up@glp@ Bl, 2 0F100€d9FectPECLS! OhbeLurface of
nozzles. As an alternative, instead of a plurality, of

SHRR t BRMFROWIWEE QR YA TR Tir &l i FQT ofNEBrPREPOBE. nb99t et is

ifodSilwl S0t Poaskbbaet @ rusd @ |§éh9ﬁs opeNhsgz 18s a§r§§ﬁ2
|n the %#a ort d| ection 81 in aorder to jncrease t
Lg]z‘%?]e L? ot PRe tRAPEPOS b F4CECIIRM thHus @ one or

aﬁ@m@velabtedehbeauewe G%;daml@mteThetheneqﬁﬁnkﬁkhlm@ a
as 93 is prefera &tuﬂedln a 2 n

BEeTa 1Sy DREParta e IS ot apt FLblitge e stfies
paftm@znhe§3 1tn1$ha£soa§essihbeseo1usedacnongemabpenSng

t ry t t al regi
e SRl pah e et DRERY L B SR 0okn g Hhdeh v
thecpzasé t tha 38pplle adpedi ¢rge 340i $her efadfreabl yuebaonl gnd

sthghtdy largeret tdver JBXi JRIBLCr 8S; section of  the

sem conduct or waf er as seen i1 n the transport
direction 81, in order to mnimze diffusion or

OPHY €63 400 Ofn OZ0NEnd N O4ol3 the BPERLPAGHBY. st PubPEE in a
enbodi nent, the partition 33 can either smultaneouslﬁly

FETHSt iLhdte the SBEBéRLBBURRRAE @V ePY F PREIEPHEP
cont aded gdroitbenaddititgnaldis fédded eheveehheoHBREEor

wafer 5 in the dry state 1is transported into said
region in the transport direction 81 through an opening
34 in the partition 33. The opening 34 is preferably
only slightly larger than the maximum cross section of
the semiconductor wafer 5 as seen in the transport
direction 81, in order to minimize diffusion or
convection of ozone through the opening 34. In this
embodiment, the partition 33 can either simultaneously
constitute the upper boundary (cover) of the 1liquid
container 11 or be additionally fitted above the upper
boundary of the liquid container 11. The latter variant
is 1llustrated in figure 3. The nozzles 36 for feeding
the ozone-containing gas 93 are in any case fitted

above, preferably directly above, the partition 33.

Preferably, as described above generally for the
invention, additional measures are implemented in order

to prevent ozone from penetrating into the liquid
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boundary of the liquid container 11. The latter vari ant
is illustrated in figure 3. The nozzles 36 for feeding
the ozone-containing gas 93 are in any case fitted 35
above, preferably directly above,, the partition 33.
Preferably, as described abave -generally for the

i nvention, additional neasures are inplenented in order
tcnmwaﬁmﬁm oZnde ﬁhoﬁlpmMﬂr%ﬁéqmpﬂntnnthehhbqui@ydrbben

taln r and,into the re ydr age

uor| so?%%?gho?s %?il ua?mgugﬁ aheoﬁafépe water
samfﬁ&ee.S In a second, part|cularly preferred
enbodi ment, which is illustrated in figures 1 and 2, a
liquid container 11 is used, which has, in two
oppogi txecimd wakk$icaharépt rarede ropshi egbedimemt anwhich

ei%t 19@89??9@% %%ngfi b A Peh%’ bhe asuiigsdefCO'htE%J_Per

¥ rogen uoride s |on 91 Li"qui d”"cont ai ners o
t hi sifypéeshe weisdy i besl | AN EP®1 TR rAteThalde qupdls, an

C@HE@%Q@& %&eﬁ%ﬂgb%ﬂwdﬂ@danebkﬁ%r SRt ety @Ecﬁnhwlng
partly with hydr ogen fluoride solutlon 91.

s%ﬁ%%%nﬁﬁ%t%?rﬁﬁF%rog fge PwﬁﬁgﬁéﬂtééUPﬁﬁéﬁgﬁoﬂHélon 91.
|LQ¢fuﬁdCOBbﬁtQ$he%é albgng taqllss tﬂﬂf@poétredl Heekr9Be8l in

b V|ces 21, 22. artlcular t he
oUpbLERRERE ., UM oTiiid { Santhiay v Fan Be  filled
téaﬂﬁ@@rtcdhpaéxhiylld& t balir apspoLy cuitﬁnlﬂnb &yd&Qgen

1 I d d
¢ hrBEGHCEa; P OReHImg St o T PRALTY SNt ST nere 907 16 1o
| trasspdeved r arraporghed thibr ougiu idie danguaiicheaont &i neYondlla
[LOBRLDS, EnLEB0EE; QROBING S I LS XL, LREDT 99, 325 1

and <t ran f on1 e entrance
opentnguBarofthheselrnqqoddcghoau wefe115| A st e ansgegpedt by

dér?%b@”t%n%o‘rt&e Q&b%‘?ed 3 ai‘ﬁp?ﬁé ‘E%‘éh%ﬁo@% el ion

order to ensu are e spatla separat on of
o8 bn&ocditeni e e s 9BeAkhdd hydr sdent e udi pgéds slonttiadmer

91; %%Heﬂﬁ%dﬂéﬁe£§@QYOb@K§H%tQd%&“%ﬁbtT@huiﬂecontalner
hYdro%en fluoride solution does _not energe through

is then transported through the ligquid container
11 from the entrance opening 31 to the exit opening 32
and, finally, it is transported away from the entrance
opening 32 of the liquid container 11 in the transport

direction 81 by the second transport device 22.

In order to ensure a reliable spatial sepération of
ozone-containing gas 93 and hydrogen fluoride solution
91, <care 1is preferably taken to ensure that the
hydrogen fluoride solution 91 does not emerge through
the exit opening 32. Therefore, the exit opening 32 is
preferably only slightly larger than the maximum cross
section of the semiconductor wafer 5 as seen in the
transport direction 81. Moreover, the semiconductor
wafer 5 1is preferably transported in a substantially
horizontal position. In this case, the entrance 31 and
exit openings 32 are slots which are arranged
substantially horizontally and the height of which is
preferably slightly greater than the thickness of the
semiconductor wafer 5 and the length of which is
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30 the exit opening 32. Therefore, the exit opening 32
is preferably only slightly larger than the maxi num
cross section of the sem conductor wafer 5 as seen in
the transport direction 81. Mreover, the

sem conductor wafer 5 is pregferably transported in a
substantially 35 horizontal position. In this case, the

epligReey 3lgﬁh(ierexthaﬂp€tfheng\$182haro€f steés éwlctfbrﬂﬂﬁ:tor

arr e bst anti al | zontally nd the hei ht of

SHPERTTS . THET ERBbRencE: Gt by S Paared Jtvan Sengo1dtich 91

t baakness @&é&h&teﬁemmﬁﬂﬂhkﬁiﬂlMpfeﬁ15 aﬂd thﬁsﬁengﬁh a
reater than t ey%t 0

Chetlaffealactarotadh ok ARt el BRalhg 4 ur ooen

fluoride solution 91 can be prevented nore easily in

tEﬁ %QEB&%OQSlgﬁglégggekegr%@¥¥¥ﬁ§§ oIntE$8$¥bg6ﬁ% can

openi ng t he Sures de
EP8172ut6/negered bem piderent ed poeverder hydrpgenerfiluoride

hydi ggepn | '9‘10 ﬁr@t . e%g Ao T O eﬁgigiengefﬁﬁg"c%@e and

exlt openi ng ure that t con
vvﬁPere@Ue”ﬁer@é?st ftben segicpaduc§eird Wedrfifai hefmeIgea thyem

dEMeS§§&§1dTEbﬁth§n@Eei?r99'VhQO&E byracgas 92 being
fed via one or nore nozzles 35 ina flowdirected to

the surface of the sem conductor wafer 5, in order to

agsi st 1tsh€i3r3e'_fé3.|:ra\ﬂlr}g cpcﬁné hiey ser g@@,nowt@élr\r\@f etd5vilih&ne
gas 92 is fed gé the aid of one or nore series
d

oPrnB‘?£Fe§°Zé|lF’5n lﬁerapér}&. ci&ectsd ke Hhensydice of
dichect semni8dnduetopnesHie MDIE Ccant i Buays steot téﬁﬁblst the

nqQzzl es s _.illustrated in figure 1 et.we
QA58 830 il BT S Wt OF 15 kol Be aPRScPPor To 1
ok. betvve;etth a6e (it penfdmméaro)r amdrelSGa@r(iwstlpﬁr aidzezll)es
rbI sef artigcul rIy efea yhetue
anar§§§ = I%ﬁb C%Hfgbefgt%e sd[?f ﬁ%rQQre #8n %%
ebfrectom@l yorThenawzz|l esn8snapespr ea‘le:rtatkﬂ@ fnotedlebn 2&s

CATSEELBERRT Y TG B BRETIR S2ock Dt 448 o
direction and wafer transport direction 81 of between
90° (perpendicular) and 180° (antiparallel) is
preferably set, particularly preferably between 112°
and 135°, in order to repel the solution more
effectively. The nozzles 35 are preferably fitted in

. direct proximity to the exit opening 32. In addition,
extraction of the gas 92 by suction can also be

provided.

The ozone-containing gas 93, too, is preferably fed via
one or more nozzles 36 in a flow directed to the
surface of the semiconductor wafer 5. For this purpose,
too, it 1s possible to use one or more series of
nozzles arranged perpeéendicular to the transport
direction 81, or one or more slotted nozzles (as

illustrated in figure 1).

The ozone-containing gas 93 is preferably situated in a
region that 1is spatially separated by a horizontally

arranged partition 33. In this case, the semiconductor
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provi ded. The ozone-containing gas 93, too, is
preferably fed via 30 one or nore nozzles 36 in a flow
directed to the surface of the sem conductor wafer S.
For this purpose, too, it is possible to use one or
nore series of nozzles ar¥anyed perpendicular to the
transport direction 81, or one or nore slotted nozzles
(asfeB5 3| limst thteddryn fatguree 1ip. Thensponeedontraiai mgid
998493 '%nPEﬁEeE?Qb¥ BEE“ﬁH?QckQP 8ﬁeQ59%u§ﬂatn'%penlng
atially separa orizontal | arra
pgﬂtmnn oW%SParhlthDQ case, Tltlﬁeosl?@ml@gndlﬂ:t @s preferably
Weﬁfp 21i8nkRe di %g%tratt%é!r?' HAnRRoLhGf £BbesSAeltion of
glon In"the'transport direction 81 through an opening
ahen g9el grdYeion 33feTheSopehi BgeB4 L8 prleg ertglinpport

08h¥e§£hgﬁt|ﬁl|ar9§f tdiadk £ her JaXjhMHMMEL 0SS 438¢1Lk9B1Of or
5 the sem conductor wafer 5 as seen in the transport

dFPB¥EFBRACRBL,O5 nogPagr tRr HE nithe FRIVUSIHn3gr In this

cenpeatinent pf £020NEs AiIoUgh theigpemitt@B4inl Bdtit$on to

enEodlnent hﬁ partition 33 is. fitted in add|t|o$ to

t hBe| drtd=Ha o AU Bf Ohet 1% qait GUE It HAPE  The
nnazlzessse 6f dorf efetidiichd h@@zcaﬂen@o@@ﬂtmngn@agaes 9arare

case fit on that side o rtitio

mﬁpc rD% ?%ﬁ%vgg%%Fﬁhw?%eEplEU|%ﬁ%onP 1R?r$ﬁgl°n 33
nebitbs B% usedved appmoprhat d,idudd assnseﬁngrthbl The

d e co ar 1
h¥E2deBer ion T ater 2pPebBESaEd of Fohe TSy 1tne

cdﬁvanleroflltaﬁd gee qrarduation BafeAdcﬁ taeﬁallmeasur ggse

are+PLaf epabl¥eh rrptﬁéreni wl or ndd & pr&yerﬁheozcmuld
frompenetrating into the 20 container 11 and
|ﬁP@tPhéeFeéﬂoﬁnﬂntmﬁlEﬁfhyﬁiggeﬁ3fluorlde sol ution 91
is still situated on the surface of the seni conduct or

wafer 5. It is possible to provide at |east, and
pP@F‘éFéBP?ll Fi‘eéébhrteﬁoﬁfteoPtrﬁéeﬁé?zllyeén@ée”&“rt@@t dd order

ceynt geetent heovaher ff@ﬂsgﬁéﬁeﬂﬁé@m? OMint 25 Heer i118%uid
oEoH%%%kg% o{la skptt gonog le.é;g¥on EHStLﬁggﬁ) hydrogen
fluoride solution 91 1is still situated on the surface
of the semiconductor wafer 5. It is possible to provide
at least, and preferably in addition to the nozzles 35
directed counter to the wafer transport direction, a
series of nozzles or a slotted noizle {not illustrated)
which produces a flow of gas 92 in the direction of the
opening 34, such that gas 92 flows through the opening
34 into the ozone-containing spatial region, and not
vice versa. By way of example, the gas flow produced by
these nozzles can form an angle of 0° (parallel) and
90° ({perpendicular) with the transport direction 81,
wherein angles of between 22° and 67° are preferred. If
series of nozzles 36 or continuous slotted nozzles 36
fitted perpendicular to the transport direction 81 are
likewise used for feeding the ozone-containing gas 93,
then they are fitted on the other side of the partition
33 and preferably oriented such that no flow of ozone-
containing gas 93 directed in the direction of the

opening 34 is produced. By way of example, the gas flow
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whi ch produces a flow of gas 92 in the direction of the
openi ng 34, such that gas 92 flows through the opening
34 into the ozone-containing spatial region, and not

vi ce versa. By way of exanple, the gas flow produced by
30 these nozzles can form-anangle of 0 (parallel) and
90 (perpendicular) with the transport direction 81,
whevgunednpgleshebebatwetns236andnb6lisee ipeeffermedn lafngle
seri es .of nozzl e ntin o S| zZ 36..
TPl By Herlordi caparebet e Aihndhor (BhrPERPRERLED apath
36hti keaifee ugedrfsporfteediimpdtheomzonehenatni nenglgas of
9 n~the dt he [ fa -
R e TR e e
obfozbre0zomet-gioniteg ngay Rsdi Fechedshatipe dianedtiksewise

OEoEFFibQ{?@nit%g afod 8&:?%@?%1@4 way A £ ofN&he

gas ow 14 produce ese nozzles 36 can |1 kew se

f OFANENCangReN1og Bes Dhypeglal LBR) cmedigep 34 in the

&Eggggﬂgbguhg[) with the wafer transport direction,
erein angles of between 22 and 67 are preferred.

Sui tabl e extraction S of the ozone-containing gas 93 by

sHCtflw cap Itihlé];evw ogdxnt Pfilbléﬁrﬁd_bo_s’:b&Qltﬁiid‘rgsdb%f)@St@n to
or convection of the _ozone-containi t hrou :
ChBS AN O | A EREC CBar tik | of B1E Ry SRInt oRFOATERE in
hydeogeingd i diordothe as@ledt | 00 opposiridert ot ot heotimaeaspor t the
direction 81 is preferably produced in the.liquid
CBRESPIERERT PR BRadr cig et diact* theoPaRi Pl Aot de
paitucHesondatinerexilt. dpens ngaB2 bef adielededubyd means of
c ' i's chj y s af

S8y 2kRBhndtnn Vs R Do XS THRRS, P ratea
whthhant heel lgghddconnbeheer1ll.|It is additionally
preferred for the hydrogen fluoride solution 91 to

fl ow away through the entrance opening 20 31 or to be
dil §chgr FetifiitHiad vhePre i ee € ofe i ABF DYdiregeme fluoride

Visei 0k ¥nOfgit he, ert bANGE QP L. thd tRk$anedS@pdding
can be collected, filtered and returned to the liquid
coht &met© 18 AR SEhEFERSl iMhF o | §ifui 41quid container 11

in the wvicinity of the entrance opening 31. In this
case, 1t can be collected, filtered and returned to the
liquid <container 11. If a plurality of 1liquid
containers are connected in series, the hydrogen
fluoride solution 1is preferably collected separately
for each liquid container, filtered and returned tc the
relevant liquid container. Figure 2  schematically
illustrates an associated collecting trough 64 that
collects the hydrogen fluoride soluticen 91 draining
from the liquid <c¢ontainer 11. From the collecting
trough 64, the hydrogen fluoride solution 91 <c¢an be
conducted into a supply container 61 and be returned to
the liquid container 11 via a pump 62 and a filter 63.
By means of the filtration and return, the particle
concentration can be kept at a low level for a long
time. The separate collection, filtration and return
for each liquid container is advantageous since, 1in
this way, a particularly low particle and metal

concentration c¢an be maintained in the 1last liquid
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contai ners are connected in series, the hydrogen 25
fluoride solution is preferably coll ected separately

for each liquid container, filtered and returned to the
rel evant liquid container. Figure 2 schematically
illustrates an associ ated <ald ecting trough 64 that

coll ects the hydrogen fluoride solution 91 draining 30

f cont & heet s quhtocgint ehheh the EBeadctheuecablkeetifegs pass.

t rough .. the hydrogen f ride sqlution 91 can. be
c%ﬁd%ftgﬁﬁ%ﬂ%?%%%hk%l§°cg§ﬁg#ﬁgp gfeaﬁﬁﬁy ?%tg}ﬁ%doFoa
thegquiduiEdl¢ongaiunéd 11T he ahyvadipeggn 6R1aodi@def bieti68. 91

B f. t:h ' LQn | retuc e j 3
Lo eaatest Y phehbRacd” G o M Byab by B Sl F2ne
ttheanihe sepattt eCenvérselpn, thel claghongandspétucan be
f _p?@@gﬁl' lUé% PQHEa'$ﬁﬁ?'%ﬁﬂﬁyaﬁﬁﬁngHgss' ’ do%plete
thi's way, particularly Tow particle and neta
cenekat@ati on can be maintained in the last liquid - 15
contai ners through which the sem conductor wafers pass.
is thus possible to lengthen the service |ife of a

It .
| T4@i d it ng®hint ithe hel Hydt Sgerfomitgdnicde sbl ut MeRsyred
| seepapl et el ¥r exchanged aganBpowkt hQutebfPahr gy td¥e 2he
C eanln%dresult. gDnVﬁésegy, th clefnln result can he
i APPOTRUAYFIRh e Sfamt tiSePTRteFIRIY Pealshpl Biegn 1ts
exehgnge. mdaeuredt hiof dhe |4rxpHHgboont aiineyctibrrediur edn
10 rpendicular to the trapsport direction 81.of the
SOAPELRETRT or Lhkr bPablf hRBRERRE J10rSarPelibafnet Such
| ehgth neaswedth n idhe dreatspor tthdim edtheon Ww8HtH nof  the
p i r e Liqui nt,al i S, di i 0 S
I A L R e T T e L S
sthecoaduconduanderwsiep beftindat egathersi tersgclk ft wadth
the seai GoRdyet Qomafier,5 i nds, spage o ters QbnyiAt
in the,liqﬁﬁg coﬁfﬁ%ﬁef 11, B&§%o§€$§§t?tihéﬂFen%Fﬁ%of%f
t hee| ilgaudde sirdiadere 11l niphd e drspotRokh réérpehien 81
of et *%%eseﬁérﬁ%@ﬁ’@&@iof\ﬁbgﬁé |5 @Eef;ﬁr&@ﬂéﬂl%ﬁslég@n t3@n
the length of the sem conductor wafer 5, such that the
the length of the semiconductor wafer 5, such that the
semiconductor wafer 5, in the direction of its length,
can never be situated completely within the 1liguid
container 11. If the semiconductor wafer 5 is
substantially round, "length" and "width" of the
semiconductor wafer 5 should: - in each case be equated

with its diameter.

These preferred size relationships make it possible to
dispense with guide elements arranged within the liquid
container 11, since a semiconductor wafer 5 transported
through the liquid container 11 can at any time be held
and transported further by at least one of the two
transport devices 21, 22 adjoining the liguid container
11.

At the beginning of the method, the semiconductor wafer
5 is taken from a cassette for example and positioned
on the first transport device 21. This 1is preferably

effected automatically by a robot. It is subsequently
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sem conductor wafer 5, in the direction of its |ength,
can never be situated conpletely within the liquid
container 11. If the sem conductor wafer 5 is
substantially round, "length" and "w dth" of the 25

sem conductor wafer 5 show dg n- each case be equated
wth its dianeter. These preferred size rel ationshi ps
npkeférapbysikﬂmxdd) @bﬁpens&cwﬂhh gutde elrenentsansport

arran n.the I|qu 0 cont |ne %% sinc
s%%nr%%%ﬁc& gr]iwabf Yer g’etrgﬁg 1grted t %Vl Aquﬁzlld and
cbnaaﬁp@rtad can athanyttanspbetheddreandonraﬁépotbedthe

%ﬁ{ggﬁcgy %n1%%5t39”8f°fdhﬁengQt HJ é ﬂfﬁ%ﬁ&? 11

ad o the | 1"qui d contal ner
b@@dnmtﬁgogf;ht hesame:t ho@lpe@h@gsenfil’l@Qnde"tEOr farer 3iawid
takgp,f oM p) cassette for exanple and positioned on
the first transport device 21. This is preferably
effected automatically by a robot. It is subsequently -

1ﬁh1@éei€r@Q|YrBhéﬁQr@S&pﬁﬂghCHh@reh@rbh@etb?ﬁﬁﬁﬁ@t31 to
direction 81 by the first transport  device 2

tF%ﬁsBéFFe&PﬁﬁlPﬁe%%%ﬁﬂﬁﬁﬁq d??%cf?éﬁt8119819h€°“tal“er
emgrahrtq—fé Op@mtngoﬁl tole tfl@mid:d‘)rsiii]ud:!f:dﬂl mm agneﬁhﬂdh S5is
ang t gh op ning into, the first [
R AP e M PRERe "A S pta e mhe PR EEARA Y
openeéng 3htbo ddmeaeti t epEnigigredd t hwotigh the finysirogen
|%?UB9 onta| [18 10 11, the paﬁﬁ oflthe enlc ducgpr

er 5 ani T 1%?tu ed W-thi n''the }?% “iher
1Qrpfefebhblyontemes mwt@umﬁaemiemamﬁmsthetysupphrthéhe
hxgm&%u%&w Wl 0l 4t g 9%0%1%0%9@ atbdl! knie1d it

cont al ner er ab y contalns no
t ﬁa@ms@bsomdtr@@ens fard rdehed Lt Jort vt e91 S5ianglweebd This

tbgr?B%?b%' %'h%n' tehd rﬁﬁdﬂ? @&Q‘Eé’ﬂﬁﬂff hyoride described

solution 91 in E aces. i's possi bl e when 't
| fROVE/ corft aPReller, ¥ esbRi bR GHHMCEYS S‘ﬁﬁleFfer5 as

tQé@nthﬁnsaﬂh§oﬁﬂﬁﬁk@kn%@f@&r5c€§on 81, such that the
semiconductor wafer 5, during its transport through the
liquid container 11, can at any time Dbe fixed
perpendicular to the transport direction 81 by the
first 21 or second transport device 22 or by both and
be simultanecusly transported further in the transport
direction 81. While the semiconductor wafer 5 is
transported through the 1liquid container 11, it can
already be accepted by the second transport device 22
as 1long as it 1is still in contacﬁ with the first
transport device 21. The second transport device 22,
situated on the opposite side of the liquid container
11, preferably fixes the semiconductor wafer 5 once
again perpendicularly to the transport direction 81 and
transports it away from the exit opening 32 of the
liquid container 11 in the transport direction 81l. If a
second liquid container is presént, then the transport
device 22 transports the semiconductor wafer 5 to the
entrance opening of the second ligquid container and

through said opening into the second liquid container.
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seen in the transport direction 81, such that the 20
sem conductor wafer 5, during its transport through the
liquid container 11, can at any tinme be fixed
perpendicular to the transport direction 81 by the

first 21 or second transportldevi ce 22 or by both and

be sinultaneously transported further in the transport
2Be ok micdCrig oon 8t heWhidae itrleel selmegaimdyicher £ owafaticd, | $n the
tran r hr h_the liqui ontain 1 b a
a%e?%%g@ %@ggéﬁrg%t{gdo%y%t ee(qlsne‘}éleon(r:lt(j1L cit}’anagrg)%r%e é%leééeplﬁﬁlber
asf | ohgaasngtunstst (liguhdconnbginakshwithe Toorgesponding

tcﬁ%?ﬂ?@” Aevies 21-f§£‘§i§§00%‘éx}f PogL deviyge 22, ,3Q.
si tlat

ed on the opposite side of the liquid container
1aonpr Bl ERGbP§s f Bres tae spewitc shrlictast) weder b§ gpoaected

agai nsper pendi gybael v A0 thedsanspart Péfgé‘t | AimBdrand s
transports 1t away fromthe exit opening 32 of the
| gt Hrepit hi i€ £he necRBORLEnspbiPl HiFectash &pes f ngt

38n 6£LONa ki qalgsgr@@%@i@er ihﬁr@ﬁ@rﬁ@ﬂt, _&hentt@e cleaning
transport device 22 transgorts t he sem. conduct or waf er
5P bl P FBAN &t r BN e" PPt ngL of LEABLEBCHAATF 4§i greferably

cont aldedt antvo t RnRUIAtSandsepenémg idi® thwuseaendeight
I igui d. contaiper. -_17, DeEending on the requi r%d 1
ct 3R hYP peltf b ran®E, LHASERECeLechbiBeenBoGi nbAL CoFULRELY
i pyehéroad. aby desphechninpest afleanhdar nghitd tsre used,
(Liguid containers wth correspondin dryin evices,

gt GnEgy pREe SraeeRE USRS B ot Y BAeRagh  Bhicn
t tlaes penti cteviuce)r caAfbes camectednsporsedi eshravwmer ethe

ssiyel y, [ trj t t :

B Lces s HE Vi AR (BEE N el faFT e tlS he @
i apravehentronte he i eardmg beperdustvisshc gerire ldunber ofit
ckgani pge uniy t'i%n%r.efﬁ{@ﬁ't%a%%p%&,t' &35t n tWa ?tﬁ‘@ff‘ﬁed by

nost ten, and four to eight cleaning units o _
i Hent i dadvigpe R pErtiTul PRy Yheef ckFoUsPPFta devices

psufahtty wérsleaphBgrupkts1apgidsedntatifen, t BeYwaed two
arranged, al ong a transport path

SERFREREHES of LAk r §°§Fé‘1pﬁéﬁ;ﬁ’6\(‘){] e%fhf't%] o*a%%eﬁ-ﬁét 13iquid
dewhegindhe tTanspaprepatibnreedbsobraecessarifayrde-'a are
merely derived from the temporal sequence in which the
semiconductor wafers are transported through the
individual liquid containers, but they are used for the

description of a spatial arrangement.

The liquid in the second liquid container is always
contaminated with particles and metals to a lesser
extent than the liquid in the first liquid container.
The particle and metal concentration decreases further
in any further 1liquid container. Since, a number of
times, the oxide 1is removed at the surface of the
semiconductor wafer and a new oxide layer 1is produced
again and therefore overall a thicker layer 1is removed
from the surface of the semiconductor wafer, the metal
purification 1is likewise improved. By cascading at
least two <cleaning steps of identical type which
proceed in two separate liquid containers, the cleaning

effect can therefore be significantly improved by
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straight route; it can be curved generally or at
specific locations. The transport path is defined by

the liquid containers and the transport devices

situated before the first liquid container, between two
20 respective liquid conta n@grs and after the |ast
liquid container. The expressions "before" and "after"
zﬂdmpa&midw weth vede f petotha rite npartad 5enne@essidumhtmbn

t he d rs ar Lanspor ed t hr,ou
u?fha # Q1 qum}'cofr alng?gcg 8theé are &gg%qf
thiegu 26 destauperan-ofwamsgamlappaecaa@éwenMUpaimﬂng the

ld Qi i 0 th l “{}9‘ 'éﬂ“'@héo 2iRey 1S a£¥"ay8n1 made
contam nated wt articl es an netals to a | esse
e etbkanapy t Abipi gubadinenke offi rtdte |inignt cont aineg. on

urtcﬂﬁntPaB‘Jf' He aExanf?t gle rCRMCEHE I @KLON; HLCE £ASLS ,Liquid

In any further I'iduid container. Since,
mmﬂﬁﬁlﬁﬁfsdlrﬁﬂﬁ tﬂﬂ@Q%u(ﬁ?qQ§fﬁ€ﬁ@¢edoﬁﬁfﬁHé s@PﬁécenOt

Ofnd Feas S e COREUEEQEsVWRhal afl A NeMs Oxh dei EANEr ekBent .
produced again and therefore overall a thicker |ayer

i &t r ERBv SRMES ?%%%ﬂtﬁ@esd?¥%5% benghe §€nﬁ3&ﬁd&896¥ldual
wef @fiid t b@nlﬁﬁﬁabrspl-iﬁa}fé§aﬁlt0|’pd§51}:bll@wt§e i R speeck  Byie

cascadi n t least two ste i dentical

LSRR EHE U ORBRETS N Wigpo R e oL i s the

tlmnmi@anbngaleétectSmntdhEMefeﬁmlﬁenﬁmgmbﬁlmmﬁég@ are
[ ove ari,son with the_prior, ar

R iy i SRS Pathotet Moo be ' RaeSEhialbbd By

phwrde i 0y bbldhnquh@v&@nﬁmwmﬂhnn wwehbMQuappceotabhyrs,

7S [0l SERPROLEYL ROLLLLY PLakPEFEF T " whthou
| hvered oingi ntae ontr@@tra@m ofduria¢ ismal | of endttte of sphee

| A Y] diRdnd | Ophd nERRLA! BRI rdifg SRACE eﬂHbéﬁE‘?@ﬁ can

overal | does not Increase or increases onl y to an
i PRI GRPFREAAL COMtdmuoUsAy t Hehs@mehfEne, Bhelkhye| effect

| &0t Re Oft Hirk@ ghRdicVi duste kil | OBFEn€0RE RieNQinyt MBKLS klide
p035|ble to transport the sem conductor wafers without

RE eARICMAUTPE he'2 b8 TFui F3ContPsi ndr§atStncéd Nt han
sm@mptrmnwf ers are

A further advantage of this embodiment is that it can
also be applied to semiconductor wafers having a large
diameter of 300 mm or more, for example 450 mm, without

appreciable lengthening of the process duration.

The transport devices 21, 22 used are preferably
transport rollers composed of a suitable material (e.g.
polyvinyl alcoheol, PVA) which, preferably in the moist
state, slightly press the semiconductor wafer 5 on both
sides and move it further in the transport direction 81
with the aid of a motor. In this embodiment, the liquid
container 11 (or the plurality of liquid containers) is
preferably dimensioned to be less than half as long as
the semiconductor wafer 5, in order that individual
roller pairs (one roller above and the other below the
semiconductor wafer 5) before and after the liquid

container 11 or between the plurality of 1liquid
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treated individually and, noreover, are not shiel ded by
gui de or hol ding devices within the |liquid containers,
15 the cleaning efficiency again increases - wthout
i ncreasing the treatnment duration or the space
requi renent. The net hod aecardi-ng to the invention can
be operated continuously, which has a positive effect
orortthel ddr Dughput sufifriedeer, toonénsble ad ragar siide a
20 pof. the sem conducto fers can be treated pn_a
R L S hEPRA BF 1S L SRR ag8 st-SEh, € ter M and
efiocklmenta | sotbhattléssanraaspeorie appltirtedd semiconductor
semt con : S i g di.anet f, .
T o gt Sl R P AL O Bt BB o - LT EhafratAe
| egt hehistgrafed hebypr oeegs dfiir ackempl&¥heitr afispore 2. A
I » 489 Hse r f % tLans t I
o o 1 B e R o TP %, 50 0l Do Ry o e
aTohdl , PPYARrahlgh, hpreverably iepahecaw® sprecasely one

sthohdly piess the gsmhcopdugter WRfer ;5o behh $idesd
and nove it further in the transport direction 81 w'th
tHRNERHNDF a It oPX | nPERVEER DO Prentte XHFE Yiv§ui d1iquid

comtedNesrdl (o thendd urdld t ¥ afi dr quifd e@rhai ReEHspbt
35 preferably dinensioned to be |less than half as |on
e Vi6R BeRi EBnRGCCSr VRt &Y 3 MO QF det PHAET | hai PRdaare

rodl emug@;bdsﬁt (on;e Eéﬂni@bbn?b@t’@r andffhe lthEeth@er\g/otlll@rs
sepi conduct or _wafer  5), before and, after. the |iqui .

CSh ERR e st el T neos) Bnare, s dBe “pgiven
Cont & nevsoar earsdif falctiienatl yt ot eaabperat ty fsiendcanductor

S jcie suppar f . i ganduct o f a
Chereby A SRt et pede wignagh A Tt SEF: B5ndudvap and
warfiby Bowiftiki rthehesdmipirddwomai wefed lpeThesdenbodiignto

St S EféH§§5?ﬁ%§iP¥c L O0f example in figure 2. A

transport device can also conprise two or nore roller
pairs; preferably, however, in each case precisely one

rOLth&F Paidardspdiged Retpopiand afdgr the ligded as  an
container 11 or between two respective liquid 10

cohtarpeEsve Attq edde orelisrfer BHU2acHhs asspéconductor

wafers can also be passed on by mechanical grippers on
both sides of the liquid container. Transport via water
cushions 1is also possible, in the case of which the
semiconductor wafers lie on a 1liquid film and are

advanced with the aid of nozzles.

After the (final) oxidation of the semiconductor wafer,
the latter is removed preferably contactlessly or at
least with the smallest possible contact area. Thus,
the semiconductor wafer can be removed e.g. with the
aid of a so-called ultrasonic gripper, with the aid of

which the semiconductor wafer floats contactlessly.

All the described types of transpert devices can be

- operated at a constant or variable speed. The

semiconductor wafers are preferably transported one

directly behind another with a small spacing.
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device has to be driven by a notor in order to be able
to transport the sem conductor wafer. The other rollers
of the transport device can either |ikew se be driven

by a notor and actively transport the sem conductor 15
wafer, or it is possible o020t hemnot to be driven and
only to fix the sem conductor wafer perpendicularly to
tHe=t r anspotnodi r ectri onbe Ot hepltieanspost e@dhani wpss canf
bseenlrisceodn ?éf? ”aéé"em&gtihe Lol | g%ﬁgcﬂ}%alﬁﬁ‘ﬁe
semcon or ters ‘can al so be passed bn y
m@mmctgrm pwéfsr@n (whdtdh s@ des U@fedt heot | gbiptiovoltaic

ansp Vi cushigns
posslalb‘{be{lcfnnsrthe ggge o?ewﬁh t'he éggn corswl %%%rse ko
Ve ery st bhinge | | gemd chndrcind areafons adviditded fkemple
thecddh e AP SS. ARET $8Ri ddhd@bdoPXI faELPE Okahhepe

sem conductor wafer, the latter is renoved preferably
(ﬁﬁWERﬁQ%sgﬁyf%b’a@es%é%gtSﬁﬂﬂﬁopﬁéc§mﬂI@ﬁﬁeﬁﬁﬁéﬁbwalch

CHd a@xﬁﬁ%d TBES oﬁ@né h%rﬁﬁmt%@ndélﬁ@ésv\laéﬁf hﬁ?ﬁ%hbeare
t he a so-called ultrasonic

moved e of
TS i ¢ REEPEeRf LR i e S86H cohaLaa dint 6PT
féomtisl€ontactl essly. Al the described types of
transport devices can be 35 operated at a constant or
vari abl e speed. The sem conductor wafers are
preferably transported one directly behind another
with a small spacing. 20 The invention can be applied
to all types of sem conductor wafers, to nulti- or
pol ycrystalline sem conductor wafers (which are used
for photovoltaic applications, for exanple), and
i kewi se to 5 nonocrystalline sem conductor wafers (for
exanpl e mcroelectronics). The sem conductor wafers
can be conposed of any desired sem conductor nmaterials
whi ch are oxidi zed by ozone and the oxi des of which
are dissolved by hydrogen fluoride, such as silicon
for 10 exanple. - 21 -
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Patent clains 1. A nethod for the treatnent of a
sem conductor wafer (5), in which the sem conduct or
wafer (5) 5 - is treated in a liquid container (11)
filled at least partly with a solution (91) containing
hydrogen fluoride, such thatl exi de situated on the
surface of the sem conductor wafer (5) dissolves, is
tRebmspordledimzut of the solution (91) along a 10
transport direction (81) and dried, and is treated with
an ozone-containing gas (93) after drying, such that
the surf acs hofd trﬁersehheorwm:amenw\/afoe& @5) sesiconductor
| €l .ze r t e
ggéén%{gc%ng’uct or fgc\czplaece}%a e 1T eaﬁ%%n%?eﬁt 0 ‘cont act
wi th tie breakedcant a@nllﬁgxugéis Q@B‘)amle (dAot Herlkret at
of e dd1e §H£{§§9w1QE thessent ¢gpduehar &Eﬁéﬁlﬁﬁﬁg'ﬁ atbhkn
in contact with he sol ution (91) wherein t%

otuRs sie (9§ycand‘-hamqe%ﬂz%esé NEkER r@ng§§e( FrigGe of

Csrad | A de SRR d 2% 4 n Eﬁ)UQﬁs%d’laJ)éé hat they do n0t

cone into contact with one anot her. .. The et ho

cT ai meld i ATENaPRTF tedwirdtiei Af t & 6%Hﬁ¥%%mtélﬁln§

(&%)négﬁozii tde_Lateaﬁtlmq a(gegia tdiated Zf'arics sga%al Iy

separate nmeans. a partltlon an

S C ot TR s3h R gt L bed e T05) "atbex

tdmmmpprteﬂxﬂmtmhsaidtheglmmrfabéheﬁiram$posém1conductor
C (83) t ou an opening (34) in the partition

hagel Lon (B9 Hyonar

ﬁ%od as clainmed in either of clains 1
affte 1 1in \/\heeelpmttheoﬂr yiheg ®irfdee sei comlustonicoafliector

(w%)fé':s §S'asfree%é:§{>/ égmége&tnt as.bel f@:?itYl' e095n$—
nozz | ow directed he surface o
tmtaalsusrm @@ﬁdd@ﬁér wieifler #myther pastmsifhothassurface

2l e ééhfﬁﬁhéﬁcﬁ%f”@béefo §) i¥hegreid thecontact with
ozone-cont ai ni n as fed via one or - 22
the solution % and whereln the solution (91) and

the ozone-containing gas (93} are spatially separated
in such a way that they do not come into contact with

one another.

2. The method as <c¢laimed in «claim 1, wherein the
ozone-containing gas (93) is situated in a region that
is spatially separated by means of a partition (33),
and wherein the semiconductor wafer (5) in the dry -
state is transported into said region in the transport
direction (83) through an opening (34) in the partition
(33).

3. The method as claimed in either of claims 1 and 2,
wherein the drying of the semiconductor wafer (5) 1is
assisted by an inert gas being fed via one or more
nozzles (35) in a flow directed to the surface of the

semiconductor wafer {5).

4, The method as claimed in any of c¢lams 1 to 3,

wherein the ozone-containing gas (93) is fed via one or
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nore nozzles (36) in a flowdirected to the surface of
the sem conductor wafer (5). 5. The nethod as cl ai ned
in any of clains 1 to 4, 5 wherein the sen conductor
wafer (5) is transported through the liquid container
(11) along a transport diregtion (81) by transport
devices (21, 22) wherein the liquid container (11)
e iMbd20eDPPOS) t.ensadelowaldllsecarederttdamee OPLefhdg of
gﬁ?% and an ex%t ope %@ (32) each lying below the
EENISPRETS @ Y. 6. The nethod as cl ai ned

in claim5, wherein the sen1conductor wafer (5) is
transporte subs hori zaq itio

and wh relﬁetﬁgg en?ra %5 B r%tt opeﬁln%sch §
athe rsligt s tle cbemacendmcangedwsdbstamﬁhalhy transported

o ta%k% aﬂﬁquﬁﬂ? r&%‘n%'?h gﬁgh 4% n% ght | ¥an gort

ar eat ckness 0 em contuct or wa
(CBL)rem’tciOtrhe(BéhgtU‘Y of rahsphrts desvlluc*@h:t | y2§r eddZer whanein
t f 0 20 ;wafer . ( heg
é}%’]m%ggglgl a(% e I n Ignr?w? O“Faasl rrs éyat%w% %ﬁwérlg;gn thde
$61 Ut .0na 9 9N 1 GEe a@eyntlngoug}#)t h@nent2an & i6peAPaying

(%19) Vadhs 13 iczahar ged Widied e Iinduisd 16N nemn )

in the” vicinity of the entrance opening (31), and
|s subsequently collected, filtered and returned to

tde |iHe dreenbal N8k (éﬂéimed in claim 5, wherein the
semiconductor wafer (5) is transported in a
substantially horizontal position, and wherein the
entrance (31) and exit openings (32) are slots which
are arranged substantially horizontally and the height
of which 1s slightly greater than the thickness of the
semiconductor wafer (5) and the length of which 1is
slightly greater than the width of the semiconductor
wafer (5).

7. The method as claimed in any of claims 5 to 6,
wherein the solution (91)

- flows away through the entrance opening (31) or is
discharged within the 1liquid container (11) in the
vicinity of the entrance opening (31), and

- is subsequently collected, filtered and returned
to the liquid container (11).



